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General Experimental Methods
All reactions requiring anhydrous conditions were carried out under nitrogen gas atmosphere 
using oven-dried glassware. Anhydrous diethyl ether and tetrahydrofuran were distilled from 
sodium metal and benzophenone. All other solvents and reagents were used as received. Column 
chromatography was carried out on silica gel 230-400 mesh, and analytical TLC on precoated 
glass plates (silica gel 60, F254). 1H NMR and 13C spectra were recorded on a JEOL ECA 400 
MHz in CDCl3 solutions. Chemical shifts are recorded in ppm and coupling constants are 
recorded in Hz.

Preparation of the benzylic alcohol derivatives
General procedure for the NaBH4 reduction (GP1)
Sodium borohydride (1 eq.) was added portionwise to a solution of the corresponding carbonyl compound 
(1 mmol, 1eq.) in methanol (5 mL), cooled with an ice bath. The mixture was stirred for an additional one 
hour at room temperature and progress was monitored by TLC. The reaction mixture was quenched with 
saturated NH4Cl solution, concentrated under reduced pressure, extracted with ethyl acetate, washed with 
water and brine, dried over anhydrous MgSO4 and concentrated under reduced pressure. When necessary, 
the residue was purified by flash chromatography. 

General procedure for the Grignard reaction (GP2)
Magnesium turnings (1.2 eq.) were added into the oven dried, two-necked round-bottom flask equipped 
with reflux condenser and rubber septum. Anhydrous Et2O (5 mL) was added together with one crystal of 
iodine. The mixture was stirred for 15 minutes, followed by dropwise addition of the corresponding aryl 
halide (1.2 eq.). The reaction mixture was stirred for an additional one hour at room temperature. The 
corresponding aryl aldehyde (1 eq.) was added dropwise by syringe. The reaction was monitored by TLC 
analysis and after completion, the reaction was quenched with H2O and HCl (2M). The aqueous layer was 
extracted with Et2O, and the combined organic layer were washed with brine and dried over anhydrous 
MgSO4, filtered and concentrated under reduced pressure. The residue was purified by flash 
chromatography.

1-(benzyloxy)-4-(methoxymethyl)benzene (1c):
CHO

HO

BnBr/K2CO3

DMF

CHO

BnO

NaBH4
MeOH

BnO

OH

BnO

OMeAmberlyst-15

MeOH

This compound was prepared from 4-hydroxybenzaldehyde according to the reported procedure1, 
followed by NaBH4 reduction using general procedure GP1, and methylation with Amberlyst-15. The 
product was obtained as a colourless liquid. Yield 80%. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.22 (m, 
7H), 6.98 – 6.92 (m, 2H), 5.06 (s, 2H), 4.38 (s, 2H), 3.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.5, 
137.1, 130.7, 129.5, 128.7, 128.1, 127.6, 114.9, 74.5, 70.1, 58.0).

(4-(3-((t-butyldimethylsilyl)oxy)propoxy)phenyl)methanol (1e): 
CHO

HO DMF

CHO

O

TBSO(CH2)3OH/DIAD/PPh3

TBSO

NaBH4
MeOH

OTBSO

OH

Diisopropyl azodicarboxylate (DIAD) (1.77 mL, 9.1 mmol, 1.1 eq) was added dropwise to a solution 
of 3-((t-butyldimethylsilyl)oxy)propan-1-ol (1.71 g, 9.1 mmol, 1.1 eq.), PPh3 (2,36 g, 9.01 mmol, 1.1 
eq) and 4-hydroxybenzaldehyde (1 g, 8.2 mmol, 1 eq.) in dry tetrahydrofuran (30 mL) at 0 °C. The 
mixture was stirred at room temperature for 4 hours. The solvent was removed in vacuo, and the 
residual thick yellow oil was purified by column chromatography. The product was reduced with 
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NaBH4 according to general procedure GP1 to give alcohol 1e as a yellow oil. Yield 64%. 1H NMR 
(400 MHz, CDCl3) δ 7.29 – 7.24 (m, 2H), 6.90 – 6.86 (m, 2H), 4.60 (s, 2H), 4.05 (t, J = 6.2 Hz, 2H), 
3.79 (t, J = 6.0 Hz, 2H), 1.97 (p, J = 6.1 Hz, 2H), 0.88 (s, 9H), 0.03 (s, 6H); 13C NMR (100 MHz, 
CDCl3) δ 158.9, 133.1, 128.8, 114.7, 65.2, 64.7, 59.6, 32.5, 26.1, 18.5, -5.2; HRMS (EI): Exact mass 
calcd for C16H29O3Si (M+H)+: 297.1886, Found: 297.1890; MS (ESI): 297.49 (M+H)+; IR (NaCl): 
3381.21, 2951.09, 2927.94, 2879.72, 2854.65, 1714.72, 1614.42, 1514.12, 1172.72

Thiophen-2-ylmethanol (1l): LiAlH4 was added in a small portions under a stream of 
nitrogen gas to a stirred solution of thiophene-2-carboxylic acid (1 g, 7.8 mmol, 1 eq.) 
in anhydrous THF (10 mL). The mixture was stirred for 30 minutes at room 

temperature, then quenched with water, 2 M NaOH, and again with water. After quenching, the 
mixture was filtered, concentrated under reduced pressure, extracted with DCM, dried over MgSO4 and 
concentarted under reduced pressure. The residue was purified by column chromatography to give 
thiophen-2-ylmethanol as a yellow oil. Yield 64%. The obtained NMR data are in agreement with 
those previously reported in the literature.2 1H NMR (400 MHz, CDCl3) δ 7.29 – 7.24 (m, 1H), 7.01 – 
6.95 (m, 2H), 4.79 (s, 2H), 2.19 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 144.1, 127.0, 125.7, 125.6, 
60.0.

Diphenylmethanol (8a): This compound was synthesized from benzophenone 
according to the general procedure GP1. White solid. Quantitative yield. The 
obtained NMR data are in agreement with those previously reported in the 
literature.3 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.13 (m, 10H), 5.84 (d, J = 3.4 
Hz, 1H), 2.23 (d, J = 3.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 143.9, 128.6, 

127.71, 126.7, 76.8, 76.4.

(4-methoxyphenyl)(phenyl)methanol (8b): This compound was synthesized 
from bromobenzene and 4-methoxybenzaldehyde according to the general 
procedure GP2. White solid. Yield 98%. The obtained NMR data are in 
agreement with those previously reported in the literature.4 1H NMR (400 
MHz, CDCl3) δ 7.40 – 7.23 (m, 7H), 6.89 – 6.84 (m, 2H), 5.80 (s, 1H), 3.78 

(s, 3H), 2.22 (d, J = 2.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 159.1, 144.1, 136.3, 128.5, 128.0, 
127.5, 126.5, 114.0, 75.9, 55.4.

Phenyl(p-tolyl)methanol (8c): This compound was synthesized from 
bromobenzene and 4-methylbenzaldehyde according to the general procedure 
GP2. White solid. Yield 68%. The obtained NMR data are in agreement with 
those previously reported in the literature.4 1H NMR (400 MHz, CDCl3) δ 
7.41 – 7.29 (m, 4H), 7.27 – 7.23 (m, 3H), 7.14 (d, J = 7.9 Hz, 2H), 5.80 (s, 

1H), 2.33 (s, 3H), 2.25 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 144.1, 141.1, 137.4, 129.3, 128.6, 
127.6, 126.7, 126.6, 76.2, 21.2.

(4-fluorophenyl)(4-methoxyphenyl)methanol (8d): This compound was 
synthesized from 4-bromoanisole and 4-fluorobenzaldehyde according to 
the general procedure GP2. Yellow oil. Quantitative yield. The obtained 
1H NMR data are in agreement with those previously reported in the 
literature. On the other hand, 13C NMR data are not in agreement with 

the  literature because those authors disregarded coupling between 13C and 19F nuclei in the benzene 
ring.4,5 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 2H), 7.24 (d, J = 8.8 Hz, 2H), 7.00 (t, J = 8.7 
Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 5.75 (s, 1H), 3.77 (s, 3H), 2.43 (d, J = 2.4 Hz, 1H). 13C NMR (100 
MHz, CDCl3) δ 162.2 (d, J = 245.7 Hz), 159.3, 139.9, 136.1, 128.2 (d, J = 8.0 Hz), 128.0, 115.3 (d, J = 
21.3 Hz), 114.1, 75.3, 55.4.

OH

MeO

OH

Me

OH

OH

F OMe

S OH
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Ferrocenyl(phenyl)methanol (8e): This 
compound was prepared from ferrocene 
according the reported procedure6 followed 
by NaBH4 reduction (general procedure 

GP1). Orange solid. Yield 60%. The obtained NMR data are in agreement with those previously 
reported in the literature.7 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.36 (m, 2H), 7.36 – 7.29 (m, 2H), 
7.28 – 7.22 (m, 1H), 5.47 (d, J = 3.2 Hz, 1H), 4.24 – 4.15 (m, 9H), 2.45 (d, J = 3.1 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ 143.4, 128.4, 127.6, 126.4, 72.2, 68.6, 68.3, 68.2, 67.6, 66.1.

Phenyl(thiophen-2-yl)methanol (8f): This compound was synthesized from 
bromobenzene and 2-thiophenecarboxaldehyde according to the general procedure 
GP2. Yellow oil. Yield 54%. The obtained NMR data are in agreement with those 
previously reported in the literature.8 1H NMR (400 MHz, CDCl3) δ 7.47 – 7.43 (m, 
2H), 7.37 (tt, J = 8.0, 1.7 Hz, 2H), 7.34 – 7.28 (m, 1H), 7.27 – 7.24 (m, 1H), 6.94 

(dd, J = 5.0, 3.5 Hz, 1H), 6.89 (dt, J = 3.5, 1.1 Hz, 1H), 6.06 (d, J = 4.0 Hz, 1H), 2.40 (d, J = 4.0 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ 148.3, 143.3, 128.7, 128.2, 126.8, 126.4, 125.6, 125.0, 72.6.

Furan-2-yl(phenyl)methanol (8g): This compound was synthesized from 
bromobenzene and furfural according to the general procedure GP2. Yellow oil. 
Yield 63%. The obtained NMR data are in agreement with those previously 
reported in the literature.9 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.26 (m, 6H), 6.29 
(dd, J = 3.1, 1.9 Hz, 1H), 6.09 (d, J = 3.2 Hz, 1H), 5.77 (d, J = 3.9 Hz, 1H), 2.64 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ 156.1, 142.6, 140.9, 128.5, 128.1, 126.7, 110.3, 107.5, 70.2.

Cyclopropyl(phenyl)methanol (8h): This compound was synthesized from 
bromobenzene and cyclopropanecarboxaldehyde according to the general procedure 
GP2. Yellow oil. Yield 47%. The obtained NMR data are in agreement with those 
previously reported in the literature.10 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.24 (m, 
5H), 4.01 (d, J = 8.3 Hz, 1H), 2.01 (s, 1H), 1.28 – 1.17 (m, 1H), 0.68 – 0.33 (m, 4H); 

13C NMR (100 MHz, CDCl3) δ 143.9, 128.5, 127.6, 126.1, 78.6, 19.3, 3.7, 2.9.

(3-bromophenyl)(4-methoxyphenyl)methanol11 (8i): This compound was 
synthesized from 4-bromoanisole and 3-bromobenzaldehyde according to 
the general procedure GP2. Colourless oil. Yield 98%. The obtained NMR 
data are in agreement with those previously reported in the literature.11 1H 
NMR (400 MHz, CDCl3) δ 7.52 (t, J = 1.6 Hz, 1H), 7.36 (dt, J = 7.9, 1.3 
Hz, 1H), 7.27 – 7.19 (m, 3H), 7.16 (t, J = 7.8 Hz, 1H), 6.87 – 6.80 (m, 2H), 

5.68 (s, 1H), 3.76 (s, 3H), 2.50 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 159.3, 146.4, 135.6, 130.5, 
130.1, 129.5, 128.1, 125.1, 122.7, 114.1, 75.2, 55.4.

Methyl 3-(methoxy(4-methoxyphenyl)methyl)benzoate (8j): 
a 

This compound was prepared by methylation of 8i using modified procedure12, followed by 
carbonylation. A solution of previously prepared bromide (1 eq., 250 mg, 0.8 mmol), i-Pr2NEt (1.2 eq., 
976 L, 0.98 mmol) and Pd(PPh3)2Cl2 (2 mol%, 14.3 mg, 0.02 mmol) in MeOH (5 mL) was heated at 
100 °C under CO (100 psi) in a Fischer-Porter tube for 20 hours. The reaction mixture was filtered, 
concentrated in vacuo and purified by flash chromatography. Yellow oil. Yield 62%. 1H NMR (400 
MHz, CDCl3) δ 8.03 (t, J = 1.8 Hz, 1H), 7.92 (dt, J = 7.7, 1.5 Hz, 1H), 7.55 – 7.52 (m, 1H), 7.39 (t, J = 
7.7 Hz, 1H), 7.27 – 7.22 (m, 2H), 6.89 – 6.83 (m, 2H), 5.24 (s, 1H), 3.90 (s, 3H), 3.78 (s, 3H), 3.36 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 167.2, 159.3, 143.1, 133.8, 131.3, 130.4, 128.7, 128.6, 128.4, 
128.0, 114.0, 84.6, 57.0, 55.4, 52.2; HRMS (EI): Exact mass calcd for C17H19O4 (M+H)+: 287.1283, 

OH

Br
OMe

Fe

Ph

OHFe
PhCOCl/AlCl3

DCM

NaBH4
MeOH

S

OH

O

OH

OH
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Found: 287.1273; MS (ESI):  (M)+; IR (NaCl): 3419.79, 2991.59, 2902.87, 2665.62, 2048.40, 
1940.39, 1722.42, 1612.49, 1510.26, 1247.94, 1172.72.

General procedure for the scandium pre-catalysed deoxygenative allylation
Scandium triflate (0.05 mmol, 5 mol%), followed by allyltrimethylsilane (4 mmol, 4 eq.) was 

added to a solution of  the benzylic alcohol (1 mmol, 1 eq.) in acetonitrile (2 mL) in a 1-dram vial. The 
mixture was stirred at 40°C for 15-45 minutes until the starting material was consumed based on TLC 
analysis. The reaction mixture was concentrated in vacuo and subjected to flash chromatography on silica 
gel.

1-(but-3-en-1-yl)-4-methoxybenzene (2a): Yield 77%. Clear oil. The obtained 
NMR data are in agreement with those previously reported in the literature.13 
1H NMR (400 MHz, CDCl3) δ 7.16 – 7.04 (m, 1H), 6.86 – 6.77 (m, 1H), 5.91 

– 5.78 (m, 1H), 5.09 – 4.91 (m, 1H), 3.77 (s, 1H), 2.68 – 2.61 (m, 1H), 2.38 – 2.27 (m, 1H); 13C NMR 
(100 MHz, CDCl3) δ 157.9, 138.3, 134.1, 129.4, 115.0, 113.8, 55.3, 35.9, 34.6.

1-(benzyloxy)-4-(but-3-en-1-yl)benzene (2c): Pale yellow oil. Yield 
97%. The obtained NMR data are in agreement with those previously 
reported in the literature.14 1H NMR (400 MHz, CDCl3) δ  7.47 – 7.29 
(m, 5H), 7.14 – 7.07 (m, 2H), 6.93 – 6.88 (m, 2H), 5.86 (ddt, J = 16.8, 
10.3, 6.5 Hz, 1H), 5.08 – 4.96 (m, 4H), 2.69 – 2.63 (m, 2H), 2.35 (dd, 

J = 14.8, 7.3 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 157.1, 138.3, 137.4, 134.4, 129.5, 128.7, 128.0, 127.6, 
115.0, 114.8, 70.2, 35.9, 34.6.

1-(allyloxy)-4-(but-3-en-1-yl)benzene (2d): Yield 94%. The obtained NMR 
data are in agreement with those previously reported in the literature.15 1H 
NMR (400 MHz, CDCl3) δ 7.12 – 7.06 (m, 2H), 6.87 – 6.81 (m, 2H), 6.11 

– 6.00 (m, 1H), 5.85 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.45 – 5.35 (m, 1H), 5.31 – 5.23 (m, 1H), 5.08 – 
4.93 (m, 2H), 4.51 (d, J = 5.3 Hz, 2H), 2.68 – 2.61 (m, 2H), 2.34 (dt, J = 14.3, 7.1 Hz, 2H); 13C NMR 
(100 MHz, CDCl3) δ 156.9, 138.3, 134.3, 133.6, 129.4, 117.6, 115.0, 114.7, 69.0, 35.9, 34.6.

3-(4-(but-3-en-1-yl)phenoxy)propan-1-ol (2f): Colourless oil. Yield 
51%. 1H NMR (400 MHz, CDCl3) δ 7.09 – 7.03 (m, 2H), 6.83 – 
6.76 (m, 2H), 5.81 (ddt, J = 16.8, 10.2, 6.6 Hz, 1H), 5.04 – 4.89 (m, 

2H), 4.06 (t, J = 5.7 Hz, 2H), 3.81 (t, J = 5.9 Hz, 2H), 2.67 – 2.56 (m, 2H), 2.34 – 2.26 (m, 2H), 1.99 (p, 
J = 5.7 Hz, 2H), 1.85 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 157.0, 138.3, 134.4, 129.5, 115.0, 114.5, 66.1, 
60.9, 35.9, 34.6, 32.1; HRMS (EI): Exact mass calcd for C13H19O2 (M+H)+: 207.1385, Found: 207.1374; 
MS (ESI): 207.28 (M+H)+; IR (NaCl): 3414.00, 3396.64, 1612.49, 1508.33, 1473.62, 1388.75, 
1240.23.

MeO

O

O

OHO
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1-(but-3-en-1-yl)-2-methoxybenzene (2h): Yield 24%. The obtained NMR data are 
in agreement with those previously reported in the literature.16 1H NMR (400 MHz, 
CDCl3) δ 7.21 – 7.10 (m, 2H), 6.91 – 6.83 (m, 2H), 5.88 (ddt, J = 16.9, 10.2, 6.6 Hz, 
1H), 5.08 – 4.93 (m, 2H), 3.82 (s, 3H), 2.74 – 2.67 (m, 2H), 2.38 – 2.30 (m, 2H); 13C 
NMR (100 MHz, CDCl3) δ 157.6, 138.9, 130.4, 130.0 (s), 127.2, 120.4, 114.6, 

110.4, 55.4, 34.0, 29.9.
5-(but-3-en-1-yl)benzo[d][1,3]dioxole (2j): Yield 10%. Colourless oil. The 
obtained NMR data are in agreement with those previously reported in the 
literature.13 1H NMR (400 MHz, CDCl3) δ 6.76 – 6.61 (m, 3H), 5.92 (s, 2H), 

5.91 – 5.78 (m, 1H), 5.07 – 4.94 (m, 2H), 2.65 – 2.61 (m, 2H), 2.38 – 2.28 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ 147.6, 145.7, 138.1, 135.9, 121.3, 115.1, 109.0, 108.2, 100.9, 35.9, 35.3.

2-(but-3-en-1-yl)thiophene (2l’): Yield 41%. Colourless oil. 1H NMR (400 
MHz, CDCl3) δ 7.17 – 7.12 (m, 1H), 6.94 – 6.90 (m, 1H), 6.88 – 6.85 (m, 
1H), 6.66 (d, J = 3.5 Hz, 1H), 6.60 (d, J = 3.5 Hz, 1H), 5.84 (ddt, J = 16.9, 
10.3, 6.6 Hz, 1H), 5.10 – 4.96 (m, 2H), 4.27 (s, 2H), 2.87 – 2.80 (m, 2H), 
2.43 – 2.34 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 143.8, 143.5, 140.9, 

137.6, 126.9, 125.3, 124.9, 124.2, 123.9, 115.5, 35.7, 30.6, 29.8; MS (ESI): 235.17 (M+H)+; IR (NaCl): 
307.68, 2976.16, 2922.16, 1639.49, 1487.12, 1431.18

4-(but-3-en-1-yl)-1,2-dimethoxybenzene (2m): Colourless oil. Yield 15%. 1H 
NMR (400 MHz, CDCl3) δ 6.84 – 6.66 (m, 3H), 5.86 (ddt, J = 17.0, 10.2, 6.6 
Hz, 1H), 5.14 – 4.93 (m, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 2.71 – 2.60 (m, 2H), 
2.40 – 2.33 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 148.8, 147.3, 138.2, 

134.6, 120.3, 115.0, 111.9, 111.3, 56.0, 55.9, 35.8, 35.1; HRMS (EI): Exact mass calcd for C12H17O2 
(M+H)+: 193.1229, Found: 193.1217; MS (ESI): 193.13 (M+Na)+; IR (NaCl): 3442.94, 2065.76, 
1637.56, 1516.05, 1463.97, 1261.45, 1234.44.

1-(hepta-1,6-dien-4-yl)-4-methoxybenzene (4): Colourless oil. 1H NMR 
(400 MHz, CDCl3) δ 7.10 – 7.04 (m, 2H), 6.86 – 6.81 (m, 2H), 5.66 (ddt, J = 
17.3, 10.1, 7.0 Hz, 2H), 5.00 – 4.89 (m, 4H), 3.78 (s, 3H), 2.72 – 2.62 (m, 
1H), 2.44 – 2.26 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 158.0, 137.1, 
136.8, 128.7, 116.1, 113.7, 55.3, 44.9, 40.6.

But-3-ene-1,1-diyldibenzene (9a): Colourless oil. Yield 96%. The obtained NMR 
data are in agreement with those previously reported in the literature.17 1H NMR 
(400 MHz, CDCl3) δ 7.31 – 7.21 (m, 8H), 7.20 – 7.13 (m, 2H), 5.72 (ddt, J = 17.1, 
10.2, 6.8 Hz, 1H), 5.07 – 4.91 (m, 2H), 4.00 (t, J = 7.9 Hz, 1H), 2.84 – 2.79 (m, 
2H); 13C NMR (100 MHz, CDCl3) δ 144.6, 137.0, 128.5, 128.1, 126.3, 116.4, 51.4, 

40.1.
1-methoxy-4-(1-phenylbut-3-en-1-yl)benzene (9b): Colourless oil. Yield 
94%. The obtained NMR data are in agreement with those previously 
reported in the literature.18 1H NMR (400 MHz, CDCl3) δ 7.30 – 7.12 (m, 
7H), 6.85 – 6.79 (m, 2H), 5.71 (ddt, J = 17.1, 10.2, 6.8 Hz, 1H), 5.07 – 4.90 
(m, 2H), 3.96 (t, J = 7.9 Hz, 1H), 3.76 (s, 3H), 2.78 (t, J = 7.3 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 158.1, 145.1, 137.1, 136.8, 129.0, 128.5, 128.0, 126.2, 116.3, 113.9, 55.3, 
50.5, 40.3.

MeO

OMe

O

O

S
S

MeO

MeO

MeO
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1-methyl-4-(1-phenylbut-3-en-1-yl)benzene (9c): Colourless oil. Yield 95%. 
The obtained NMR data are in agreement with those previously reported in 
the literature.18 1H NMR (400 MHz, CDCl3) δ 7.31 – 7.19 (m, 4H), 7.19 – 
7.05 (m, 5H), 5.72 (ddt, J = 17.1, 10.2, 6.8 Hz, 1H), 4.98 (ddd, J = 13.6, 11.2, 
1.1 Hz, 2H), 3.97 (t, J = 7.9 Hz, 1H), 2.79 (t, J = 7.3 Hz, 2H), 2.29 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 144.9, 141.6, 137.1, 135.8, 129.2, 128.5, 128.0, 128.0, 126.2, 116.3, 
51.0, 40.1, 21.1.

1-fluoro-4-(1-(4-methoxyphenyl)but-3-en-1-yl)benzene (9d): Yellow 
solid. Yield 84%. 1H NMR (400 MHz, CDCl3) δ 7.21 – 7.09 (m, 4H), 
6.99 – 6.91 (m, 2H), 6.85 – 6.80 (m, 2H), 5.75 – 5.63 (m, 1H), 5.07 – 
4.91 (m, 2H), 3.95 (t, J = 7.9 Hz, 1H), 3.77 (s, 3H), 2.78 – 2.72 (m, 2H); 
13C NMR (100 MHz, CDCl3) δ 161.4 (d, J = 244.1 Hz), 158.1, 140.7 (d, 

J = 3.2 Hz), 136.8, 136.6, 129.3 (d, J = 7.8 Hz), 128.9, 116.5, 115.2 (d, J = 21.0 Hz), 114.0, 55.3, 49.7, 
40.4; HRMS (EI): Exact mass calcd for C17H18OF (M+H)+: 257.1342; Found: 257.1344; MS (ESI): 
279.38 (M+Na)+; IR (NaCl): 3415.93. 1633.71, 1504.48, 1296.16, 1222.87. Melting point: 41-44 °C.

(1-ferrocenylbut-3-en-1-yl)benzene (9e): Orange solid. Yield 93%. 1H NMR (400 
MHz, CDCl3) δ 7.30 – 7.23 (m, 2H), 7.20 – 7.14 (m, 3H), 5.69 (ddt, J = 17.1, 10.1, 
7.0 Hz, 1H), 5.03 – 4.89 (m, 2H), 4.18 (dt, J = 2.4, 1.3 Hz, 1H), 4.10 (td, J = 2.4, 
1.3 Hz, 1H), 4.06 (s, 5H), 4.05 (td, J = 2.3, 1.2 Hz, 1H), 3.95 (dt, J = 2.5, 1.3 Hz, 
1H), 3.68 (dd, J = 10.3, 4.7 Hz, 1H), 2.88 – 2.80 (m, 1H), 2.66 – 2.56 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ 145.0, 137.2, 128.3, 128.1, 126.3, 116.0, 93.9, 68.7, 67.7 (d, J = 10.2 
Hz), 67.1 (d, J = 3.6 Hz), 46.4, 41.6; HRMS (EI): Exact mass calcd for C20H20Fe (M)+: 316.0914, 
Found: 316.0912; MS (ESI): 316.41 (M)+; IR (NaCl): 3450.65, 3070.68, 3022.45, 1489.05, 
1444.68, 1232.51, 1178.51, 1101.06, 1001.06; Melting point: 47-49 °C.

2-(1-phenylbut-3-en-1-yl)thiophene (9f): Yield 52%. The obtained NMR data are 
in agreement with those previously reported in the literature.19  1H NMR (400 
MHz, CDCl3) δ 7.34 – 7.16 (m, 5H), 7.12 (dt, J = 2.0, 0.9 Hz, 1H), 6.90 (dd, J = 
5.1, 3.5 Hz, 1H), 6.83 (dt, J = 3.2, 0.9 Hz, 1H), 5.72 (ddt, J = 17.0, 10.2, 6.9 Hz, 
1H), 5.09 – 4.93 (m, 2H), 4.22 (t, J = 7.8 Hz, 1H), 2.93 – 2.73 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 148.9, 144.1, 136.3, 128.6, 127.9, 126.8, 126.6, 124.1, 123.7, 116.9, 47.0, 41.7.

(1-cyclopropylbut-3-en-1-yl)benzene (9h): Yield 48%. Colourless oil. The obtained 
NMR data are in agreement with those previously reported in the literature.20 1H 
NMR (400 MHz, CDCl3) δ 7.36 – 7.25 (m, 2H), 7.23 – 7.16 (m, 3H), 5.80 – 5.67 (m, 
1H), 5.03 – 4.87 (m, 2H), 2.62 – 2.44 (m, 2H), 1.88 (dt, J = 11.3, 7.2 Hz, 1H), 1.07 – 
0.94 (m, 1H), 0.65 – 0.56 (m, 1H), 0.44 – 0.34 (m, 1H), 0.29 – 0.19 (m, 1H), 0.14 – 

0.03 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 145.3, 137.2, 128.3, 127.7, 126.1, 115.7, 51.1, 41.3, 
17.2, 5.8, 3.9.

1-bromo-3-(1-(4-methoxyphenyl)but-3-en-1-yl)benzene (9i): Colourless oil. 
Yield 94%. 1H NMR (400 MHz, CDCl3) δ 7.35 (s, 1H), 7.31 – 7.27 (m, 
1H), 7.16 – 7.09 (m, 4H), 6.86 – 6.80 (m, 2H), 5.68 (ddt, J = 17.0, 10.2, 6.8 
Hz, 1H), 5.06 – 4.92 (m, 2H), 3.92 (t, J = 7.9 Hz, 1H), 3.76 (s, 3H), 2.78 – 
2.72 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 158.25 (s), 147.47 (s), 136.52 
(s), 135.86 (s), 131.03 (s), 130.1, 129.3, 128.9, 126.7, 122.6, 116.7, 114.0, 

55.3, 50.2, 40.0; HRMS (EI): Exact mass calcd for C17H18O79Br (M+H)+: 317.0541, Found: 317.0565; 
MS (ESI): 317.65 (M+H)+; IR (NaCl): 3421.72, 3074.53, 2833.43, 1639.49, 1610.56, 1510.26, 
1473.62, 1249.87.
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Methyl 3-(1-(4-methoxyphenyl)but-3-en-1-yl)benzoate (9j): Colourless oil. 
Yield 97%. 1H NMR (400 MHz, CDCl3) δ 7.93 (t, J = 1.7 Hz, 1H), 7.85 (dt, J 
= 7.6, 1.5 Hz, 1H), 7.42 – 7.37 (m, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.17 – 7.12 
(m, 2H), 6.85 – 6.80 (m, 2H), 5.69 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.06 – 
4.92 (m, 2H), 4.02 (t, J = 7.9 Hz, 1H), 3.89 (s, 3H), 3.76 (s, 3H), 2.82 – 2.78 
(m, 2H); 13C NMR (100 MHz, CDCl3) δ 167.3, 158.2, 145.4, 136.6, 136.2, 

132.7, 130.4, 129.0, 128.9, 128.6, 127.6, 116.7, 114.0, 55.3, 52.2, 50.3, 40.1; HRMS (EI): Exact mass 
calcd for C19H21O3 (M+H)+: 297.1491, Found: 297.1515; MS (ESI): 297.23 (M+H)+; IR(NaCl): 
3427.51, 2999.31, 2949.16, 2927.94, 2061.90, 1720.50, 1610.56, 1510.26, 1435.04, 1280.73.

1-(but-3-en-1-yl)-2-(3,4-dimethoxybenzyl)-4,5-dimethoxybenzene (5): 
Yield 5%. Yellow oil. 1H NMR (400 MHz, C6D6) δ 6.75 – 6.58 (m, 5H), 
5.82 (ddt, J = 16.9, 10.1, 6.5 Hz, 1H), 5.09 – 4.94 (m, 2H), 3.91 (s, 2H), 
3.50 (s, 3H), 3.44 (s, 3H), 3.43 (s, 3H), 3.42 (s, 3H), 2.69 – 2.64 (m, 2H), 
2.25 (dt, J = 14.6, 7.2 Hz, 2H); 13C NMR (100 MHz, C6D6) δ 150.3, 148.9, 
148.7, 148.6, 138.6, 134.3, 132.7, 131.2, 121.0, 115.4, 115.0, 114.3, 113.3, 
112.6, 55.9 (2 C), 55.7, 55.6, 38.5, 35.8, 32.5; HRMS (EI): Exact mass 
calcd for C21H26O4Na (M+Na)+: 365.1729, Found: 365.1739; MS (ESI): 
365.41 (M+Na)+.

1-(but-3-en-1-yl)-2-(2-(3,4-dimethoxybenzyl)-4,5-dimethoxybenzyl)-4,5-
dimethoxybenzene (6): Yellow oil. Yield 4%. 1H NMR (400 MHz, CDCl3) 
δ 6.77 (d, J = 7.8 Hz, 1H), 6.70 (d, J = 1.2 Hz, 2H), 6.63 – 6.59 (m, 2H), 
6.46 (s, 1H), 6.41 (s, 1H), 5.76 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 4.99 – 
4.90 (m, 2H), 3.89 – 3.78 (m, 16H), 3.71 (s, 3H), 3.70 (s, 3H), 2.52 (dd, J = 
9.1, 6.7 Hz, 2H), 2.25 – 2.14 (m, 2H); ); 13C NMR (100 MHz, CDCl3) δ 
149.0, 147.5, 147.4, 147.3, 147.3, 147.2, 138.2, 133.4, 132.4, 131.3, 131.1, 
130.2, 120.6, 115.0, 113.9, 113.3, 113.3, 112.8, 112.0, 111.3, 56.1, 56.0 (2 
C), 56.0 (2 C), 55.9, 38.4, 35.1 (2 C), 32.2; HRMS (EI): Exact mass calcd 
for C30H36O6Na (M+Na)+: 515.2410, Found: 515.2403; MS (ESI): 515.63 
(M+Na)+.

1-(but-3-en-1-yl)-2-(2-(2-(3,4-dimethoxybenzyl)-4,5-
dimethoxybenzyl)-4,5-dimethoxybenzyl)-4,5-dimethoxy 
benzene (7): Yellow oil. Yield 5%. 1H NMR (400 MHz, 
CDCl3) δ 6.72 (d, J = 8.1 Hz, 1H), 6.68 (s, 2H), 6.60 – 6.52 (m, 
2H), 6.51 – 6.43 (m, 3H), 6.39 (s, 1H), 5.74 (ddt, J = 16.9, 10.3, 
6.6 Hz, 1H), 4.98 – 4.89 (m, 2H), 3.87 (s, 3H), 3.84 – 3.65 (m, 
27H), 2.51 – 2.46 (m, 2H), 2.22 – 2.13 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ 149.0, 147.6, 147.4, 147.4, 147.4, 147.4, 147.3, 
147.2, 138.1, 133.2, 132.4, 131.3, 131.3, 130.9, 130.8, 130.0, 
120.6, 115.1, 113.9, 113.4, 113.2, 113.2, 113.1, 112.8, 112.0, 
111.2, 56.1, 56.1, 56.0 (2 C), 56.0, 56.0, 56.0, 55.9, 38.4, 35.4, 
35.1, 35.0, 32.2; HRMS (EI): Exact mass calcd for C39H46O8Na 
(M+Na)+: 665.3090, Found: 665.3082; MS (ESI): 665.81  

(M+Na)+.
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