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General information:

All glassware was thoroughly oven-dried. Chemicals and solvents were either purchased from 

commercial suppliers or purified by standard techniques. Analytical thin-layer chromatography was 

performed with 0.20 mm coated commercial silica gel plates (TLC Silica Gel 60 F254); visualization of 

the developed chromatogram was performed by fluorescence. Flash chromatography was performed 

with silica gel (200-300 mesh). Proton nuclear magnetic resonance (1H NMR) data were acquired at 

400 MHz on a Bruker AM-40 spectrometer. Chemical shifts are reported in delta (δ) units, in parts per 

million (ppm) downfield from TMS scale. Splitting patterns are designated as s, singlet; d, doublet; t, 

triplet; m, multiplet. Coupling constants J are quoted in Hz. Data for 13C NMR are reported as chemical 

shift. HRMS were performed on a Bruker Apex II mass instrument (ESI).
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1. Optimization of reaction conditions

Table S1 Optimized reaction conditions for 1-(2,4-dimethoxyphenyl) cyclobutan-1-ol 1 

entry PC

(2.5 mol%)

Ni catalyst base

(1.0 eq)

solvent yield (%)a,b

1 PC1 NiCl2·glyme PBu4
+(MeO)2POO- MeCN 44

2 PC2 NiCl2·glyme PBu4
+(MeO)2POO- MeCN 

toluene

10

3 PC3 NiCl2·glyme PBu4
+(MeO)2POO- MeCN trace

4 PC4 NiCl2·glyme PBu4
+(MeO)2POO- MeCN 23

5 PC5 NiCl2·glyme PBu4
+(MeO)2POO- MeCN 40

6 PC6

4CzIPN

NiCl2·glyme PBu4
+(MeO)2POO- MeCN 37

7 Acr+-Mes·ClO4
-

CzIPN

NiCl2·glyme PBu4
+(MeO)2POO- MeCN trace

8 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- MeCN 91

9c 4CzIPN Catalyst A PBu4
+(MeO)2POO- MeCN 14

10c 4CzIPN Catalyst B PBu4
+(MeO)2POO- MeCN 16

11c 4CzIPN Catalyst C PBu4
+(MeO)2POO- MeCN 16

12c 4CzIPN Catalyst D PBu4
+(MeO)2POO- MeCN 12

13 4CzIPN Ni(COD)2 PBu4
+(MeO)2POO- MeCN 18

14d 4CzIPN NiCl2·glyme collidine MeCN 12

15 d Acr+-Mes·ClO4
-

CzIPN

NiCl2·glyme collidine MeCN 0

16d 4CzIPN NiCl2·glyme 2,6-lutidine MeCN trace

17 4CzIPN NiCl2·glyme PBu4
+ CF3COO- MeCN 36

18 4CzIPN NiCl2·glyme PBu4
+(PhO)2POO- MeCN 54

19 4CzIPN NiCl2·glyme NBu4
+(MeO)2POO- MeCN 66

20 4CzIPN NiCl2·glyme K2CO3 MeCN 20

21 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- toluene 67

22 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- dixoane 16

23 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- THF 0

24 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- PhCl 35

25 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- DCE trace

26 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- MeNO2 25

27e 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- MeCN 83

28f 4CzIPN NiCl2·glyme PBu4
+(MeO)2POO- MeCN 0

29 4CzIPN - PBu4
+(MeO)2POO- MeCN 0

+

PC (2 mol%)
Ni catalyst (10 mol%)

DMP

O

HO

DMP

base (1.0 equiv), solvent
r.t., 24 h, white LEDs

4 4

1 2 3
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aConditions: 1 (0.2 mmol, 2.0 equiv.), 2 (0.1 mmol, 1.0 equiv), photocatalyst (0.002 mmol, 2 mol%), 
Ni catalyst (0.01 mmol, 10 mol%), ligand (0.012 mmol, 12 mol%), base (0.1 mmol, 1.0 equiv), solvent 
(1.0 mL) at r.t. under the irradiation of 30 W white LEDs. bIsolated yields. cWithout dtbbpy. dBase (0.3 
mmol, 3.0 equiv). e18 W blue LEDs. fNo light. DMP = 2,4-Dimethoxyphenyl. 

Scheme S1. The screen of photocatalysts and Ni catalysts
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2. General procedure for the synthesis of product 

+

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

R2 R

O

HO

R

R2
PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

R1
R1

Substrate cycloalkanols (0.2 mmol) and alkynes (0.1 mmol) were added to a mixture of 

photocatalyst 4CzIPN (2 mol%), NiCl2·glyme (10 mol%), dtbbpy (12 mol%), PBu4
+(MeO)2POO- (1.0 

equiv) in dry MeCN (1.0 mL) in a 10 mL glass vial equipped with a magnetic stir bar and a nitrogen 

inlet. The mixture was degassed by three cycles of freeze-pump-thaw and then placed in the irradiation 

30 4CzIPN NiCl2·glyme - MeCN trace



S6

apparatus equipped with 30 W white LEDs. The resulting mixture was stirred at 25 °C until the starting 

material was completely consumed after 12-36 h. Upon completion of the reaction, the reaction 

mixture was evaporated under reduced pressure, and the resulting crude mixture was purified by 

column chromatography (silica gel, EtOAc/petroleum ether = 1:20-1:4) to give the corresponding 

alkenyl ketones derivatives.

Scheme S2. Unsuccessful examples.

+ R2 R

O

HO

R

R2
Standard condition



HO
HO

S

HO

MeO OMe

Ph HO

OMeMeO

Ph Bpin

MeO

OMeOH

R1
R1

Multiple isomer mixtures

HO

MeO OMe
OH

MeO OMe

n n

We also tested an unsymmetric internal alkyne, however, the unsymmetric hex-2-yne gave a variety of 

isomeric products, which were E isomeric products as analyzed from the NMR spectra.

HO

OMeMeO
1

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

OO

O

OO

O
1.5 : 1

O CH3O

O

O
CH3

O

O
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3. Procedure for gram-scale experiment

+

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

1 2 3, 86%

DMP

O

HO

DMP

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

4 4

A mixture of cycloalkanol 1 (7 mmol), alkyne 2 (3.5 mmol), 4CzIPN (2 mol%), NiCl2·glyme (10 

mol%), dtbbpy (12 mol%), PBu4
+(MeO)2POO- (1.0 equiv) and MeCN (35 mL) was degassed by three 

cycles of freeze-pump-thaw. The mixture was stirred under nitrogen atmosphere at room temperature 

while irradiated by white LEDs for 72 hours. After completion of the reaction, the reaction mixture was 

concentrated under reduced pressure, and the crude mixture was purified by flash column 

chromatography (silica gel, EtOAc/petroleum ether = 1:20) to furnish the desired product 3 as 

described.

4. The synthesis of δ,ε-unsaturated oximes 34 

DMP

O NH2OHHCl (1.6 equiv)
NaOAc (2.0 equiv)

80% aq. EtOH
r.t. to reflux

4

3

DMP

N

4

34, 93% yield

OH

A suspension of hydroxylamine hydrochloride (1.6 equiv), and NaOAc (2.0 equiv) in 80% aqueous 

EtOH (20 mL) was stirred at room temperature for 30 min. To this solution, corresponding 3 (1.0 

equiv) was added and the reaction mixture was heated gently to reflux for 1 h. After the completion of 

reaction by TLC, the reaction mass was cooled to r.t. followed by removal of excess ethanol under 

vacuum. The obtained residue was purified by column chromatography with hexane-ethyl acetate as 

eluent to obtain crystalline oximes 34 in quantitative yield.3

5. The Suzuki-Miyaura reaction between 3 with aryl boride

DMP

O Pd(OAc)2 (10 mol%)
Na2CO3 (2.0 equiv)

DMF, O2, 50 oC4

3

DMP

O

4

35, 73% yield

PhB(OH)2
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3 (1 equiv.) was dissolved in DMF (0.2 M solution), and stirred at room temperature. To the clear 

solution, was added phenylboronic acid (1.2 equiv) followed by a single addition of Na2CO3 (2.0 

equiv) and Pd(OAc)2 (0.1 equiv). The reaction flask was fitted with an oxygen balloon, heated to 50 

°C, and stirred for 3 h. The mixture was then diluted with ethyl acetate (10 mL), and washed with 

aqueous NaCl solution (3 x 5 mL). The organic layer was dried over anhydrous Na2SO4 and filtered. 

The filtrate was concentrated in vacuo, and flash chromatographed to afforded 35.4

6. Mechanism studies

6.1 Stern-Volmer fluorescence quenching experiments

Stern-Volmer fluorescence quenching experiments were run with freshly prepared solution of 3 x 

10–4 M solution of 4CzIPN in dry MeCN added the appropriate amount of a quencher in a screw-top 

quartz cuvette at room temperature. The solutions were irradiated at 393 nm and fluorescence was 

measured from 460 nm to 720 nm. After degassing the sample with a stream of N2 for 10 minutes, the 

emission of the sample was collected.

Figure S1. Fluorescence spectra of a 10–4 M solution of 4CzIPN in dry MeCN containing 0 M, 0.0018 

M, 0.006 M, 0.018M, 0.036M and 0.054 M of alcohol 1 under 6.0 mM base.



S9

Figure S2. Fluorescence spectra of a 1 × 10–4 M solution of 4CzIPN in dry MeCN containing 0 M, 

0.0018 M, 0.006 M, 0.018M, 0.036M and 0.054 M of alcohol 1.

Figure S3. Fluorescence spectra of a 1 × 10–4 M solution of 4CzIPN in dry MeCN containing 0 M, 

0.0018 M, 0.006 M, 0.018M, 0.036M and 0.054 M of base under 12.0 mM alcohol 1.

Figure S4. Fluorescence spectra of a 1 × 10–4 M solution of 4CzIPN in dry MeCN containing 0 M, 

0.0018 M, 0.006 M, 0.018M, 0.036M and 0.054 M of base.
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Figure S5. Stern-Volmer plots of quenching of 4CzIPN with base and alcohol 1 in MeCN at 25 °C

6.2 Radical trapping experiment.

+ DMP

OHO DMP
4CzIPN (2 mol%)

NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
TEMPO (2.0 equiv)

MeCN, r.t., 36 h, white LEDs

44

1 2 3, 0% yield

DMP

O
O
N

HRMS (ESI) for C21H34NO4
[M+H]+ calcd. 364.2482,

found 364.2481.

Cycloalkanol 1 (0.2 mmol), 2 (0.1 mmol), 4CzIPN (2 mol%), NiCl2·glyme (10 mol%), dtbbpy (12 

mol%), PBu4
+(MeO)2POO- (1.0 equiv), TEMPO (0.2 mmol, 2 equiv) and MeCN (1.0 mL) was 

degassed by three cycles of freeze-pump-thaw. The mixture was stirred under nitrogen atmosphere at 

room temperature while irradiated by white LEDs for 36 hours. The reaction was completely 

inhibited and the ring-opened alkyl radical was trapped by TEMPO.

Figure S6. HRMS detection TEMPO trap radical experiment.

6.3 Radical clock experiments.

Substrate cycloalkanols 1 (0.2 mmol) and alkenylcyclopropane 36 (0.1 mmol) or N-Boc diallylamine 
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(Boc, t-butyloxycarbonyl) 37 were added to a mixture of photocatalyst 4CzIPN (2 mol%), NiCl2·glyme 

(10 mol%), dtbbpy (12 mol%), PBu4
+(MeO)2POO- (1.0 equiv) in dry MeCN (1.0 mL) in a 10 mL glass 

vial equipped with a magnetic stir bar and a nitrogen inlet. The mixture was degassed by three cycles of 

freeze-pump-thaw and then placed in the irradiation apparatus equipped with 30 W white LEDs. The 

resulting mixture was stirred at 25 °C until the starting material was completely consumed after 12-36 

h. The alkyl radical from the substrate 1 were trapped by alkenylcyclopropane 36 and N-Boc 

diallylamine 37.

+

HO DMP

1

O

DMP
Ph

HRMS (ESI) for C23H28NaO3
[M+Na]+ calcd. 375.1936,

found 375.1936.

36

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

Figure S7. HRMS detection alkenylcyclopropane trap radical experiment.

+

HO DMP

1

O

DMP
N
Boc NBoc

HRMS (ESI) for C23H35NNaO5
[M+Na]+ calcd. 428.2413,

found 428.2413.

37

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

Figure S8. HRMS detection N-Boc diallylamine trap radical experiment.
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6.4 Deuteration experiments.

Cycloalkanol 1 (0.2 mmol), Phenylacetylene or (ethynyl-d)benzene (0.1 mmol), 4CzIPN (2 mol%), 

NiCl2·glyme (10 mol%), dtbbpy (12 mol%), PBu4
+(MeO)2POO- (1.0 equiv), solvent (1.0 mL) was 

degassed by three cycles of freeze-pump-thaw. The mixture was stirred under nitrogen atmosphere at 

room temperature while irradiated by white LEDs for 36 hours.

HO

OMeMeO

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
Acetonitrile-D3, r.t., 36 h, white LEDs

MeO

OMe O

DO

OMeMeO

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs

MeO

OMe O

HO

OMeMeO

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
D2O (20 L), MeCN, r.t., 36 h, white LEDs MeO

OMe O

1 18, 70%

18, 23%

1

D D18%16%

1

18'

HO

OMeMeO

4CzIPN (2 mol%)
NiCl2glyme (10 mol%)
dtbbpy (12 mol%)

PBu4+(MeO)2POO- (1.0 equiv)
MeCN, r.t., 36 h, white LEDs MeO

OMe O

1

D D 44%56%

18''

D

We added deuterated acetonitrile as solvent to the reaction system, the product was not deuterated. 

When the deuterated substrate 1' was added to the reaction mixture, the tethered alkyl radical was 

captured to the non-deuterated product in 23% yield. This result demonstrated that the deuterated 

substrate was detrimental to the PCET process. We then speculated that the hydrogen might come 

from the water in the system because of the large amount of water present in the preparation of the 

base. Furthermore, we could obtain a small amount of the deuterium product 18' by adding 20 μL of 

deuterium water to the reaction system, and the reaction was inhibited by the addition of 0.1 mL of 

deuterium water. The experiment results showed that the hydrogen in the product terminal alkenyl 

ketones came from the trace amount of water in the system. 

When deuterated phenylacetylene was tested in the reaction, deuterium product 18'' was obtained, 

which suggested that the Markovnikov regioselectivity of Ni-alkyl insertion step depends on the 

space between the alkyl group and the alkyne.
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Figure S9. Deuterium spectrum of the substrate 1'.

Figure S10. Deuterium spectrum of the substrate 18'. 

HO

OMeMeO
1

DO

OMeMeO
1

MeO

OMe O
D D 18%16%

18
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Figure S11. Deuterium spectrum of the substrate 18''.

6.5 Computational experiment 

Quantum mechanical calculations were performed using Gaussian16 C.01 software package.1 All 

geometries and frequency analysis were calculated under M06-2X/6-31+G(d,p) level of theory with 

SMD (acetonitrile) implicit solvation model.2

Figure S12. Comparison of the vertical excitation energies (ΔE in kcal/mol) of cycloalkanols and 

bases. 

The calculated results showed that the rich electricity of aromatic cations and weak Brønsted 

phosphorous salt base are significant to the PCET process. The lowest energy pathway for aromatic 

radical cation formation required an electron transfer (ET) from the photocatalyst to the substrate 

MeO

OMe O

18''

D D
56% 44%
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acceptor, where the complex of aromatic cycloalkanols and the phosphoric base (DMP-2 or PMP-2) 

had a more favorable vertical excitation energy (ΔE = 134.7 or 137.4 kcal/mol) compared to 1 or 38. 

Meanwhile, the more electron-rich alkyl-aromatic (DMP-2) was expected to present a remarkably 

lower activation barrier. 

7. Characterization of products

1-(2,4-dimethoxyphenyl)-5-methylenedecan-1-one (3)

Pale yellow oil; 27 mg, 91% yield; 1H NMR (400 MHz, 

CDCl3) δ 7.79 (d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 2.1 Hz, 

1H), 6.45 (d, J = 1.8 Hz, 1H), 4.72 (s, 2H), 3.88 (s, 3H), 3.85 (s, 

3H), 2.94 (t, J = 7.4 Hz, 2H), 2.04 (dt, J = 24.6, 7.6 Hz, 4H), 1.85 – 1.73 (m, 2H), 1.47 – 1.36 (m, 2H), 

1.32 – 1.24 (m, 4H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 200.7, 164.2, 160.6, 

149.8, 132.6, 121.3, 108.9, 104.9, 98.4, 55.5, 55.5, 43.3, 35.9, 35.7, 31.7, 27.5, 22.7, 22.6, 14.1. HRMS 

(ESI) m/z calculated for C19H28NaO3 [M+Na]+ 327.1936, found 327.1931.

1-(2,4-dimethoxyphenyl)-5-methyleneundecan-1-one (4)

Pale yellow oil; 28 mg, 89% yield; 1H NMR (400 MHz, 

CDCl3) δ 7.79 (d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 1.7 Hz, 

1H), 6.45 (d, J = 1.5 Hz, 1H), 4.72 (s, 2H), 3.88 (s, 3H), 3.85 

(s, 3H), 2.94 (t, J = 7.4 Hz, 2H), 2.04 (dt, J = 23.6, 7.5 Hz, 4H), 1.91 – 1.71 (m, 2H), 1.40 (d, J = 7.0 

Hz, 2H), 1.27 (s, 6H), 0.88 (t, J = 6.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 200.7, 164.2, 160.6, 

149.8, 132.6, 121.3, 108.9, 105.0, 98.3, 55.5, 55.4, 43.3, 36.0, 35.7, 31.8, 29.2, 27.8, 22.7, 22.7, 14.2. 

HRMS (ESI) m/z calculated for C20H30NaO3 [M+Na]+ 341.2087, found 341.2087.

1-(2,4-dimethoxyphenyl)-5-methylene-7-phenylheptan-1-one (5)

Colorless oil; 28 mg, 83% yield; 1H NMR (400 MHz, CDCl3) δ 

7.79 (d, J = 8.7 Hz, 1H), 7.27 – 7.25 (m, 2H), 7.19 (d, J = 7.7 

Hz, 3H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.45 (d, J = 2.3 Hz, 1H), 

4.78 (s, 2H), 3.87 (s, 3H), 3.85 (s, 3H), 2.95 (t, J = 7.4 Hz, 2H), 2.77 – 2.72 (m, 2H), 2.34 (d, J = 8.6 

O

MeO OMe

O

MeO OMe

O

MeO OMe
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Hz, 2H), 2.15 – 2.09 (m, 2H), 1.88 – 1.80 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.5, 164.2, 

160.6, 148.9, 142.3, 132.6, 128.3, 128.3, 125.7, 121.4, 109.6, 105.0, 98.4, 55.5, 55.4, 43.2, 37.8, 35.9, 

34.4, 22.7. HRMS (ESI) m/z calculated for C22H26NaO3[M+Na]+ 361.1774, found 361.1781.

1-(2,4-dimethoxyphenyl)-6,6-dimethyl-5-methyleneheptan-1-one (6)

Colorless oil; 18 mg, 63% yield; 1H NMR (400 MHz, CDCl3) δ 7.77 

(d, J = 8.7 Hz, 1H), 6.50 (dd, J = 8.7, 2.2 Hz, 1H), 6.43 (d, J = 2.2 Hz, 

1H), 4.85 (s, 1H), 4.71 (d, J = 1.0 Hz, 1H), 3.86 (s, 3H), 3.83 (s, 3H), 

2.95 (t, J = 7.3 Hz, 2H), 2.14 – 2.00 (m, 2H), 1.87 – 1.75 (m, 2H), 1.03 (s, 9H). 13C NMR (100 MHz, 

CDCl3) δ 200.7, 164.2, 160.6, 157.7, 132.6, 121.4, 106.1, 105.0, 98.4, 55.5, 55.5, 43.6, 36.2, 31.0, 

29.2, 24.3. HRMS (ESI) m/z calculated for C18H26NaO3[M+Na]+ 313.1774, found 313.1779.

5-cyclohexyl-1-(2,4-dimethoxyphenyl)hex-5-en-1-one (7)

Yellow oil; 22 mg, 70% yield; 1H NMR (400 MHz, CDCl3) δ 7.78 

(d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 2.2 Hz, 1H), 6.45 (d, J = 2.2 

Hz, 1H), 4.71 (d, J = 6.8 Hz, 2H), 3.88 (s, 3H), 3.85 (s, 3H), 2.94 (t, J = 8.0 Hz, 2H), 2.11 – 2.05 (m, 

2H), 1.83 – 1.74 (m, 6H), 1.70 – 1.64 (m, 2H), 1.58 (s, 1H), 1.29 – 1.25 (m, 2H), 1.18 – 1.13 (m, 

2H).13C NMR (100 MHz, CDCl3) δ 200.7, 164.2, 160.6, 155.0, 132.6, 121.4, 107.1, 105.0, 98.4, 55.5, 

55.5, 44.0, 43.4, 34.7, 32.5, 26.8, 26.4, 23.2. HRMS (ESI) m/z calculated for C20H28NaO3 [M+Na]+ 

339.1931, found 339.1938.

5-cyclopropyl-1-(2,4-dimethoxyphenyl)hex-5-en-1-one (8)

Pale yellow oil, 22 mg, 81% yield; 1H NMR (400 MHz, CDCl3) δ 7.79 

(d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.45 (d, J = 2.2 Hz, 

1H), 4.63 (t, J = 4.0 Hz, 2H), 3.88 (s, 3H), 3.85 (s, 3H), 2.95 (t, J = 7.4 Hz, 2H), 2.13 – 2.04 (m, 2H), 

1.93 – 1.83 (m, 2H), 1.31 – 1.25 (m, 1H), 0.66 – 0.57 (m, 2H), 0.47 – 0.39 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ 200.6, 164.2, 160.6, 150.7, 132.6, 121.4, 106.3, 105.0, 98.4, 55.5, 55.4, 43.2, 35.6, 

23.1, 16.0, 6.1. HRMS (ESI) m/z calculated for C17H22NaO3 [M+Na]+ 297.1467, found 297.1462.

8-chloro-1-(2,4-dimethoxyphenyl)-5-methyleneoctan-1-one (9)

O
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Colorless oil; 24 mg, 79% yield; 1H NMR (400 MHz, CDCl3) δ 

7.79 (d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.45 (d, J 

= 2.3 Hz, 1H), 4.79 (s, 1H), 4.77 (s, 1H),3.88 (s, 3H), 3.85 (s, 

3H), 3.53 (t, J = 6.7 Hz, 2H), 2.94 (t, J = 7.3 Hz, 2H), 2.17 (t, J = 7.5 Hz, 2H), 2.11 – 2.02 (m, 2H), 

1.96 – 1.86 (m, 2H), 1.86 – 1.77 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.4, 164.3, 160.7, 147.7, 

132.6, 121.3, 110.2, 105.1, 98.4, 55.5, 55.5, 44.6, 43.1, 35.6, 33.0, 30.6, 22.6. HRMS (ESI) m/z 

calculated for C17H23ClNaO3 [M+Na]+ 333.1228, found 333.1233.

1-(2,4-dimethoxyphenyl)-5-(phenoxymethyl)hex-5-en-1-one (10)

Colorless oil; 25 mg, 73% yield; 1H NMR (400 MHz, CDCl3) δ 

7.79 (d, J = 8.7 Hz, 1H), 7.26 (t, J = 8.0 Hz, 2H), 6.92 (t, J = 9.6 Hz, 

3H), 6.51 (dd, J = 8.7, 2.0 Hz, 1H), 6.44 (d, J = 1.8 Hz, 1H), 5.16 (s, 

1H), 5.02 (s, 1H), 4.47 (s, 2H), 3.85 (s, 3H), 3.84 (s, 3H), 2.98 (t, J = 7.3 Hz, 2H), 2.21 (t, J = 7.6 Hz, 

2H), 1.90 (dd, J = 15.1, 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.2, 164.3, 160.7, 158.8, 144.6, 

132.6, 129.4, 121.3, 120.8, 114.8, 112.2, 105.1, 98.4, 70.7, 55.5, 55.5, 43.1, 32.8, 22.5. HRMS (ESI) 

m/z calculated for C21H24NaO4 [M+Na]+ 363.1567, found 363.1573.

Tert-butyl 4-(6-(2,4-dimethoxyphenyl)-6-oxohex-1-en-2-yl)piperidine-1-carboxylate (11)

Colorless oil; 32 mg, 76% yield; 1H NMR (400 MHz, CDCl3) δ 

7.79 (d, J = 8.7 Hz, 1H), 6.53 (dd, J = 8.7, 2.3 Hz, 1H), 6.46 (d, 

J = 2.2 Hz, 1H), 4.76 (d, J = 10.2 Hz, 2H), 4.15 (d, J = 8.6 Hz, 

2H), 3.88 (s, 3H), 3.85 (s, 3H), 2.95 (t, J = 7.3 Hz, 2H), 2.68 (t, J = 12.7 Hz, 2H), 2.12 – 2.05 (m, 2H), 

2.05 – 1.95 (m, 1H), 1.88 – 1.77 (m, 2H), 1.70 (d, J = 13.1 Hz, 2H), 1.46 (s, 9H), 1.39 – 1.29 (m, 2H). 

13C NMR (100 MHz, CDCl3) δ 200.4, 164.3, 160.7, 154.8, 152.8, 132.6, 121.3, 108.2, 105.1, 98.4, 

79.3, 55.5, 55.4, 44.3, 43.2, 42.0, 34.4, 31.3, 28.5, 23.0. HRMS (ESI) m/z calculated for C24H35NNaO5 

[M+Na]+ 440.2407, found 440.2414.

Tert-butyl (6-(2,4-dimethoxyphenyl)-2-methylene-6-oxohexyl)carbamate (12) 

Pale yellow oil; 20 mg, 56% yield; 1H NMR (400 MHz, CDCl3) δ 

7.78 (d, J = 8.7 Hz, 1H), 6.52 (d, J = 8.7 Hz, 1H), 6.45 (s, 1H), 
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4.87 (d, J = 18.4 Hz, 2H), 4.69 (s, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.70 (d, J = 5.1 Hz, 2H), 2.95 (t, J = 

7.2 Hz, 2H), 2.08 (t, J = 7.6 Hz, 2H), 1.88 – 1.80 (m, 2H), 1.45 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 

200.3, 164.3, 160.7, 155.9, 146.2, 132.6, 121.2, 109.8, 105.1, 98.4, 79.2, 55.5, 55.5, 45.19, 43.0, 33.5, 

28.4, 22.4. HRMS (ESI) m/z calculated for C20H29NNaO5 [M+Na]+ 386.1938, found 386.1949.

5-butyl-1-(2,4-dimethoxyphenyl)dec-5-en-1-one (13)

Colorless oil; 22 mg, 64% yield; 1H NMR (400 MHz, CDCl3) δ 

7.78 (d, J = 8.7 Hz, 1H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.45 (d, J = 

2.2 Hz, 1H), 5.11 (t, J = 7.1 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 

2.94 – 2.84 (m, 2H), 2.05 – 1.96 (m, 6H), 1.79 – 1.71 (m, 2H), 1.34 – 1.26 (m, 8H), 0.92 – 0.86 (m, 

6H). 13C NMR (100 MHz, CDCl3) δ 200.9, 164.1, 160.6, 138.9, 132.6, 125.4, 121.5, 105.0, 98.4, 55.5, 

55.4, 43.3, 36.6, 32.4, 30.7, 29.6, 27.4, 23.1, 22.9, 22.4, 14.1, 14.1. HRMS (ESI) m/z calculated for 

C22H34NaO3 [M+Na]+ 369.2406, found 369.2402.

(8R,9S,10R,13S,14S,17R)-17-(6-(2,4-dimethoxyphenyl)-6-oxohex-1-en-2-yl)-13-ethyl-17-hydroxy-

1,2,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-3H-cyclopenta[a]phenanthren-3-one (14)

White solid; 35 mg, 67% yield; m.p. 165-167 oC; 1H NMR 

(400 MHz, CDCl3) δ 7.80 (d, J = 8.7 Hz, 1H), 6.52 (dd, J 

= 8.7, 2.0 Hz, 1H), 6.45 (d, J = 1.9 Hz, 1H), 5.80 (s, 1H), 

4.99 (s, 1H), 4.69 (s, 1H), 3.88 (s, 3H), 3.84 (s, 3H), 3.00 

(t, J = 6.7 Hz, 2H), 2.49 – 2.42 (m, 2H), 2.36 (t, J = 8.8 

Hz, 1H), 2.30 – 2.19 (m, 4H), 2.13 – 1.97 (m, 4H), 1.96 – 1.89 (m, 2H), 1.86 – 1.78 (m, 2H), 1.74 (dd, 

J = 13.3, 3.3 Hz, 1H), 1.60 (dt, J = 14.2, 7.0 Hz, 2H), 1.53 – 1.45 (m, 2H), 1.43 (d, J = 8.1 Hz, 1H), 

1.38 (d, J = 8.7 Hz, 2H), 1.08 (t, J = 7.3 Hz, 3H), 1.01 (d, J = 14.4 Hz, 1H), 0.82 – 0.70 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 200.7, 199.9, 166.9, 164.3, 160.8, 154.3, 132.7, 124.5, 121.2, 111.6, 105.1, 

98.3, 89.5, 55.5, 55.4, 48.9, 48.8, 47.9, 43.6, 43.3, 42.5, 41.1, 38.5, 36.5, 35.6, 33.1, 30.8, 29.6, 26.5, 

24.8, 23.0, 20.5, 9.9. HRMS (ESI) m/z calculated for C33H44NaO5 [M+Na]+ 543.3086, found 

543.3086.

1-(2,4-dimethoxyphenyl)-2-((2-methyleneheptyl)oxy)ethan-1-one (15)
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Pale yellow oil; 15 mg, 50% yield; 1H NMR (400 MHz, CDCl3) 

δ 7.97 (d, J = 8.7 Hz, 1H), 6.61 – 6.52 (m, 1H), 6.44 (d, J = 1.7 

Hz, 1H), 5.04 (s, 1H), 4.92 (s, 1H), 4.63 (s, 2H), 4.07 (s, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 2.08 (t, J = 7.5 

Hz, 2H), 1.62 (d, J = 4.2 Hz, 1H), 1.51 – 1.41 (m, 2H), 1.30 (d, J = 3.2 Hz, 3H), 0.89 (t, J = 6.7 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 195.9, 164.9, 161.1, 146.2, 132.9, 118.8, 111.5, 105.5, 98.1, 76.3, 

74.2, 55.6, 55.5, 33.1, 31.6, 27.3, 22.6, 14.1. HRMS (ESI) m/z calculated for C18H26NaO4 [M+Na]+ 

329.1723, found 329.1723.

tert-butyl (3-(2,4-dimethoxyphenyl)-3-oxopropyl)(2-methyleneheptyl)carbamate (16)

Pale yellow oil; 36 mg, 86% yield; 1H NMR (400 MHz, 

CDCl3) δ 7.81 (t, J = 8.7 Hz, 1H), 6.52 (t, J = 7.6 Hz, 1H), 

6.45 (d, J = 4.5 Hz, 1H), 4.81 (dd, J = 18.2, 9.7 Hz, 2H), 3.85 (m, 8H), 3.52 (dd, J = 17.7, 6.9 Hz, 2H), 

3.27 – 3.15 (m, 2H), 1.99 – 1.92 (m, 2H), 1.44 (s, 11H), 1.29 (t, J = 12.5 Hz, 4H), 0.88 (d, J = 6.6 Hz, 

3H). 13C NMR (100 MHz, CDCl3) 1δ 198.5, 164.6, 160.9, 155.8, 145.6, 132.7, 120.7, 110.3, 105.1, 

98.3, 79.3, 55.5, 55.4, 52.3, 51.5, 42.5, 33.5, 31.7, 28.4, 27.3, 22.6, 14.1. HRMS (ESI) m/z calculated 

for C24H37NNaO5 [M+Na]+ 442.2569, found 442.2567.

tert-butyl (4-(2,4-dimethoxyphenyl)-4-oxobutyl)(2-methyleneheptyl)carbamate (17)

Colorless oil; 34 mg, 78% yield; 1H NMR (400 MHz, 

CDCl3) δ 7.80 (d, J = 8.4 Hz, 1H), 6.52 (d, J = 8.6 Hz, 1H), 

6.45 (s, 1H), 4.82 (s, 1H), 4.77 (s, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.80 (d, J = 21.4 Hz, 2H), 3.28 – 3.14 

(m, 2H), 2.93 (t, J = 7.0 Hz, 2H), 1.98 – 1.92 (m, 2H), 1.87 (dd, J = 12.4, 5.4 Hz, 2H), 1.43 (s, 11H), 

1.29 (dd, J = 15.2, 7.5 Hz, 4H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.5, 164.3, 

160.6, 155.9, 145.6, 132.6, 121.0, 110.1, 105.1, 98.3, 79.2, 55.5, 55.4, 51.1, 50.8, 45.6, 40.9, 33.5, 31.6, 

28.4, 27.5, 22.5, 14.0. HRMS (ESI) m/z calculated for C25H39NNaO5 [M+Na]+ 456.2720, found 

456.2727.

1-(2,4-dimethoxyphenyl)-5-phenylhex-5-en-1-one (18)

Pale yellow oil; 22 mg, 71% yield; 1H NMR (400 MHz, CDCl3) δ 

7.77 (d, J = 8.7 Hz, 1H), 7.44 – 7.40 (m, 2H), 7.35 – 7.28 (m, 2H), 
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7.26 (dd, J = 4.4, 2.8 Hz, 1H), 6.51 (dd, J = 8.7, 2.3 Hz, 1H), 6.43 (d, J = 2.3 Hz, 1H), 5.29 (s, 1H), 

5.08 (s, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.96 (t, J = 7.3 Hz, 2H), 2.57 (t, J = 7.6 Hz, 2H), 1.91 – 1.77 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.4, 164.2, 160.6, 148.2, 141.1, 132.6, 128.3, 127.3, 126.1, 

121.4, 112.5, 105.0, 98.4, 55.5, 55.4, 43.1, 34.9, 23.3. HRMS (ESI) m/z calculated for C20H22NaO3 

[M+Na]+ 333.1461, found 333.1469.

1-(2,4-dimethoxyphenyl)-5-(p-tolyl)hex-5-en-1-one (19)

Pale yellow oil; 21 mg, 77% yield; 1H NMR (400 MHz, CDCl3) 

δ 7.77 (d, J = 8.7 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 

7.9 Hz, 2H), 6.51 (dd, J = 8.7, 2.0 Hz, 1H), 6.43 (d, J = 1.9 Hz, 

1H), 5.27 (s, 1H), 5.03 (s, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 2.95 (t, J = 7.3 Hz, 2H), 2.55 (t, J = 7.5 Hz, 

2H), 2.33 (s, 3H), 1.83 (dd, J = 14.9, 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.5, 164.2, 160.6, 

147.9, 138.2, 137.0, 132.6, 129.0, 126.0, 121.4, 111.7, 105.0, 98.4, 55.5, 55.4, 43.1, 34.9, 23.3, 21.1. 

HRMS (ESI) m/z calculated for C21H24NaO3 [M+Na]+ 347.1618, found 347.1624.

5-([1,1'-biphenyl]-4-yl)-1-(2,4-dimethoxyphenyl)hex-5-en-1-one (20)

Colorless oil; 25 mg, 65% yield; 1H NMR (400 MHz, CDCl3) δ 

7.79 (d, J = 8.7 Hz, 1H), 7.55 (m, 6H), 7.44 (t, J = 7.5 Hz, 2H), 

7.35 (d, J = 7.3 Hz, 1H), 6.51 (dd, J = 8.7, 1.9 Hz, 1H), 6.43 (d, J 

= 1.7 Hz, 1H), 5.37 (s, 1H), 5.11 (s, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 2.98 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 

7.5 Hz, 2H), 1.94 – 1.85 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.4, 164.3, 160.7, 147.6, 140.8, 

140.1, 140.0, 132.6, 128.8, 127.3, 127.0, 126.5, 121.3, 112.6, 105.0, 98.4, 55.5, 55.4, 43.1, 34.8, 23.3. 

HRMS (ESI) m/z calculated for C26H26NaO3 [M+Na]+ 409.1774, found 409.1774.

1-(2,4-dimethoxyphenyl)-5-(4-(trifluoromethyl)phenyl)hex-5-en-1-one (21)

Pale yellow oil; 25 mg, 65% yield; 1H NMR (400 MHz, 

CDCl3) δ 7.78 (d, J = 8.7 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 

7.51 (d, J = 8.4 Hz, 2H), 6.52 (dd, J = 8.7, 2.2 Hz, 1H), 6.44 (d, 

J = 2.2 Hz, 1H), 5.35 (s, 1H), 5.18 (s, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 2.96 (t, J = 7.2 Hz, 2H), 2.62 – 

2.54 (m, 2H), 1.89 – 1.79 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.1, 164.3, 160.7, 147.2, 132.6, 

O

MeO OMe Me

O

MeO OMe Ph

O

MeO OMe CF3



S21

129.4, 128.9, 126.4, 125.2, 125.2, 121.2, 114.4, 105.1, 98.4, 55.5, 55.4, 42.9, 34.7, 23.1. HRMS (ESI) 

m/z calculated for C21H21F3NaO3 [M+Na]+ 401.1335, found 401.1345.

5-(4-chlorophenyl)-1-(2,4-dimethoxyphenyl)hex-5-en-1-one (22)

Pale yellow oil; 24 mg, 70% yield; 1H NMR (400 MHz, CDCl3) 

δ 7.77 (d, J = 8.7 Hz, 1H), 7.36 – 7.32 (m, 2H), 7.26 (s, 2H), 6.52 

(dd, J = 8.7, 2.3 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 5.28 (d, J = 0.9 

Hz, 1H), 5.09 (d, J = 1.1 Hz, 1H), 3.85 (s, 3H), 3.84 (s, 3H), 2.95 (t, J = 7.2 Hz, 2H), 2.57 – 2.50 (m, 

2H), 1.84 (dd, J = 15.0, 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.2, 164.3, 160.6, 147.1, 139.6, 

133.1, 132.6, 128.4, 127.4, 121.3, 113.0, 105.1, 98.4, 55.5, 55.4, 42.9, 34.8, 23.2. HRMS (ESI) m/z 

calculated for C20H21ClNaO3 [M+Na]+ 367.1071, found 367.1079.

1-(2,4-dimethoxyphenyl)-5-(4-fluorophenyl)hex-5-en-1-one (23)

Pale yellow oil; 22 mg, 66% yield; 1H NMR (400 MHz, CDCl3) δ 

7.77 (d, J = 8.7 Hz, 1H), 7.41 – 7.35 (m, 2H), 6.99 (t, J = 8.8 Hz, 

2H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.44 (d, J = 2.3 Hz, 1H), 5.24 

(d, J = 1.1 Hz, 1H), 5.06 (d, J = 1.1 Hz, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 2.96 (t, J = 7.2 Hz, 2H), 2.53 

(dd, J = 11.1, 4.1 Hz, 2H), 1.87 – 1.78 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.3, 163.9, 160.8, 

147.2, 137.2, 132.6, 129.2, 127.7, 121.3, 115.0, 112.4, 105.1, 98.4, 55.5, 55.4, 43.0, 35.0, 23.2. HRMS 

(ESI) m/z calculated for C20H21FNaO3 [M+Na]+ 351.1367, found 351.1376.

1-(2,4-dimethoxyphenyl)-5-(o-tolyl)hex-5-en-1-one (24)

Colorless oil; 22 mg, 69% yield; 1H NMR (400 MHz, CDCl3) δ 7.77 

(d, J = 8.7 Hz, 1H), 7.17 – 7.14 (m, 3H), 7.12 – 7.07 (m, 1H), 6.52 – 

6.49 (m, 1H), 6.43 (d, J = 2.2 Hz, 1H), 5.20 (d, J = 1.7 Hz, 1H), 4.88 

(d, J = 1.9 Hz, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 2.95 (t, J = 7.4 Hz, 2H), 2.41 – 2.36 (m, 2H), 2.29 (s, 

3H), 1.80 (dd, J = 15.1, 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.4, 164.2, 160.6, 149.7, 143.1, 

134.8, 132.6, 130.1, 128.3, 126.7, 125.4, 121.3, 113.9, 105.0, 98.4, 55.5, 55.4, 43.2, 37.4, 22.7, 19.9. 

HRMS (ESI) m/z calculated for C21H24NaO3 [M+Na]+ 347.1618, found 347.1623.
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1-(2,4-dimethoxyphenyl)-5-(m-tolyl)hex-5-en-1-one (25)

Pale yellow oil; 28 mg, 85% yield; 1H NMR (400 MHz, CDCl3) 

δ 7.80 (d, J = 8.7 Hz, 1H), 7.27 – 7.19 (m, 3H), 7.14 – 7.07 (m, 

1H), 6.54 (dd, J = 8.7, 2.3 Hz, 1H), 6.46 (d, J = 2.2 Hz, 1H), 5.30 (d, J = 1.3 Hz, 1H), 5.08 (d, J = 1.2 

Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 2.98 (dd, J = 9.5, 5.2 Hz, 2H), 2.59 (t, J = 7.5 Hz, 2H), 2.37 (s, 3H), 

1.93 – 1.82 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.5, 164.2, 160.6, 148.3, 141.2, 137.7, 132.6, 

128.2, 128.1, 126.9, 123.2, 121.3, 112.3, 105.0, 98.4, 55.5, 55.4, 43.1, 35.0, 23.3, 21.5. HRMS (ESI) 

m/z calculated for C21H24NaO3 [M+Na]+ 347.1618, found 347.1625.

5-(3-chlorophenyl)-1-(2,4-dimethoxyphenyl)hex-5-en-1-one (26)

Colorless oil; 23 mg, 68% yield; 1H NMR (400 MHz, CDCl3) δ 

7.78 (d, J = 8.7 Hz, 1H), 7.39 (s, 1H), 7.31 – 7.27 (m, 1H), 7.25 – 

7.21 (m, 2H), 6.52 (dd, J = 8.7, 2.2 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 5.30 (s, 1H), 5.12 (s, 1H), 3.84 

(s, 6H), 2.96 (t, J = 7.3 Hz, 2H), 2.54 (t, J = 7.6 Hz, 2H), 1.89 – 1.76 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 200.2, 164.3, 160.7, 147.0, 143.1, 134.2, 132.6, 129.5, 127.3, 126.3, 124.3, 121.2, 113.7, 

105.1, 98.4, 55.5, 55.4, 43.0, 34.8, 23.1. HRMS (ESI) m/z calculated for C20H21ClNaO3 [M+Na]+ 

367.1071, found 367.1079.

1-(2,4-dimethoxyphenyl)-5-(3-fluorophenyl)hex-5-en-1-one (27)

Colorless oil; 18 mg, 55% yield; 1H NMR (400 MHz, CDCl3) δ 

7.78 (d, J = 8.7 Hz, 1H), 7.30 – 7.26 (m, 1H), 7.22 – 7.17 (m, 1H), 

7.13 – 7.07 (m, 1H), 6.94 (m, 1H), 6.52 (dd, J = 8.7, 2.3 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 5.32 (d, J = 

1.0 Hz, 1H), 5.12 (d, J = 1.1 Hz, 1H), 3.85 (s, 3H), 3.84 (s, 3H), 2.96 (t, J = 7.3 Hz, 2H), 2.57 – 2.50 

(m, 2H), 1.83 (dd, J = 14.9, 7.5 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.2, 164.2, 161.7, 160.7, 

147.1, 143.6, 132.6, 129.7, 121.8, 121.3, 114.1, 113.5, 113.0, 105.1, 98.4, 55.5, 55.4, 43.0, 34.8, 23.2. 

HRMS (ESI) m/z calculated for C20H21FNaO3 [M+Na]+ 351.1367, found 351.1376.

1-(2,4-dimethoxyphenyl)-5-(naphthalen-2-yl)hex-5-en-1-one (28)

Colorless oil; 26 mg, 71% yield; 1H NMR (400 MHz, CDCl3) δ 

7.87 – 7.75 (m, 5H), 7.59 (dd, J = 8.6, 1.5 Hz, 1H), 7.44 (ddd, J 
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= 6.3, 5.2, 3.5 Hz, 2H), 6.49 (dd, J = 8.7, 2.0 Hz, 1H), 6.40 (d, J = 1.9 Hz, 1H), 5.45 (s, 1H), 5.19 (s, 

1H), 3.82 (s, 3H), 3.77 (s, 3H), 2.99 (t, J = 7.3 Hz, 2H), 2.69 (t, J = 7.5 Hz, 2H), 1.92 (dd, J = 14.9, 7.4 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.5, 164.2, 160.7, 147.9, 138.3, 133.4, 132.8, 132.6, 128.2, 

127.8, 127.5, 126.1, 125.8, 124.7, 124.7, 121.2, 113.2, 105.0, 98.3, 55.5, 55.4, 43.1, 34.9, 23.4. HRMS 

(ESI) m/z calculated for C24H24NaO3 [M+Na]+ 383.1618, found 383.1618.

1-(2,4-dimethoxyphenyl)-5-(pyridin-3-yl)hex-5-en-1-one (29)

Colorless oil; 19 mg, 60% yield; 1H NMR (400 MHz, CDCl3) δ 8.69 

(d, J = 1.9 Hz, 1H), 8.50 (dd, J = 4.8, 1.5 Hz, 1H), 7.79 (d, J = 8.7 Hz, 

1H), 7.74 – 7.67 (m, 1H), 7.28 – 7.21 (m, 1H), 6.52 (dd, J = 8.7, 2.2 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 

5.35 (s, 1H), 5.18 (d, J = 1.0 Hz, 1H), 3.85 (s, 6H), 2.98 (t, J = 7.2 Hz, 2H), 2.57 (t, J = 7.6 Hz, 2H), 

1.90 – 1.79 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.1, 164.3, 160.7, 148.5, 147.6, 145.3, 136.5, 

133.4, 132.6, 123.2, 121.1, 114.2, 105.0, 98.3, 55.6, 55.4, 42.9, 34.6, 22.9. HRMS (ESI) m/z 

calculated for C19H21NNaO3 [M+Na]+ 334.1414, found 334.1414.

1-(2,4-dimethoxyphenyl)-5-(thiophen-3-yl)hex-5-en-1-one (30)

Yellow oil; 24 mg, 76% yield; 1H NMR (400 MHz, CDCl3) δ 7.79 

(d, J = 8.7 Hz, 1H), 7.25 (dt, J = 5.5, 2.1 Hz, 3H), 6.51 (dd, J = 8.7, 

2.3 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 5.36 (d, J = 1.1 Hz, 1H), 5.02 (d, J = 1.1 Hz, 1H), 3.84 (s, 3H), 

3.83 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H), 2.51 (dd, J = 7.9, 7.3 Hz, 2H), 1.99 – 1.87 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 200.4, 164.3, 160.7, 142.6, 142.4, 132.6, 125.8, 125.4, 121.3, 120.5, 111.2, 

105.1, 98.4, 55.5, 55.4, 43.1, 35.1, 23.5. HRMS (ESI) m/z calculated for C18H20NaO3S [M+Na]+ 

339.1031, found 339.1024.

1-(2,4-dimethoxyphenyl)-5-(quinolin-3-yl)hex-5-en-1-one (31)

Colorless oil; 17 mg, 48% yield; 1H NMR (400 MHz, CDCl3) δ 

9.24 (s, 1H), 8.50 (d, J = 5.8 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 

7.83 (d, J = 6.0 Hz, 1H), 7.76 (d, J = 8.7 Hz, 1H), 7.53 (dd, J = 13.8, 6.9 Hz, 2H), 6.54 – 6.46 (m, 1H), 

6.41 (d, J = 1.7 Hz, 1H), 5.48 (s, 1H), 5.10 (s, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 2.96 (t, J = 7.2 Hz, 2H), 

2.57 (t, J = 7.7 Hz, 2H), 1.86 – 1.77 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.1, 164.3, 160.6, 
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152.9, 146.9, 143.1, 140.2, 133.9, 132.6, 129.1, 128.9, 126.7, 126.7, 121.0, 118.5, 116.5, 105.0, 98.3, 

55.6, 55.4, 43.0, 37.9, 22.9. HRMS (ESI) m/z calculated for C23H23NNaO3 [M+Na]+ 384.1576, found 

384.1570.

(Z)-1-(2,4-dimethoxyphenyl)-5,6-diphenylhex-5-en-1-one (32a)

Colorless oil; 25 mg, 63% yield; 1H NMR (300 MHz, CDCl3) δ 7.78 

(d, J = 8.7 Hz, 1H), 7.25 (t, J = 7.9 Hz, 3H), 7.16 (d, J = 7.6 Hz, 2H), 

7.06 (d, J = 6.9 Hz, 3H), 6.90 (d, J = 7.8 Hz, 2H), 6.52 (dd, J = 8.7, 

2.1 Hz, 1H), 6.44 (s, 2H), 3.85 (s, 3H), 3.83 (s, 3H), 2.98 (t, J = 7.3 Hz, 2H), 2.56 (t, J = 7.5 Hz, 2H), 

1.82 (dd, J = 15.1, 7.7 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 200.4, 164.2, 160.7, 142.9, 141.2, 

137.5, 132.6, 129.0, 128.6, 128.5, 127.8, 126.9, 126.6, 126.1, 121.4, 105.0, 98.4, 55.5, 55.4, 42.9, 40.2, 

22.9. HRMS (ESI) m/z calculated for C26H26NaO3 [M+Na]+ 409.1780, found 409.1780.

(E)-1-(2,4-dimethoxyphenyl)-5,6-diphenylhex-5-en-1-one (32b)

Colorless oil; 3.5 mg, 9% yield; 1H NMR (400 MHz, CDCl3) δ 7.74 

(d, J = 8.7 Hz, 1H), 7.51 – 7.45 (m, 2H), 7.40 – 7.31 (m, 6H), 7.30 – 

7.22 (m, 2H), 6.73 (s, 1H), 6.50 (dd, J = 8.7, 2.3 Hz, 1H), 6.41 (d, J = 

2.2 Hz, 1H), 3.84 (d, J = 5.3 Hz, 3H), 3.78 (s, 3H), 2.92 (t, J = 7.4 Hz, 

2H), 2.77 (dd, J = 9.1, 6.9 Hz, 2H), 1.87 – 1.75 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 200.2, 164.3, 

160.6, 142.8, 142.8, 138.2, 132.7, 128.8, 128.6, 128.4, 128.3, 127.2, 126.6, 126.5, 121.1, 105.0, 98.3, 

55.5, 55.4, 43.6, 29.8, 23.7. HRMS (ESI) m/z calculated for C26H26NaO3 [M+Na]+ 409.1780, found 

409.1779.

1-(4-methoxyphenyl)-5-phenylhex-5-en-1-one (33)

Pale yellow oil; 15 mg, 56% yield; 1H NMR (400 MHz, CDCl3) 

δ 7.95 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 4.74 (d, J = 

2.4 Hz, 2H), 3.87 (s, 3H), 2.92 (t, J = 6.0 Hz, 2H), 2.11 (t, J = 7.5 Hz, 2H), 2.02 (t, J = 8.0 Hz, 2H), 

1.95 – 1.80 (m, 2H), 1.42 (dt, J = 15.0, 7.4 Hz, 2H), 1.33 – 1.24 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 199.0, 163.3, 149.3, 130.3, 130.2, 113.7, 109.3, 55.5, 37.7, 35.9, 35.5, 

31.7, 27.4, 22.6, 22.4, 14.1. HRMS (ESI) m/z calculated for C18H26NaO2 [M+Na]+ 297.1830, found 

297.1824.
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1-(2,4-dimethoxyphenyl)-5-methylenedecan-1-one oxime (34)

Colorless oil; 30 mg, 93% yield; 1H NMR (400 MHz, CDCl3) δ 

9.71 (s, 1H), 7.25 (d, J = 9.0 Hz, 1H), 6.52 (dd, J = 5.7, 2.3 Hz, 

2H), 4.71 (d, J = 6.6 Hz, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 2.85 – 

2.75 (m, 2H), 2.09 – 2.03 (m, 2H), 2.01 – 1.94 (m, 2H), 1.70 – 1.59 (m, 2H), 1.47 – 1.38 (m, 2H), 1.30 

(ddd, J = 14.8, 12.6, 5.8 Hz, 4H), 0.93 (dd, J = 9.6, 4.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 161.4, 

160.1, 158.6, 149.7, 130.7, 118.7, 108.8, 104.2, 98.8, 55.4, 55.4, 36.1, 35.9, 31.6, 28.1, 27.4, 23.9, 22.6, 

14.1. HRMS (ESI) m/z calculated for C18H27NNaO4 [M+Na]+ 342.2045, found 342.2038.

5-benzylidene-1-(2,4-dimethoxyphenyl)decan-1-one (35)

Colorless oil; 28 mg, 73% yield; 1H NMR (400 MHz, CDCl3) δ 

7.63 (d, J = 8.6 Hz, 1H), 7.26 (s, 1H), 7.19 – 7.12 (m, 3H), 6.87 

(dd, J = 14.8, 7.6 Hz, 1H), 6.78 (d, J = 15.4 Hz, 1H), 6.51 (dd, J 

= 8.6, 2.3 Hz, 1H), 6.44 (d, J = 2.2 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.57 (ddd, J = 29.9, 13.6, 7.2 

Hz, 2H), 2.19 (t, J = 6.1 Hz, 2H), 1.33 – 1.17 (m, 10H), 0.85 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 191.0, 163.9, 160.2, 145.7, 141.0, 132.7, 132.1, 129.2, 128.2, 125.8, 122.1, 104.9, 98.6, 55.6, 

55.5, 40.2, 39.6, 36.2, 33.2, 32.1, 26.4, 22.7, 14.1. HRMS (ESI) m/z calculated for C25H32NaO3 

[M+Na]+ 403.2249, found 403.2244.

8. X-ray data for 14 (CCDC 2084142)

Single crystal of product 14 was obtained through slow evaporation of a solution in 

dichloromethane-diethyl ether at room temperature.
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Table S2. Crystal data and structure refinement for 14
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Formula weight 520.68

Temperature/K 299.34(10)

Crystal system monoclinic

Space group P21

a/Å 8.16900(10)

b/Å 16.3425(3)

c/Å 10.9598(2)

α/° 90

β/° 94.2610(10)

γ/° 90

Volume/Å3 1459.11(4)

Z 2

ρcalcg/cm3 1.185

μ/mm-1 0.619

F(000) 564.0

Crystal size/mm3 0.09 × 0.05 × 0.04

Radiation Cu Kα (λ = 1.54184)

2Θ range for data collection/° 8.09 to 151.782

Index ranges -8 ≤ h ≤ 10, -19 ≤ k ≤ 20, -13 ≤ l ≤ 13

Reflections collected 9483

Independent reflections 4821 [Rint = 0.0300, Rsigma = 0.0371]

Data/restraints/parameters 4821/1/355

Goodness-of-fit on F2 0.945

Final R indexes [I>=2σ (I)] R1 = 0.0403, wR2 = 0.1200

Final R indexes [all data] R1 = 0.0440, wR2 = 0.1253

Largest diff. peak/hole / e Å-3 0.14/-0.14

Flack parameter 0.04(13)
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10. NMR spectra of compounds
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