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1.General experiment details and materials

All reagents were purchased from commercial suppliers and used without further
purification. Flash chromatography was carried out with silica gel (200-300 mesh).
Analytical TLC was performed with silica gel GF254 plates, and the products were
visualized by UV detection. '"H NMR, 3C NMR, 'F NMR and 3'P NMR spectra were
detected in CDCIs or D-O on a Bruker AM 400 MHz spectrometer. Chemical shifts in 'H
NMR spectra were reported in parts per million (ppm) on the & scale from an internal
standard of residual TMS (0 ppm) or D20 (4.79 ppm). Data for '"H NMR were reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, brs = broad single), coupling constant in Herts (Hz) and integration. Data for '3C
NMR spectra were reported in terms of chemical shift in ppm from the central peak of
CDCls3 (77.0 ppm). Data for "°F NMR were reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), coupling constant in Herts
(Hz) and integration. The high-resolution mass spectra (HRMS) were measured on a
Bruker Daltonics APEX |l 47e spectrometer by ESI. UV/Vis absorption spectra were
recorded on a Lambda 950+Refle UV/Vis spectrometer. Photochemical reactions were
carried with 40 W blue LED and 12 W ultraviolet light LEDs obtained from SuZhou Uking

Photoelectric Technology Co., Ltd.
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2 General setup for the reaction

Figure S1. General setup for the reaction. A variable temperature photoreactor equipped

with 12 W blue LEDs (Amax = 365 nm) was used for the reaction.

3 Optimization of reaction conditions

Table S1. Screening of photocatalyst®

A
(e} HOO PC, HEH (1 eq.)
o MeCN (2 mL), 40 W blue LEDs o)
> o~
\(f)\/\H)\ then 365 nm A0 o~
o]

1a 2a 3a
Entry Photocatalyst (5 mol%) Yield (%)°

1 Rhodamine B 53

2 EY 49

3 4CzIPN 47

4 fac-Ir 39

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), HEH (0.2 mmol, 1 eq.),
MeCN (2 mL) and PC (5 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room temperature,
then 12 W LEDs (365 nm) for 6 h at room temperature. ?Yields were determined by analysis of the THNMR
spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S2. Screening of the amount of photocatalyst?
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0 HOO RB (x mol%), HEH (1 eq.)
o MeCN (2 mL), 40 W blue LEDs O
- O/ +
\g/\H)J\ then 365 nm 0 o~
o
1a 2a 3a
Entry Rhodamine B (x mol%) Yield (%)°
1 2.5 50
2 5 53
3 10 60
4 20 61

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), HEH (0.2 mmol, 1 eq.)
and MeCN (2 mL) and RB (x mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room
temperature, then 12 W LEDs (365 nm) for 6 h at room temperature. *Yields were determined by analysis

of the "THNMR spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S3. Screening of the solvent?

0 HOO RB (10 mol%), HEH (1 eq.) h
e . solvent (2 mL), 40 W blue LEDs O
\(@/\H)J\O then 365 nm 0 o~

1a 2a ° 3a
Entry solvent Yield (%)°

1 EA 64

2 DMA 36

3 THF 39

4 PhMe 35

5 MeCN 60

6 acetone 58

7 MeOH 36

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), HEH (0.2 mmol, 1 eq.)
and solvent (2 mL) and RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room
temperature, then 12 W LEDs (365 nm) for 6 h at room temperature. *Yields were determined by analysis

of the "HNMR spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S4. Screening of the amount of solvent?

(o) HOO RB (10 mol%), HEH (1 eq.) N
e . EA (x mL), 40 W blue LEDs O
NO then 365 nm 0 o~
(0]

1a 2a 3a
Entry EA (x mL) Yield (%)°

1 0.5 55

2 1 60

3 2 64

4 4 63

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), HEH (0.2 mmol, 1 eq.)
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and EA (x mL) and RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room
temperature, then 12 W LEDs (365 nm) for 6 h at room temperature. *Yields were determined by analysis

of the 'THNMR spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S5. Screening of the reductant?

X
0 HOO RB (10 mol%), reductant (1 eq.)
0 EA (2 mL), 40 W blue LEDs o]
_ o~ o
\g/\ﬂ)j\ then 365 nm - o~
o]

1a 2a 3a
Entry reductant Yield (%)°

1 HEH 64

2 DIPEA 55

3 TEA 54

4 y-terpinene 42

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), reductant (0.2 mmol, 1
eq.) and EA (2 mL) and RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room
temperature, then 12 W LEDs (365 nm) for 6 h at room temperature. *Yields were determined by analysis

of the "HNMR spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S6. Screening of the amount of reductant?

X
0 HOO RB (10 mol%), HEH (x eq.)
o _ EA (2 mL), 40 W blue LEDs O
- 0 +
W then 365 nm 0 o~
(e}

1a 2a 3a
Entry HEH (x eq.) Yield (%)°

1 1 64

2 1.5 68

3 2 65

4 2.5 66

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (0.3 mmol, 1.5 eq.), HEH (x eq.) and EA (2
mL) and RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room temperature, then
12 W LEDs (365 nm) for 6 h at room temperature. ?Yields were determined by analysis of the "THNMR
spectra of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S7. Screening of the amount of 2a?

X
o HOO RB (10 mol%), HEH (1.5 eq.)
o _ EA (2 mL), 40 W blue LEDs O
- (o) + 0
\(@/\H)J\ then 365 nm ~ o~
(e}

1a 2a 3a
Entry 2a (x eq.) Yield (%)°

1 1 48

2 1.5 68

3 1.8 74
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4 2.1 72
aReaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (x eq.), HEH (1.5 eqg.) and EA (2 mL) and RB
(10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room temperature, then 12 W LEDs
(365 nm) for 6 h at room temperature. *Yields were determined by analysis of the "THNMR spectra of the

reaction mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S8. Screening of the amount of light source?

0 HOO RB (10 mol%), HEH (1.5 eq.) h
e ., EA (2 mL), light o)
\g/\H)J\O then 365 nm 0 o~
O

1a 2a 3a
Entry Light source (x nm) Yield (%)°

1 456 74

2 427 70

3 405 68

7 397 67

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (x eq.), HEH (1.5 eq.) and EA (2 mL) and RB
(10 mol%) was irradiated with 40 W blue LEDs (x nm) for 12 h at room temperature, then 12 W LEDs (365
nm) for 6 h at room temperature. ?Yields were determined by analysis of the "THNMR spectra of the reaction

mixture using 1,3,5-trimethoxybenzene as an internal standard.

Table S9. Control experiments for intermediate?

o HOO RB (10 mol%), HEH (1.5 eq.) 0 050 o0~
/O\H/\H)J\O/ . EA (2 mL), 40 W blue LEDs o
0
1a 2a 6a
Entry Deviation 6a Yield (%)°

1 none 84

2 without HEH n.d.

3 without Rhodamine B 36

4 without light 18

6 70 °C instead of 40 W LEDs 63

8 in air 53

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (1.8 eq.), HEH (1.5 eq.) and EA (2 mL) and
RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room temperature. “Isolated yields.

Table S10. Control experiments for 3a?

X
o HOO RB (10 mol%), HEH (1.5 eq.)
0 EA (2 mL), 40 W blue LEDs (@]
P o~ * o
) then 365 nm - o~
O
1a 2a 3a
Entry Deviation Yield (%)°
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1 none 74 (70)°
2 without HEH n.d.
3 without 365 nm n.d.
4 365 nm lamp direct irradiation 684
5 in air 48

@Reaction conditions: a mixture of 1a (0.2 mmol, 1 eq.), 2a (1.8 eq.), HEH (1.5 eq.) and EA (2 mL) and
RB (10 mol%) was irradiated with 40 W blue LEDs (456 nm) for 12 h at room temperature, then 12 W
LEDs (365 nm) for 6 h at room temperature. “Yields were determined by analysis of the THNMR spectra
of the reaction mixture using 1,3,5-trimethoxybenzene as an internal standard. 9The system reacted
directly under 365nm radiation without the need to switch light sources for 18 hours at room temperature.

4 Synthesis of starting materials

0 HO Ph H,SO, (0.5eq.) HOO Ph
PhMgBr (1.5 eq.) 30% H,0, (10 eq.)
0°CtoRT, Ar,6h 0°CtoRT, 20 h
n n n
10 mmol, 1 eq S1

According to relevant literature reports,['3l the general synthesis process of peroxides is
as follows:

Cyclopentanone (10 mmol, 1.0 eq.) was added drop-wise to a 1.0 M solution of the
phenylmagnesium bromide at 0 °C under argon atmosphere. After being stirred at room
temperature for 6 h, the reaction mixture was quenched with sat. NH4Cl aq. at 0 °C and
extracted with a solution of hexane / EA (4 / 1) three times. The combined organic layer
was dried over Na SO4 and concentrated. The crude product S1 was used for the next
step without further purification.

To S1 in a flask was added a solution of HoSO4 / 30% H202 aq. (0.3 mL/ 10 mL) slowly at
0 °C. After being stirred vigorously at room temperature for 20 h, the reaction mixture was
diluted with H.O (10 mL) and then extracted with DCM three times. The combined organic
layer was dried over Na SO4 and concentrated. The combined organic layer was washed
with brine, dried over Na>SQ4 and concentrated to afford residue, which was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate) to give the target

products.

5 General procedure for synthesis of products

Conditions A:
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0OH RB (10 mol%), HEH (1.5 eq.)

EA (4 mL), 40 W blue LEDs
A
R/\ + (j\/n\Ph R\J’g\/

then 365 nm n
1 2 3

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, 1 (0.4
mmol, 1 eq.) (if solid), 2 (0.72 mmol, 1.8 eq.) (if solid), HEH (0.6 mmol, 1.5 eq.) and RB
(0.04mmol, 10 mol%) were added. The tube was evacuated and back-filled with argon for
3 times. Subsequently, EA (4 mL), 1 (0.4 mmol, 1 eq.) (if liquid) and 2 (0.72 mmol, 1.8 eq.)
(if liquid) were added under argon. The reaction mixture was irradiated with 40 W blue
LEDs (456 nm) and monitored by TLC. After complete consumption of olefin 1, the system
was irradiated with 12 W ultraviolet light LEDs (365 nm) and monitored by TLC. Finally, the
solution was concentrated under in vacuo and the crude product was purified by flash
column chromatography (gradient eluent of ethyl acetate and petroleum ether) to give the
corresponding product 3. The identity and purity of the product was confirmed by *H and
13C NMR spectroscopic analysis.

Conditions B:

0 OH DCE (4 mL), PA (1.5 eq.)
Ph” B + 0 _
\C[)I/\ ><en Phe

Ir (I11) (2 mol%),40 W blue LEDs

then 365 nm 0
1au 2as 3as

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, PA (1,1'-
Binaphthyl-2,2'-diylhydrogenphosphate) (0.1  mmol, 0.25 eq.) and Ir (lll)
([Ir(dF(CF3)ppy)2(dtbbpy)](PFs)) (2 mol%) were added. The tube was evacuated and back-
filled with argon for 3 times. Subsequently, DCE (4 mL) and 1au (0.4 mmol, 1 eq.) and 2as
(1.2 mmol, 3 eq.) were added under argon. The reaction mixture was stirred at room
temperature and monitored by TLC under irradiation from 40 W blue LEDs (456 nm). After
complete consumption of olefin 1au, the system was irradiated with 12 W ultraviolet light
LEDs (365 nm) and monitored by TLC. Finally, the solution was concentrated under in
vacuo and the crude product was purified by flash column chromatography (gradient eluent
of ethyl acetate and petroleum ether) to give the corresponding product 3as. The identity

and purity of the product was confirmed by *H and 3C NMR spectroscopic analysis.

Conditions C:

FeCl; (10 mol%), collidine (1 eq.)

OH
0 Ph  TBACI (10 mol%), MeCN (4 mL)
= | o
Ph N
I \n/\/\

40 W blue LEDs

then 365 nm O
1au 2at 3at
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In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, FeCls
(0.04 mmol, 10 mol%), TBACI (tetrabutyl ammonium chloride) (0.04 mmol, 10 mol%) were
added. The tube was evacuated and back-filled with argon for 3 times. Subsequently,
MeCN (4 mL), collidine (0.4 mmol, 1 eq.), 1au (0.4 mmol, 1 eq.) and 2at (1.2 mmol, 3 eq.)
were added under argon. The reaction mixture was stirred at room temperature and
monitored by TLC under irradiation from 40 W blue LEDs (456 nm). After complete
consumption of olefin 1au, the system was irradiated with 12 W ultraviolet light LEDs (365
nm) and monitored by TLC. Finally, the solution was concentrated under in vacuo and the
crude product was purified by flash column chromatography (gradient eluent of ethyl
acetate and petroleum ether) to give the corresponding product 3at. The identity and purity

of the product was confirmed by *H and '3C NMR spectroscopic analysis.

5 Scale-up experiment

Gram-scale synthesis of 3au:
RB (10 mol%), HEH (1.5 eq.)

_0 Ph  EA (100 mL), 40 W blue LEDs o _
PR OLOOH ( ) Lo g
0
2a

then 365 nm 0
1au 3au, 1.2 g, 63%
In an oven dried 200 mL round bottom flask equipped with a magnetic stirring bar, HEH
(4.60 g, 15 mmol, 1.5 eq.) and RB (479 mg, 1 mmol, 10 mol%) were added. The tube was
evacuated and back-filled with argon for 3 times. Subsequently, EA (100 mL), 1au (1.18 g,
10 mmol, 1 eq.) and 2a (3.21 g, 18 mmol, 1.8 eq.) were added under argon. The reaction
mixture was irradiated with 40 W blue LEDs (456 nm) and monitored by TLC. After
complete consumption of olefin 1au, the system was irradiated with 40 W ultraviolet light
LEDs (365 nm) and monitored by TLC. Finally, the solution was concentrated under in
vacuo and the crude product was purified by flash column chromatography (gradient eluent

of ethyl acetate and petroleum ether) to give the corresponding product 3au (1.2 g, 63%).

Scale-up synthesis of 3bn:

HOO Ph
RB (10 mol%), HEH (1.5 eq.)
N MeCN (60 mL), 40 W blue LEDs
HOLCT X + ( ) HOQC/WM
then 365 nm
1bn 2bn 3bn, 701 mg, 55%

In an oven dried 200 mL round bottom flask equipped with a magnetic stirring bar, HEH
(2.28 g, 9 mmol, 1.5 eq.), RB (287 mg, 0.6 mmol, 10 mol%) and 2bn (2.99 g, 10.8 mmol,

1.8 eq.) were added. The tube was evacuated and back-filled with argon for 3 times.
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Subsequently, MeCN (60 mL) and 1bn (432 mg, 6 mmol, 1 eq.) were added under argon.
The reaction mixture was irradiated with 40 W blue LEDs (456 nm) and monitored by TLC.
After complete consumption of olefin 1bn, the system was irradiated with 40 W ultraviolet
light LEDs (365 nm) and monitored by TLC. Finally, the solution was concentrated under
in vacuo and the crude product was purified by flash column chromatography (gradient
eluent of ethyl acetate and petroleum ether) to give the corresponding product 3bn (701
mg, 55%).

6 Follow-up transformations

O
o) _
Ph \n/\/\/ ., ¢l O/OH DCM (4 mL), RT (0] 0
0 Ph \Ow
3au 4a, 87%

To a solution of the 3au (76 mg, 0.4 mmol, 1.0 eq.) in DCM (4 mL) was added mCPBA

(138 mg, 0.8 mmol, 2 eq.) at room temperature. Then, the mixture was stirred for 20 h at

room temperature. After that, the resulting mixture was concentrated under in vacuo. The
residue was purified by flash chromatography on silica gel (gradient eluent of petroleum
ether / ethyl acetate) directly to give the desired product 4a with 72 mg in 87% vyield.

0]

(0] &
Ph” \n/\/\/ + HB AgOAc (0.1 eq.) Ph/o\n/\/\/\B\/o
o o] o]

o toluene (1 mL), Ar, 120 °C
3au 4b, 40%

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar,
pinacolborane (77 mg, 0.6 mmol, 1.5 eq.) and AgOAc (7 mg, 0.04 mmol, 0.1 eq.) were
added. The tube was evacuated and back-filled with argon for 3 times. Subsequently,
toluene (1 mL) and 3au (76 mg, 0.4 mmol, 1.0 eq.) were added under argon. The reaction
mixture was allowed to stir at 120 °C for 12 h. Finally, the solution was concentrated under
in vacuo and the crude product was purified by flash column chromatography (gradient
eluent of ethyl acetate and petroleum ether) to give the corresponding product 4b with 51

mg in 40% yield.

Ph/o\[]/w + (IF)I’ Eosin Y (5 mol% ) F,h/o\n/\/\/\|:>O|:>h2
0 Ph“H Ph 390 nm, THF (3 mL), Ar o)
3au 4c, 63%

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar,
diphenylphosphine oxide (324 mg, 1.6 mmol, 4 eq.) and Eosin Y (13 mg, 0.02 mmol, 5

mol%) was added. The tube was evacuated and back-filled with argon for 3 times.
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Subsequently, THF (3 mL) and 3au (76 mg, 0.4 mmol, 1.0 eq.) were added under argon.
The reaction mixture was allowed to stir at room temperature for 20 h monitoring the
conversion via TLC. Finally, the solution was concentrated under in vacuo and the crude
product was purified by flash column chromatography (gradient eluent of ethyl acetate and

petroleum ether) to give the corresponding product 4c with 99 mg in 63% yield.

-0 = Grubbs 2nd (0.1 eq. 0] ]
" T)(W DCM (5 mL), (Ar, 40q°)c F’h\o)]\/\/:“%/\/u\o/ph
3au 4d, 63%
In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, Grubbs
2nd (34 mg, 0.04 mmol, 0.1 eq.) was added. The tube was evacuated and back-filled with
argon for 3 times. Subsequently, DCM (5 mL) and 3au (76 mg, 0.4 mmol, 1.0 eq.) were
added under argon. The reaction mixture was allowed to stir at 40 °C for 24 h monitoring
the conversion via TLC. Finally, the solution was concentrated under in vacuo and the
crude product was purified by flash column chromatography (gradient eluent of ethyl

acetate and petroleum ether) to give the corresponding product 4d with 44 mg in 63% yield.

BI’\
Ph/OW . )'N\ TXT (5 mol%). DCM (4 mL) 0 Br
Ph. /U\/\)\/B
o) Ph” “Ph blue LEDs (405 nm), Ar, rt 0 '
3au NBB 4e,78 %

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar,
thioxanthone (TXT, 4.2 mg, 0.02 mmol, 5 mol%) and N-bromo-benzophenonimines (NBB,
260 mg, 1 mmol, 2.5 eq.) was added. The tube was evacuated and back-filled with argon
for 3 times. Subsequently, DCM (4 mL) and 3au (76 mg, 0.4 mmol, 1.0 eq.) were added
under argon. The reaction mixture was irradiated with 6 W blue LEDs (405 nm) and
monitored by TLC. Finally, the solution was concentrated under in vacuo. The residue was
purified by flash chromatography on silica gel (gradient eluent of petroleum ether / ethyl

acetate) directly to give the desired product 4e with 109 mg in 78% yield.
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7 Mechanistic investigations

7.1 radical capture experiment

RB (10 mol%), HEH (1.5 eq.) 5a, n.d.
EA (2 mL), 40 W blue LEDs

(0}
PR OLP(?OH
O TEMPO (3.0 eq.

) +
1au 2a )CJ)\/\/\ ! + ph/o\"/\/o\ N
Ph (o) (0]
5b 5¢c

Detected by 'H NMR Detected by 'H NMR

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, HEH (76
mg, 0.3 mmol, 1.5 eq.), RB (10 mg, 0.02 mmol, 10 mol%) and TEMPO (94 mg, 0.6 mmol,
3 eq.) were added. The tube was evacuated and back-filled with argon for 3 times.
Subsequently, EA (2 mL), 1au (30 mg, 0.2 mmol, 1 eq.) and 2a (64 mg, 0.36 mmol, 1.8 eq.)
were added under argon. The reaction mixture was irradiated with 40 W blue LEDs (456
nm) and monitored by TLC. Finally, the solution was concentrated under in vacuo and the
crude product was purified by flash column chromatography (gradient eluent of ethyl
acetate and petroleum ether) to give a mixture of 5b and 5c¢ (Due to their similar polarity,
they cannot be completely separated.). The identity and purity of the product was
confirmed by *H NMR spectroscopic analysis. The spectral data is consistent with literature

reports.
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Figure S2: 'H NMR of 5b and 5c.

7.2 Separation of intermediates and by-products

RB (10 mol%), HEH (1.5 eq.)

0 Ph EA (2 mL), 40 W blue LEDs o)
X
O Ph
2a

5a, 78% 5d, 0.18 mmol, 29 mg

1au

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, HEH (76
mg, 0.3 mmol, 1.5 eq.) and RB (10 mg, 0.02 mmol, 10 mol%) were added. The tube was
evacuated and back-filled with argon for 3 times. Subsequently, EA (2 mL), 1au (30 mg,
0.2 mmol, 1 eq.) and 2a (64 mg, 0.36 mmol, 1.8 eq.) were added under argon. The reaction
mixture was irradiated with 40 W blue LEDs (456 nm) and monitored by TLC. Finally, the
solution was concentrated under in vacuo and the crude product was purified by flash
column chromatography (gradient eluent of ethyl acetate and petroleum ether) to give 5a

(48 mg, 78%) and 5d (29 mg).
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RB (10 mol%), HEH (1.5 eq.)
Ph EA (2 mL), 40 W blue LEDs 0 e)
o e S
then 365 nm Ph

1au 5e, 0.32 mmol, 39 mg 3au, 71%

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, HEH (76
mg, 0.3 mmol, 1.5 eq.) and RB (10 mg, 0.02 mmol, 10 mol%) were added. The tube was
evacuated and back-filled with argon for 3 times. Subsequently, EA (2 mL), 1au (30 mg,
0.2 mmol, 1 eq.) and 2a (64 mg, 0.36 mmol, 1.8 eq.) were added under argon. The reaction
mixture was irradiated with 40 W blue LEDs (456 nm) and monitored by TLC. After
complete consumption of olefin 1au, the system was irradiated with 12 W ultraviolet light
LEDs (365 nm) and monitored by TLC. Finally, the solution was concentrated under in
vacuo and the crude product was purified by flash column chromatography (gradient eluent

of ethyl acetate and petroleum ether) to give 5e (39 mg) and 3au (29 mg, 71%).

RB (10 mol%), HEH (1.5 eq.)

EA (2 mL), 12 W 365 nm LEDs Ph/oM
@w

0]

1au 3au, 60%

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, HEH (76
mg, 0.3 mmol, 1.5 eq.) and RB (10 mg, 0.02 mmol, 10 mol%) were added. The tube was
evacuated and back-filled with argon for 3 times. Subsequently, EA (2 mL), 1au (30 mg,
0.2 mmol, 1 eq.) and 2a (64 mg, 0.36 mmol, 1.8 eq.) were added under argon. The reaction
mixture was irradiated with 12 W purple LEDs (365 nm) and monitored by TLC. Finally, the
solution was concentrated under in vacuo and the crude product was purified by flash
column chromatography (gradient eluent of ethyl acetate and petroleum ether) to give 3au

(24 mg, 60%).

RB (10 mol%), HEH (1.5 eq.) —

EA (2 mL), 40 W blue LEDs Ph
* QL Ph
Ph then 365 nm

5f,61%

In an oven dried 10 mL screw-caped tube equipped with a magnetic stirring bar, HEH (76
mg, 0.3 mmol, 1.5 eq.) and RB (10 mg, 0.02 mmol, 10 mol%) were added. The tube was

evacuated and back-filled with argon for 3 times. Subsequently, EA (2 mL), 2-phenyl-1-
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propene (24 mg, 0.2 mmol, 1 eq.) and 2a (64 mg, 0.36 mmol, 1.8 eq.) were added under
argon. The reaction mixture was irradiated with 40 W blue LEDs (456 nm) and monitored
by TLC. After complete consumption of olefin, the system was irradiated with 12 W
ultraviolet light LEDs (365 nm) and monitored by TLC. Finally, the solution was
concentrated under in vacuo and the crude product was purified by flash column
chromatography (gradient eluent of ethyl acetate and petroleum ether) to give 5f (20 mg,
61%). The identity and purity of the product was confirmed by 'H and 3C NMR

spectroscopic analysis.

7.3 UV/Vis absorption spectroscopy

1au
2a
0.9 - ——HEH
——RB
=]
< 0.6 1
)
o
c
©
2
-
o
3
< 0.3
0.0 y 7 T : . ;
300 400 500 600

Wavelength (nm)

Figure S3. UV-Vis absorption spectra of photocatalyst 1au (25 mM), 2a (25 mM), HEH (25
mM) and Rhodamine B (0.05 mM) in deoxygenated EtOAc.

7.4 Fluorescence quenching experiment

Stern-Volmer luminescence quenching analysis was conducted using a Jasco FP-8300
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spectrofluorometer. The following parameters were employed: Excitation bandwidth = 5nm,
data interval = 5 nm, scan speed = 2000 nm/min. The solution of Rhodamine B (0.05 mM
in EtOAc) were excited at Aex = 456 nm and the emission was collected at 582 nm. The
substrates 2a, HEH and phenyl acrylate 1au were dissolved in EtOAc (500 mM),
respectively. For each quenching experiment, 30 pL of the stock solution were titrated to a
solution (3 mL) of thioxanthone. The addition of 30 uL stock solution refers to an increase
of the quencher concentration of 5 mM. Ip is the luminescence intensity without the
quencher, | is the intensity in the presence of the quencher.
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Figure S4. Fluorescence emission spectra of Rhodamine B (0.05 mM in MeCN) with
different concentration of 2a, HEH and phenyl acrylate 1au.

S16



- " 23
1.40 e HEH

135 A 1au

1.30
1.25

1.20

1.15 4

Io/!

1.10 1
1.05 A

1.00
y =0.0185x + 1.0087 y =0.009x + 0.9844 y = 0.0077x + 1.0056
R? = 0.9978 R? = 0.9534 R®=0.9901

0.90 r I I 0
5 10 15 20

0.95

o

Concentration (mM)

Figure S5. Stern-Volmer plot for the fluorescence quenching of 4CzIPN (0.05 mM in EtOAc)
by 2a, HE, and phenyl acrylate.

8 Characterization data of the products

Dimethyl 2-(but-3-en-1-yl)succinate (3a)

Meozcm
CO,Me

White solid; mp 4547 °C; (59 mg, 74%); Rr= 0.27 (50 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d):  5.83 — 5.70 (m, 1H), 5.08 —4.96 (m, 2H), 3.71 (s, 3H),
3.68 (s, 3H), 2.93 - 2.83 (m, 1H), 2.78 — 2.69 (m, 1H), 2.49 —2.42 (m, 1H), 2.11 — 2.03 (m,
2H), 1.82-1.71 (m, 1H), 1.65 — 1.56 (m, 1H); '*C NMR (101 MHz, Chloroform-d): 5 175.2,
172.3, 137.2, 115.5, 51.8, 51.8, 40.5, 35.7, 31.0, 31.0; In line with previously reported
spectra.l!
oxiran-2-ylmethyl hex-5-enoate (3b)
LA _o F

\([)]/\/\/
Colorless liquid; (52 mg, 64%); Rr= 0.20 (20 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.84 —5.72 (m, 1H), 5.08 — 4.96 (m, 2H), 4.45 — 4.39 (m, 1H),
3.96 — 3.87 (m, 1H), 3.23 - 3.18 (m, 1H), 2.89 — 2.82 (m, 1H), 2.69 — 2.61 (m, 1H), 2.37 (t,
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J=7.5Hz, 2H), 2.16 — 2.05 (m, 2H), 1.81 — 1.69 (m, 2H); *C NMR (101 MHz, Chloroform-
d) & 173.2, 137.5, 115.4, 64.8, 49.3, 44.6, 33.2, 33.0, 23.9. ESI-HRMS: Calcd for
CoH1503" [M+H]* 171.1016, found 171.1016.
butyl hex-5-enoate (3c)
Me. _~_°0O S

l]/\/v
Colorless liquid; (41 mg, 60%); Rr= 0.28 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 5.85 — 5.71 (m, 1H), 5.08 — 4.94 (m, 2H), 4.07 (t, J = 6.7 Hz,
2H), 2.31 (t, J = 7.5 Hz, 2H), 2.09 (q, J = 7.1 Hz, 2H), 1.77 — 1.69 (m, 2H), 1.65 — 1.57 (m,
2H), 1.43 — 1.33 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, Chloroform-d): &
173.7, 137.7, 115.3, 64.1, 33.6, 33.1, 30.7, 24.1, 19.1, 13.7; ESI-HRMS: Calcd for
C10H1802" [M+H]* 171.1380, found 171.1375.
benzyl hex-5-enoate (3d)
Ph._O _

\g/\/\/

Colorless liquid; (52 mg, 64%); Rr= 0.26 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 6 7.33 — 7.22 (m, 5H), 5.76 — 5.62 (m, 1H), 5.04 (s, 2H), 4.98 —
4.87 (m, 2H), 2.30 (t, J = 7.5 Hz, 2H), 2.02 (q, J = 7.1 Hz, 2H), 1.73 — 1.63 (m, 2H); 3C
NMR (101 MHz, Chloroform-d): 6 173.4, 137.6, 136.1, 128.5, 128.2, 115.4,66.1, 33.6, 33.0,
24.0; In line with previously reported spectra.[6
pent-4-en-1-yl hex-5-enoate (3e)
A0 #
= \g/\/\/
Colorless liquid; (42 mg, 57%); Rr=0.29 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.86 — 5.72 (m, 2H), 5.07 — 4.96 (m, 4H), 4.08 (t, J = 6.6 Hz,
2H), 2.32 (t, J= 7.5 Hz, 2H), 2.17 — 2.06 (m, 4H), 1.78 — 1.67 (m, 4H); *C NMR (101 MHz,
Chloroform-d): 8 173.6, 137.7, 137.5, 115.3, 115.2, 63.7, 33.6, 33.1, 30.0, 27.8, 24.1; ESI-
HRMS: Calcd for C11H1g02* [M+H]* 183.1380, found 183.1375.
cyclohexyl hex-5-enoate (3f)

O\n/\/v/

(T3

Colorless liquid; (51 mg, 65%); Rr= 0.27 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 6 5.86 —5.72 (m, 1H), 5.11 — 4.93 (m, 2H), 4.83 — 4.68 (m, 1H),
2.29 (t, J=7.5Hz, 2H), 2.09 (q, J = 7.0 Hz, 2H), 1.88 — 1.80 (m, 2H), 1.76 — 1.68 (m, 4H),
1.58 — 1.50 (m, 1H), 1.45 — 1.33 (m, 4H), 1.30 — 1.22 (m, 1H); C NMR (101 MHz,
Chloroform-d): 6 173.0, 137.8, 115.2, 72.3, 34.0, 33.1, 31.6, 25.4, 24.2, 23.7; ESI-HRMS:

Calcd for C12H2002" [M+H]* 197.1536, found 197.1529.
ethyl 2-(2-hydroxyethyl)hex-5-enoate (3g)
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Colorless liquid; (49 mg, 66%); Rr= 0.26 (20 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 5.86 — 5.71 (m, 1H), 5.05 — 4.95 (m, 2H), 4.15 (q, J = 7.1 Hz,
2H), 3.65 (t, J = 6.3 Hz, 2H), 2.59 — 2.51 (m, 1H), 2.09 — 2.03 (m, 2H), 1.93 — 1.82 (m, 1H),
1.81 — 1.70 (m, 2H), 1.61 — 1.52 (m, 1H), 1.27 (t, J = 7.1 Hz, 3H); "*C NMR (101 MHz,
Chloroform-d): 5 176.2, 137.6, 115.2, 60.6, 60.4, 41.8, 34.9, 31.5, 31.4, 14.2; ESI-HRMS:
Calcd for C1oH1g0O3" [M+H]* 187.1329, found 187.1322.

3-(but-3-en-1-yl)dihydrofuran-2(3H)-one (3h)
o

0" o
Colorless liquid; (38 mg, 67%); Rr= 0.27 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d):  5.84 —5.71 (m, 1H), 5.11 — 4.99 (m, 2H), 4.39 — 4.31 (m, 1H),
4.24 —4.15 (m, 1H), 2.60 — 2.50 (m, 1H), 2.46 — 2.35 (m, 1H), 2.28 — 2.09 (m, 2H), 2.06 —
1.88 (m, 2H), 1.61 — 1.49 (m, 1H); *C NMR (101 MHz, Chloroform-d): & 179.4, 137.2,
115.7, 66.4, 38.5, 31.3, 29.5, 28.7; In line with previously reported spectra.l’]
(R)-2-allylsuccinic acid (3i)

CO,H
HO,C _

White solid; mp 185-187 °C; (47 mg, 75%); Rr= 0.21 (3 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, DMSO-ds): 8 12.24 (br, 2H), 5.79 — 5.66 (m, 1H), 5.12 — 4.97 (m, 2H),
2.74 — 2.66 (m, 1H), 2.52 — 2.43 (m, 1H), 2.36 — 2.27 (m, 2H), 2.26 — 2.17 (m, 1H); °C
NMR (101 MHz, DMSO-ds): & 175.7, 173.5, 135.7, 117.7, 40.7, 35.9, 35.3; In line with
previously reported spectra.t®!
diethyl (R)-2-allylsuccinate (3j)
EtO,C Z
CO,Et

Colorless liquid; (69 mg, 80%); Rr= 0.28 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 8 5.79 — 5.66 (m, 1H), 5.14 — 5.03 (m, 2H), 4.22 — 4.07 (m, 4H),
297 - 2.87 (m, 1H), 2.74 — 2.64 (m, 1H), 2.49 — 2.39 (m, 2H), 2.34 — 2.24 (m, 1H), 1.30 —
1.20 (m, 6H); '°C NMR (101 MHz, Chloroform-d): & 174.1, 171.8, 134.4, 117.7, 60.6, 60.5,
40.8, 35.9, 35.2, 14.1, 14.1; In line with previously reported spectra.l!
methyl (S)-2-benzylpent-4-enoate (3k)
Ph #

CO,Me
White solid; mp 40—42 °C; (34 mg, 41%); Rr= 0.26 (50 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): & 7.29 — 7.25 (m, 2H), 7.23 - 7.19 (m, 1H), 7.18 — 7.11

(m, 2H), 5.82 — 5.68 (m, 1H), 5.10 — 5.01 (m, 2H), 3.60 (s, 3H), 3.00 — 2.89 (m, 1H), 2.81
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—2.70 (m, 2H), 2.42 — 2.34 (m, 1H), 2.32 — 2.23 (m, 1H); '3C NMR (101 MHz, Chloroform-
d): 8 175.3, 139.1, 135.1, 128.9, 128.4, 126.4, 117.1, 51.4, 47.3, 37.8, 36.0; In line with
previously reported spectra.l'?
diethyl (R)-2-(pent-4-en-2-yl)malonate (3I)

CO,Et
EtO,C Z

Me

Colorless liquid; (52 mg, 57%); Rr= 0.25 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 5.81 — 5.69 (m, 1H), 5.10 — 5.00 (m, 2H), 4.20 (q, J = 7.1 Hz,
4H), 3.26 (d, J=8.0 Hz, 1H), 2.40 - 2.30 (m, 1H), 2.26 — 2.17 (m, 1H), 2.06 — 1.95 (m, 1H),
1.29 — 1.25 (m, 6H), 1.00 (d, J = 6.8 Hz, 3H); "*C NMR (101 MHz, Chloroform-d): 5 168.8,
168.6, 135.8, 117.1, 61.1, 61.1, 56.8, 38.7, 33.1, 16.8, 14.1, 14.0; In line with previously
reported spectra.['!]
methyl (2R)-2-allylcyclopentane-1-carboxylate (3m)

CO,Me

SN

Colorless liquid; (39 mg, 58%); Rr= 0.31 (50 : 1 petroleum ether / ethyl acetate); dr = 1:1;
"H NMR (400 MHz, Chloroform-d): & 5.83 — 5.70 (m, 1H), 5.05 — 4.94 (m, 2H), 3.67 (s,
1.5H), 3.65 (s, 1.5H), 2.90 — 2.81 (m, 0.5H), 2.41 — 2.34 (m, 0.5H), 2.26 — 2.18 (m, 1H),
2.16 —2.04 (m, 1H), 1.97 = 1.77 (m, 4H), 1.70 — 1.64 (m, 1H), 1.59 — 1.45 (m, 1H), 1.32 —
1.20 (m, 1H); *C NMR (101 MHz, Chloroform-d): & 177.0, 175.7, 137.6, 137.0, 115.8,
115.4,51.6, 51.1,49.6, 47.3, 43.6, 43.0, 39.2, 35.5, 32.0, 30.9, 30.3, 28.3, 24.6, 23.7; ESI-
HRMS: Calcd for C19H1602* [M+H]* 169.1223, found 169.1218.

2-methylhex-5-enamide (3n)

0

HZNM

Me
Colorless liquid; (25 mg, 50%); Rr= 0.26 (1 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.85 - 5.73 (m, 1H), 5.51 (br, 2H), 5.08 — 4.95 (m, 2H), 2.37 —
2.23 (m, 1H), 2.11 (p, J = 6.7 Hz, 2H), 1.83 — 1.73 (m, 1H), 1.50 (m, 1H), 1.17 (d, J=6.9
Hz, 3H); '3*C NMR (101 MHz, Chloroform-d): & 178.8, 138.0, 115.1, 39.9, 33.1, 31.4, 17.8;
ESI-HRMS: Calcd for C7H13sNO* [M+H]* 128.1070, found 128.1065.
N-butylhex-5-enamide (30)
o]

MG/V\NJJ\M

H
Colorless liquid; (41 mg, 60%); Rr= 0.29 (3 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.84 — 5.72 (m, 1H), 5.56 (br, 1H), 5.06 — 4.95 (m, 2H), 3.25
(q, J=7.0Hz, 2H), 217 (t, J = 7.6 Hz, 2H), 2.13 — 2.05 (m, 2H), 1.79 — 1.70 (m, 2H), 1.52
- 1.44 (m, 2H), 1.38 — 1.31 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H); *C NMR (101 MHz,
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Chloroform-d): & 172.7, 137.9, 115.2, 39.2, 36.0, 33.1, 31.7, 24.8, 20.0, 13.7; In line with
previously reported spectra.['?]
N,N-dimethylhex-5-enamide (3p)
0
Me\,}l)]\/\/\
Me
Colorless liquid; (38 mg, 67%); Rf= 0.31 (5 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.86 — 5.74 (m, 1H), 5.08 — 4.94 (m, 2H), 3.00 (s, 3H), 2.95 (s,
3H), 2.32 (t, 2H), 2.12 (q, J = 7.1 Hz, 2H), 1.81 — 1.69 (m, 2H); *C NMR (101 MHz,
Chloroform-d): & 173.0, 138.1, 115.0, 37.2, 35.3, 33.3, 32.4, 24.2; In line with previously
reported spectra.l'3]
1-morpholinohex-5-en-1-one (3q)
o}
(\NJJ\A/\
o}
Colorless liquid; (46 mg, 63%); Rr= 0.33 (5 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 5.91 - 5.73 (m, 1H), 5.07 — 4.97 (m, 2H), 3.69 — 3.65 (m, 4H),
3.64 — 3.59 (m, 2H), 3.48 — 3.43 (m, 2H), 2.35 — 2.29 (m, 2H), 2.12 (q, J = 7.1 Hz, 2H),
1.80 — 1.71 (m, 2H); '3C NMR (101 MHz, Chloroform-d): & 171.5, 137.9, 115.2, 66.9, 66.6,
45.9,41.8, 33.2, 32.1, 24.2; In line with previously reported spectra.l'
(S)-3-allyl-1-butylpyrrolidine-2,5-dione (3r)
0

P
"Bu—N

o}
White solid; mp 83-85 °C; (62 mg, 79%); Rr= 0.32 (20 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d):  5.76 — 5.63 (m, 1H), 5.19 — 5.09 (m, 2H), 3.49 (t, J =
7.4 Hz, 2H), 2.95-2.86 (m, 1H), 2.82 — 2.72 (m, 1H), 2.65 - 2.56 (m, 1H), 2.47 — 2.40 (m,
1H), 2.39 — 2.31 (m, 1H), 1.59 — 1.48 (m, 2H), 1.35 - 1.25 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H);
3C NMR (101 MHz, Chloroform-d): & 179.3, 176.5, 133.1, 118.8, 39.1, 38.6, 35.1, 33.3,
29.7, 20.0, 13.6; ESI-HRMS: Calcd for C11H17NO2* [M+H]* 196.1332, found 196.1326.
(S)-3-allyl-1-cyclohexylpyrrolidine-2,5-dione (3s)

] Y.

o}
White solid; mp 79-82 °C; (68 mg, 77%); Rr= 0.33 (20 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): 8 5.75 — 5.62 (m, 1H), 5.17 — 5.09 (m, 2H), 4.01 — 3.91
(m, 1H), 2.87 —=2.79 (m, 1H), 2.76 — 2.68 (m, 1H), 2.61 —2.53 (m, 1H), 2.43 — 2.30 (m, 2H),
2.20-2.07 (m, 2H), 1.86 — 1.78 (m, 2H), 1.69 — 1.62 (m, 1H), 1.59 — 1.52 (m, 2H), 1.36 —
1.19 (m, 3H); 'C NMR (101 MHz, Chloroform-d): & 179.4, 176.6, 133.0, 118.8, 51.7, 38.7,
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35.2, 33.3, 28.8, 28.8, 25.8, 25.0; ESI-HRMS: Calcd for C13H19NO2*" [M+H]* 222.1489,
found 222.1480.
(S)-3-allyl-1-phenylpyrrolidine-2,5-dione (3t)

7
Ph_N;\’:l/\/

o)
White solid; mp 84—-86 °C; (71 mg, 83%); Rr= 0.27 (20 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): & 7.49 — 7.43 (m, 2H), 7.40 — 7.34 (m, 1H), 7.30 — 7.23
(m, 2H), 5.83 -5.70 (m, 1H), 5.23 - 5.13 (m, 2H), 3.10 — 3.01 (m, 1H), 2.97 — 2.87 (m, 1H),
2.70 — 2.63 (m, 1H), 2.62 — 2.55 (m, 1H), 2.52 — 2.42 (m, 1H); *C NMR (101 MHz,
Chloroform-d): & 178.2, 175.3, 132.8, 131.8, 129.0, 128.4, 126.3, 119.0, 39.2, 35.1, 33.4;
ESI-HRMS: Calcd for C13H13NO2* [M+H]* 216.1019, found 216.1011.
hex-5-enenitrile (3u)
NGNS
Colorless liquid; (24 mg, 63%); Rr=0.31 (100 : 1 petroleum ether / ethyl acetate); Because
hex-5-enenitrile is volatile, the yield was measured by crude 'H NMR spectroscopy using
1,3,5-trimethoxybenzene as an internal standard. '"H NMR (400 MHz, Chloroform-d): &
5.83-5.63 (m, 1H), 5.16 —4.99 (m, 2H), 2.33 (t, J=7.2 Hz, 2H), 2.25 - 2.15 (m, 2H), 1.79
—1.67 (m, 2H); In line with previously reported spectra.l5
(R)-2-(1-phenylbut-3-en-1-yl)malononitrile (3v)

CN

A
NC)\/\/

Ph
Colorless liquid; (33 mg, 42%); Rr= 0.32 (20 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.49 — 7.30 (m, 5H), 5.76 — 5.58 (m, 1H), 5.32 — 5.13 (m, 2H),
4.02 (d, J = 5.6 Hz, 1H), 3.34 — 3.22 (m, 1H), 2.80 — 2.68 (m, 2H); *C NMR (101 MHz,
Chloroform-d): & 136.3, 133.0, 129.2, 129.0, 127.9, 119.9, 111.9, 111.5, 45.9, 36.4, 28.9;
In line with previously reported spectra.['®!
2-(but-3-en-1-yl)pentanedinitrile (3w)

CN

NG AP
Colorless liquid; (38 mg, 64%); Rr= 0.31 (30 : 1 petroleum ether / ethyl acetate); "H NMR
(400 MHz, Chloroform-d): 8 5.82 - 5.70 (m, 1H), 5.17 — 5.07 (m, 2H), 2.83 — 2.72 (m, 1H),
2.67 —2.51 (m, 2H), 2.39 — 2.29 (m, 1H), 2.28 — 2.18 (m, 1H), 2.02 — 1.94 (m, 2H), 1.85 —
1.76 (m, 1H), 1.76 — 1.66 (m, 1H); 3C NMR (101 MHz, Chloroform-d): & 135.6, 120.0,
117.9,117.0, 30.9, 30.9, 30.1, 28.1, 15.3; ESI-HRMS: Calcd for CoH12N2* [M+H]* 149.1073,
found 149.1068.
ethyl (3R)-2-cyano-3-phenylhex-5-enoate (3x)
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CO,Et

NC

Ph
White solid; mp 56-58 °C; (73 mg, 75%); Rr= 0.27 (20 : 1 petroleum ether / ethyl acetate);
dr = 1.3:1; '"H NMR (400 MHz, Chloroform-d): & 7.37 — 7.26 (m, 5H), 5.77 — 5.53 (m, 1H),
5.31-4.96 (m, 2H), 4.18 — 4.03 (m, 2H), 3.88 (d, J = 5.5 Hz, 1H), 3.70 (d, J = 6.4 Hz, OH),
3.51-3.37 (m, 1H), 2.76 — 2.62 (m, 2H), 1.17 (t, J= 7.1 Hz, 1H), 1.09 (t, J = 7.1 Hz, 2H);
3C NMR (101 MHz, Chloroform-d): & 165.4, 165.1, 138.8, 138.2, 134.3, 134.1, 128.8,
128.6, 128.0, 128.0, 127.9, 127.8, 118.9, 118.2, 115.6, 115.2, 62.7, 62.6, 45.5, 45.0, 44.2,
43.3,37.6, 36.5, 13.8; ESI-HRMS: Calcd for C15sH17NO2*" [M+H]* 244.1332, found 244.1325.
oct-7-en-3-one (3y)
MeAn/\/\?

o}
Colorless liquid; (31 mg, 62%); Rr= 0.32 (60 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 8 5.76 — 5.63 (m, 1H), 5.00 — 4.87 (m, 2H), 2.40 — 2.28 (m, 4H),
1.99 (q, J = 7.0 Hz, 2H), 1.67 — 1.56 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H); "*C NMR (101 MHz,
Chloroform-d): & 211.6, 138.0, 115.2, 41.5, 36.0, 33.1, 22.9, 7.8; In line with previously
reported spectra.l'”]

undec-1-en-6-one (32)

Me/V\)M

Colorless liquid; (45 mg, 67%); Rr=0.26 (60 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 5.77 — 5.63 (m, 1H), 4.99 — 4.85 (m, 2H), 2.32 (q, J = 7.8 Hz,
4H), 1.98 (q, J = 7.1 Hz, 2H), 1.64 — 1.56 (m, 2H), 1.54 — 1.46 (m, 2H), 1.26 — 1.16 (m, 4H),
0.82 (t, J = 7.0 Hz, 3H); 'C NMR (101 MHz, Chloroform-d): & 211.2, 138.0, 115.1, 42.8,
41.8, 33.1, 31.4, 23.5, 22.8, 22.4, 13.9; ESI-HRMS: Calcd for C11H200* [M+H]* 169.1587,
found 169.1581.
3-isobutylhept-6-en-2-one (3aa)

2 Me
Me #
Colorless liquid; (46 mg, 68%); Rr= 0.27 (60 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.82 — 5.69 (m, 1H), 5.05 — 4.94 (m, 2H), 2.62 — 2.49 (m, 1H),
213 (s, 3H),2.01(q, J=7.0Hz, 2H), 1.72-1.63 (m, 1H), 1.56 — 1.43 (m, 3H), 1.26 — 1.18
(m, 1H), 0.91 — 0.87 (m, 6H); '3C NMR (101 MHz, Chloroform-d): & 212.8, 137.9, 115.1,
50.4, 40.9, 31.5, 31.0, 28.7, 26.1, 22.9, 22.4; ESI-HRMS: Calcd for C11{H200* [M+H]*
169.1587, found 169.1582.

3-(but-3-en-1-yl)bicyclo[2.2.1]heptan-2-one (3ab)
K\A’\/\/\
o}
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Colorless liquid; (43 mg, 66%); Rr= 0.27 (60 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.85 -5.73 (m, 1H), 5.10 — 4.92 (m, 2H), 2.65 — 2.57 (m, 2H),
2.18 - 2.00 (m, 3H), 1.86 — 1.76 (m, 2H), 1.71 — 1.65 (m, 1H), 1.62 — 1.56 (m, 3H), 1.46 —
1.36 (m, 1H), 1.33 — 1.26 (m, 1H); '3C NMR (101 MHz, Chloroform-d): & 220.0, 137.9,
115.1, 52.9, 50.5, 38.1, 37.0, 32.0, 25.5, 25.3, 21.1; In line with previously reported
spectra.l'8]

(R)-3-allylcyclohexan-1-one (3ac)

PO

Colorless liquid; (22 mg, 40%); Rr= 0.26 (60 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d):  5.81 — 5.68 (m, 1H), 5.10 — 4.99 (m, 2H), 2.45 — 2.33 (m, 2H),
2.30-2.21 (m, 1H), 2.13 - 2.00 (m, 4H), 1.93 — 1.81 (m, 2H), 1.70 — 1.61 (m, 1H), 1.40 —
1.32 (m, 1H); *C NMR (101 MHz, Chloroform-d): & 211.8, 135.7, 116.8, 47.8, 41.4, 40.8,
38.8, 30.9, 25.2; In line with previously reported spectra.l'l
(R)-3-allylcyclopentan-1-one (3ad)

o)

SR

Colorless liquid; (24 mg, 48%); Rr= 0.27 (60 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 5.86 —5.73 (m, 1H), 5.12 — 4.99 (m, 2H), 2.42 — 2.24 (m, 3H),
222 — 211 (m, 4H), 1.91 — 1.81 (m, 1H), 1.64 — 1.52 (m, 1H); *C NMR (101 MHz,
Chloroform-d): & 219.6, 136.2, 116.4, 44.7, 39.5, 38.3, 36.6, 28.9; In line with previously
reported spectra.l?0

(3R)-3-allyl-2-methylcyclopentan-1-one (3ae)

A Me

aON

Colorless liquid; (23 mg, 41%); Rs= 0.29 (60 : 1 petroleum ether / ethyl acetate); dr=3.8 :
1; 'TH NMR (400 MHz, Chloroform-d): & 5.90 — 5.74 (m, 1H), 5.14 — 5.00 (m, 2H), 2.49 -
2.31 (m, 2H), 2.25 — 2.05 (m, 3H), 1.80 — 1.69 (m, 2H), 1.50 — 1.39 (m, 1H), 1.09 (d, J =
6.5 Hz, 2.37 H), 1.01 (d, J = 6.9 Hz, 0.63 H); '*C NMR (101 MHz, Chloroform-d): 5 221.0,
136.7, 135.8, 116.6, 116.2, 49.7, 47.0, 44.4, 39.5, 38.3, 37.3, 35.8, 33.7, 26.8, 25.0, 12.6,
9.7; In line with previously reported spectra.?]

(pent-4-en-1-ylsulfonyl)benzene (3af)

White solid; mp 70-72 °C; (64 mg, 77%); Rr= 0.27 (20 : 1 petroleum ether / ethyl acetate);

"H NMR (400 MHz, Chloroform-d): 5 7.95 — 7.88 (m, 2H), 7.69 — 7.64 (m, 1H), 7.61 — 7.54

(m, 2H), 5.75-5.61 (m, 1H), 5.05 —4.94 (m, 2H), 3.14 — 3.04 (m, 2H), 2.13 (q, J = 7.1 Hz,
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2H), 1.87 — 1.76 (m, 2H); "*C NMR (101 MHz, Chloroform-d): & 139.0, 136.2, 133.6, 129.2,
127.9, 116.4, 55.4, 31.9, 21.7; In line with previously reported spectra.l?!
4,4,5,5-tetramethyl-2-(pent-4-en-1-yl)-1,3,2-dioxaborolane (3ag)
Meﬁ/\/\?
Me

Me Me
Colorless liquid; (38 mg, 49%); Rr=0.32 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 5.86 — 5.74 (m, 1H), 5.05 — 4.87 (m, 2H), 2.05 (q, J = 7.0 Hz,
2H), 1.55 — 1.46 (m, 2H), 1.24 (s, 12H), 0.79 (t, J = 7.8 Hz, 2H); 3C NMR (101 MHz,
Chloroform-d): & 138.9, 114.4, 82.9, 36.4, 24.8, 23.4; In line with previously reported
spectra.l??]

diethyl pent-4-en-1-ylphosphonate (3ah)

/\\P\W
EtO OEt

Colorless liquid; (54 mg, 66%); Rs= 0.30 (3 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): d 5.85 — 5.69 (m, 1H), 5.08 —4.96 (m, 2H), 4.15 — 4.04 (m, 4H),
2.14 (q, J = 6.5 Hz, 2H), 1.78 — 1.67 (m, 4H), 1.32 (t, J = 7.1 Hz, 6H); 1*C NMR (101 MHz,
Chloroform-d): & 137.3, 115.6,61.3 (d, J=6.5Hz), 34.3 (d, J=17.3 Hz),24.9 (d, J= 1411
Hz), 21.6 (d, J = 4.9 Hz), 16.4 (d, J = 5.9 Hz); In line with previously reported spectra.l?l
pent-4-en-1-yltriphenylphosphonium chloride (3ai)

PhSE’;W

White solid; mp 153—-155 °C; (84 mg, 57%); Rr= 0.25 (10 : 1 dichloromethane / methanol);
"H NMR (400 MHz, Chloroform-d): 5 7.86 — 7.79 (m, 9H), 7.76 — 7.71 (m, 6H), 5.79 — 5.65
(m, 1H), 5.10 — 4.97 (m, 2H), 3.81 — 3.69 (m, 2H), 2.46 — 2.36 (m, 2H), 1.82 — 1.72 (m, 2H);
3C NMR (101 MHz, Chloroform-d): & 135.95 , 134.76 (d, J = 2.9 Hz), 133.21 (d, J = 10.0
Hz), 130.21 (d, J = 12.5 Hz), 117.81 (d, J = 85.9 Hz), 116.63 , 33.44 (d, J = 16.5 Hz), 21.56
(d, J=9.0 Hz), 21.29 (d, J = 38.0 Hz); In line with previously reported spectra.?4
(R)-3-allylchroman-2-one (3aj)

CcCr”
o "0

White solid; mp 70-72 °C; (28 mg, 37%); Rr= 0.29 (30 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): 5 7.28 — 7.23 (m, 1H), 7.19 - 7.15 (m, 1H), 7.12 - 7.07
(m, 1H), 7.06 — 7.02 (m, 1H), 5.90 - 5.78 (m, 1H), 5.18 —5.10 (m, 2H), 3.04 —2.96 (m, 1H),
2.87 — 2.67 (m, 3H), 2.40 — 2.30 (m, 1H); "*C NMR (101 MHz, Chloroform-d): & 170.4,
151.6, 134.3, 128.2, 128.1, 124.3, 122.5, 118.2, 116.6, 38.7, 33.9, 28.6; In line with
previously reported spectra.?]

1-(tert-butyl)-4-(pent-4-en-1-yl)benzene (3ak)
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/©/\M
Bu

Colorless liquid; (31mg, 38%); Rs= 0.52 (petroleum ether); '"H NMR (400 MHz, Chloroform-
d):67.30(d, J=8.3Hz, 2H),7.12 (d, J=8.3 Hz, 2H), 5.90 - 5.78 (m, 1H), 5.06 — 4.94 (m,
2H), 2.59 (t, J = 7.6 Hz, 2H), 2.10 (q, J = 7.0 Hz, 2H), 1.77 — 1.66 (m, 2H), 1.31 (s, 9H); °C
NMR (101 MHz, Chloroform-d): 6 148.4, 139.4, 138.7, 128.1, 125.1, 114.6, 34.8, 34.3, 33 .4,
31.4, 30.6; In line with previously reported spectra.l2d

4-(pent-4-en-1-yl)benzonitrile (3al)

/@/\/\/
NC

Colorless liquid; (29 mg, 43%); Rs= 0.35 (petroleum ether); '"H NMR (400 MHz, Chloroform-
d): 87.57 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 5.88 — 5.73 (m, 1H), 5.07 — 4.96 (m,
2H), 2.68 (t, J = 7.7 Hz, 2H), 2.09 (q, J = 7.1 Hz, 2H), 1.73 (p, J = 7.5 Hz, 2H); *C NMR
(101 MHz, Chloroform-d): & 148.1, 137.9, 132.1, 129.2, 119.1, 115.2, 109.6, 35.4, 33.1,
30.0; In line with previously reported spectra.[?6!

1-(pent-4-en-1-yl)-4-(trifluoromethyl)benzene (3am)

o

Colorless liquid; (34 mg, 40%); Rr= 0.43 (petroleum ether); "H NMR (400 MHz, Chloroform-
d): 57.53 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.88 — 5.76 (m, 1H), 5.07 — 4.96 (m,
2H), 2.68 (t, J = 7.6 Hz, 2H), 2.10 (q, J = 7.0 Hz, 2H), 1.78 — 1.68 (m, 2H); '3C NMR (101
MHz, Chloroform-d): & 146.5 (q, J = 1.1 Hz), 138.2, 128.7, 128.6 (q, J = 32.3 Hz), 125.2 (q,
J = 3.7 Hz), 124.4 (q, J = 272.8 Hz), 115.1, 35.1, 33.1, 30.3; "F NMR (376 MHz,
Chloroform-d): & -62.3. In line with previously reported spectra.?”]

methyl 4-(pent-4-en-1-yl)benzoate (3an)

/@/\M
MeOzC

Colorless liquid; (34 mg, 42%); Rr=0.21 (petroleum ether); "H NMR (400 MHz, Chloroform-
d):57.88(d,J=7.9Hz 2H),7.17 (d, J = 8.1 Hz, 2H), 5.82 - 5.65 (m, 1H), 4.99 — 4.87 (m,
2H), 3.83 (s, 3H), 2.60 (t, 2H), 2.01 (9, J = 7.0 Hz, 2H), 1.72 — 1.62 (m, 2H); "*C NMR (101
MHz, Chloroform-d): 6 167.1, 148.0, 138.2, 129.6, 128.5, 115.0, 51.9, 35.3, 33.2, 30.2; In
line with previously reported spectra.[?®!
2-(pent-4-en-1-yl)pyridine (3ao0)

N &
| =
Colorless liquid; (32 mg, 54%); Rr= 0.31 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 6 8.59 — 8.48 (m, 1H), 7.64 — 7.52 (m, 1H), 7.19 — 7.03 (m, 2H),
5.94 - 575 (m, 1H), 5.12 - 4.90 (m, 2H), 2.80 (t, J = 7.8 Hz, 2H), 2.12 (q, J = 7.2 Hz, 2H),
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1.94 — 1.75 (m, 2H); '3C NMR (101 MHz, Chloroform-d): & 162.0, 149.1, 138.3, 136.1,
122.6, 120.8, 114.7, 37.6, 33.3, 28.9; In line with previously reported spectra.®!
pent-4-ene-1,1-diyldibenzene (3ap)

Phw

Colorless liquid; (47 mg, 53%); Rr=0.24 (petroleum ether); '"H NMR (400 MHz, Chloroform-
d):57.30-7.22 (m, 8H), 7.19 - 7.15 (m, 2H), 5.89 — 5.75 (m, 1H), 5.02 — 4.93 (m, 2H),
3.92 (t, J=7.7 Hz, 1H), 2.18 — 2.10 (m, 2H), 2.01 (9, J = 7.1 Hz, 2H); *C NMR (101 MHz,
Chloroform-d): & 144.9, 138.3, 128.4, 127.9, 126.1, 114.9, 50.5, 34.7, 32.0; In line with
previously reported spectra.l3%

ethyl 2-phenylhex-5-enoate (3aq)

CO,Et
Ph Z
Colorless liquid; (42 mg, 48%); Rr=0.28 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.34 — 7.29 (m, 4H), 7.27 — 7.23 (m, 1H), 5.84 — 5.72 (m, 1H),
5.04 —4.95 (m, 2H), 4.19-4.03 (m, 2H), 3.56 (t, J = 7.6 Hz, 1H), 2.23 - 2.12 (m, 1H), 2.02
(9, J = 7.0 Hz, 2H), 1.91 — 1.81 (m, 1H), 1.20 (t, J = 7.1 Hz, 3H); '*C NMR (101 MHz,
Chloroform-d): & 173.9, 139.0, 137.6, 128.6, 127.9, 127.2, 115.4, 60.7, 50.9, 32.6, 31.5,
14.1; In line with previously reported spectra.®l

(1,1,1-trifluorohex-5-en-2-yl)benzene (3ar)

W
Ph

Colorless liquid; (39 mg, 45%); Rr=0.32 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.39 — 7.31 (m, 3H), 7.29 — 7.24 (m, 2H), 5.79 — 5.67 (m, 1H),
5.04 — 4.91 (m, 2H), 3.32 — 3.21 (m, 1H), 2.13 — 1.93 (m, 3H), 1.91 — 1.79 (m, 1H); °C
NMR (101 MHz, Chloroform-d): 6 137.0, 134.5 (q, J = 2.0 Hz), 129.1, 128.7, 128.2, 127.0
(9, J = 280.7 Hz), 115.9, 49.1 (q, J = 26.5 Hz), 30.5, 27.7 (q, J = 26.5 Hz); '°F NMR (376
MHz, Chloroform-d): & -69.7; ESI-HRMS: Calcd for C12H13F3* [M+H]" 215.1042, found
215.1033.
phenyl but-3-enoate (3as)
PhO S

\Cr)l/v
Colorless liquid; (21 mg, 33%); Rr= 0.28 (50 : 1 petroleum ether / ethyl acetate); "H NMR
(400 MHz, Chloroform-d): 6 7.37 — 7.31 (m, 2H), 7.22 —= 7.16 (m, 1H), 7.10 — 7.04 (m, 2H),
6.07 — 5.95 (m, 1H), 5.29 — 5.20 (m, 2H), 3.32 — 3.28 (m, 2H); "*C NMR (101 MHz,
Chloroform-d): & 169.7, 150.5, 129.5, 129.3, 125.7, 121.3, 119.0, 38.9; In line with
previously reported spectra.l3?

phenyl pent-4-enoate (3at)
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PhO\[M

o}
Colorless liquid; (16 mg, 23%); Rr= 0.30 (40 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 7.40 — 7.33 (m, 2H), 7.24 — 7.17 (m, 1H), 7.13 — 7.03 (m, 2H),
5.97 - 5.82 (m, 1H), 5.18 — 5.02 (m, 2H), 2.66 (t, J = 7.5 Hz, 2H), 2.50 (q, J = 7.2 Hz, 2H);
3C NMR (101 MHz, Chloroform-d):  171.4, 150.7, 136.3, 129.3, 125.7, 121.5, 115.9, 33.6,
28.8. In line with previously reported spectra.*
Phenyl hex-5-enoate (3au)
PhO _

\g/\/\/
Colorless liquid; (54 mg, 71%); Rr= 0.26 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d):  7.41 — 7.34 (m, 2H), 7.25 - 7.19 (m, 1H), 7.10 — 7.04 (m, 2H),
5.88 - 5.77 (m, 1H), 5.11 = 5.01 (m, 2H), 2.57 (t, J = 7.5 Hz, 2H), 2.19 (q, J = 7.1 Hz, 2H),
1.91 — 1.82 (m, 2H); "*C NMR (101 MHz, Chloroform-d): & 172.1, 150.7, 137.5, 129.4,
125.7,121.5, 115.6, 33.6, 33.0, 24.0; In line with previously reported spectra.l34
phenyl hept-6-enoate (3av)
PhOM

0
Colorless liquid; (52 mg, 64%); Rr=0.28 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 7.33 — 7.26 (m, 2H), 7.17 - 7.11 (m, 1H), 7.02 — 6.97 (m, 2H),
5.82 -5.66 (m, 1H), 5.01 —4.85 (m, 2H), 2.48 (t, J= 7.5 Hz, 2H), 2.08 — 2.01 (m, 2H), 1.75
—1.65 (m, 2H), 1.49 — 1.40 (m, 2H); '3C NMR (101 MHz, Chloroform-d): & 172.1, 150.7,
138.2, 129.3, 125.7, 121.5, 114.8, 34.2, 33.3, 28.3, 24.3. ESI-HRMS: Calcd for C43H1702*
[M+H]* 205.1223, found 205.1224.
phenyl oct-7-enoate (3aw)
Pho\n/\/\/\?

o]
Colorless liquid; (58 mg, 66%); Rr= 0.29 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d):  7.40 — 7.34 (m, 2H), 7.24 — 7.18 (m, 1H), 7.10 — 7.04 (m, 2H),
5.87 —5.75 (m, 1H), 5.05 - 4.93 (m, 2H), 2.55 (t, J = 7.5 Hz, 2H), 2.08 (q, J = 6.8 Hz, 2H),
1.83 — 1.69 (m, 2H), 1.49 — 1.40 (m, 4H); 3C NMR (101 MHz, Chloroform-d): & 172.1,
150.7,138.7,129.3, 125.6, 121.5, 114.5, 34.3, 33.5, 28.5, 28.5, 24.7; In line with previously
reported spectra.3%
phenyl non-8-enoate (3ax)
Phcﬁ/\/\/\/%

o]
Colorless liquid; (56 mg, 60%); Rr= 0.30 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d):  7.41 — 7.34 (m, 2H), 7.25 - 7.19 (m, 1H), 7.10 — 7.04 (m, 2H),
5.87 —5.75 (m, 1H), 5.04 — 4.91 (m, 2H), 2.55 (t, J = 7.5 Hz, 2H), 2.06 (q, J = 6.8 Hz, 2H),
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1.80 — 1.71 (m, 2H), 1.47 — 1.36 (m, 6H); '3C NMR (101 MHz, Chloroform-d): & 172.3,
150.7, 138.9, 129.4, 125.7, 121.6, 114.3, 34.4, 33.7, 28.9, 28.7, 28.7, 24.9; ESI-HRMS:
Calcd for C15H2002" [M+H]* 233.1536, found 233.1531.
phenyl dec-9-enoate (3ay)
PhOW

o]
Colorless liquid; (57 mg, 58%); Rr= 0.27 (40 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 7.34 — 7.26 (m, 2H), 7.18 — 7.11 (m, 1H), 7.02 — 6.96 (m, 2H),
5.81-5.66 (m, 1H), 4.98 — 4.81 (m, 2H), 2.47 (t, J = 7.5 Hz, 2H), 1.98 (q, J = 6.9 Hz, 2H),
1.72 — 1.62 (m, 2H), 1.37 — 1.25 (m, 8H); "*C NMR (101 MHz, Chloroform-d): & 172.2,
150.7, 139.0, 129.3, 125.7, 121.5, 114.2, 34.4, 33.7, 29.1, 29.0, 28.9, 28.8, 24.9. ESI-
HRMS: Calcd for C16H2302* [M+H]* 247.1693, found 247.1693.
phenyl undec-10-enoate (3az)

Pho\[]/VM

0]

Colorless liquid; (61 mg, 59%); Rr= 0.29 (40 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): 8 7.40 — 7.34 (m, 2H), 7.24 — 7.18 (m, 1H), 7.11 = 7.02 (m, 2H),
5.89 -5.71 (m, 1H), 5.04 — 4.86 (m, 2H), 2.55 (t, J = 7.5 Hz, 2H), 2.04 (q, J = 6.8 Hz, 2H),
1.79 — 1.71 (m, 2H), 1.44 — 1.29 (m, 10H); '3C NMR (101 MHz, Chloroform-d): & 172.3,
150.7, 139.1, 129.3, 125.7, 121.5, 114.1, 34.4, 33.8, 29.3, 29.2, 29.1, 29.0, 28.9, 24.9; In

line with previously reported spectra.®]
phenyl tridec-12-enoate (3ba)

F’hom/\/\/\/\/\/\

o}
Colorless liquid; (70 mg, 61%); Rr=0.32 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.34 — 7.27 (m, 2H), 7.17 —= 7.12 (m, 1H), 7.02 — 6.98 (m, 2H),
5.82 - 5.67 (m, 1H), 4.97 — 4.82 (m, 2H), 2.48 (t, J = 7.5 Hz, 2H), 1.97 (q, J = 6.8 Hz, 2H),
1.74 — 1.63 (m, 2H), 1.35 — 1.20 (m, 14H); *C NMR (101 MHz, Chloroform-d): & 172.3,
150.8,139.2,129.4,125.7,121.6, 114.1, 34.4, 33.8, 29.5, 29.5,29.4,29.2,29.1,29.1, 28.9,
25.0; ESI-HRMS: Calcd for C1gH2802* [M+H]* 289.2162, found 289.2152.
phenyl hexadec-15-enoate (3bb)
Pho\n/\/\/\/\/\/\/v/

o]
Colorless liquid; (73 mg, 55%); Rr= 0.28 (40 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d):  7.40 — 7.33 (m, 2H), 7.24 — 7.18 (m, 1H), 7.10 — 7.05 (m, 2H),
5.87 —5.75 (m, 1H), 5.03 — 4.89 (m, 2H), 2.55 (t, J = 7.5 Hz, 2H), 2.08 — 1.99 (m, 2H), 1.80
—1.69 (m, 2H), 1.44 — 1.26 (m, 20H); *C NMR (101 MHz, Chloroform-d) & 172.3, 150.8,
139.2, 129.3, 125.6, 121.6, 114.1, 34.4, 33.8, 29.6, 29.6, 29.6, 29.6, 29.5, 29.4, 29.2, 29.1,
29.1, 28.9, 24.9. ESI-HRMS: Calcd for C22H3502" [M+H]* 331.2632, found 331.2632.
phenyl (R)-4-methylhept-6-enoate (3bc)
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Me

PhO\H/\M

o]
Colorless liquid; (62 mg, 71%); Rr= 0.32 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 7.40 — 7.32 (m, 2H), 7.24 — 7.18 (m, 1H), 7.09 — 7.04 (m, 2H),
5.86 —5.73 (m, 1H), 5.08 — 4.99 (m, 2H), 2.64 — 2.48 (m, 2H), 2.17 — 2.07 (m, 1H), 2.02 —
1.92 (m, 1H), 1.87 — 1.77 (m, 1H), 1.68 — 1.52 (m, 2H), 0.95 (d, J = 6.5 Hz, 3H); 3C NMR
(101 MHz, Chloroform-d): 6 172.3, 150.7, 136.8, 129.3, 125.6, 121.5, 116.1, 41.0, 32.3,
32.1, 31.3, 19.1; ESI-HRMS: Calcd for C14H1802 [M+H]* 219.1380, found 219.1372.
phenyl (R)-4-(methyl-d3)hept-6-enoate (3bd)
CDs4

PhOM

o]

Colorless liquid; (56 mg, 63%); Rr= 0.31 (40 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.40 — 7.34 (m, 2H), 7.24 — 7.18 (m, 1H), 7.11 = 7.04 (m, 2H),
5.86 — 5.73 (m, 1H), 5.09 — 4.98 (m, 2H), 2.63 — 2.50 (m, 2H), 2.17 — 2.07 (m, 1H), 2.02 -
1.92 (m, 1H), 1.88 — 1.77 (m, 1H), 1.65 — 1.53 (m, 2H); '3C NMR (101 MHz, Chloroform-d)
0 172.4,150.7, 136.8, 129.4, 125.7, 121.5, 116.1, 40.9, 32.2, 32.1, 31.2, 18.2 (heptet, J =
19.0 Hz). ESI-HRMS: Calcd for C14H16D302" [M+H]* 222.1568, found 222.1571.

phenyl 3-(1-allylcyclopentyl)propanoate (3be)

PhO\H/\Q/\

o}

Colorless liquid; (74 mg, 72%); Rr= 0.31 (50 : 1 petroleum ether / ethyl acetate); 'H NMR
(400 MHz, Chloroform-d): & 7.41 — 7.34 (m, 2H), 7.25 - 7.19 (m, 1H), 7.10 — 7.05 (m, 2H),
5.89 — 5.76 (m, 1H), 5.11 — 5.04 (m, 2H), 2.58 — 2.48 (m, 2H), 2.14 — 2.05 (m, 2H), 1.81 —
1.74 (m, 2H), 1.67 — 1.60 (m, 4H), 1.54 — 1.46 (m, 2H), 1.45 — 1.37 (m, 2H); "*C NMR (101
MHz, Chloroform-d): & 172.7, 150.8, 135.5, 129.4, 125.7, 121.5, 1171, 44.6, 42.7, 37.0,
33.7, 30.3, 24.7; ESI-HRMS: Calcd for C17H2202" [M+H]* 259.1693, found 259.1683.
phenyl (R)-3-(cyclopent-2-en-1-yl)propanoate and phenyl 3-(cyclopent-3-en-1-
yl)propanoate (3bf)

¢}
1:1

Colorless liquid; (55 mg, 64%); Rr= 0.30 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.32 — 7.27 (m, 2H), 7.16 — 7.11 (m, 1H), 7.02 — 6.97 (m, 2H),
5.73 - 5.68 (m, 0.5H), 5.64 — 5.60 (m, 1.5H), 2.73 — 2.66 (m, 0.5H), 2.52 — 2.48 (m, 2.5H),
2.46 — 2.43 (m, 0.5H), 2.32 — 2.21 (m, 1.5H), 2.07 — 1.97 (m, 1H), 1.96 — 1.93 (m, 0.5H),
1.82 - 1.76 (m, 1.5H), 1.73 — 1.66 (m, 0.5H), 1.43 — 1.35 (m, 0.5H); '3C NMR (101 MHz,

Chloroform-d): 6 172.3, 172.2, 150.7, 133.9, 131.2, 129.7, 129.3, 125.7, 121.5, 44.8, 38.6,
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37.1,33.3, 32.6, 32.0, 31.3, 30.8, 29.3; ESI-HRMS: Calcd for C14H1602* [M+Na]* 239.1043,
found 239.1041.
(3R,5S)-3-allyl-2-methyl-5-(prop-1-en-2-yl)cyclohexan-1-one (3bg)

7
Me

Me
(¢}

Colorless liquid; (32 mg, 41%); Rr= 0.34 (50 : 1 petroleum ether / ethyl acetate); dr = 6:3:1;
"H NMR (400 MHz, Chloroform-d): 8 5.83 — 5.60 (m, 1H), 5.09 — 4.94 (m, 2H), 4.81 — 4.64
(m, 2H), 2.72 - 2.23 (m, 4H), 2.22 — 2.05 (m, 2H), 2.02 - 1.92 (m, 1H), 1.72 - 1.60 (m, 5H),
1.10 (d, J=6.8 Hz, 0.91H), 1.04 (d, J = 6.5 Hz, 0.29H), 1.01 (d, J = 6.8 Hz, 1.8H); *C NMR
(101 MHz, Chloroform-d): 6 213.7, 212.8, 147.5, 146.9, 136.4, 135.7, 117.1, 116.4, 111.4,
109.8,49.1,48.3,46.2,43.8, 40.6, 40.5, 40.4, 39.6, 38.0, 33.0, 31.8, 31.2, 21.6, 20.7, 13.7,
11.7; In line with previously reported spectra.l?l

methyl (3aS,4S,7S,7aR)-4-allyl-7-hydroxy-2,2-
dimethylhexahydrobenzo[d][1,3]dioxole-5-carboxylate (3bh)

Colorless liquid; (32 mg, 30%); Rr = 0.29 (3 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.86 — 5.72 (m, 1H), 5.11 — 5.07 (m, 1H), 5.05 (s, 1H), 4.28 —
4.19 (m, 1H), 4.05 — 3.97 (m, 2H), 3.68 (s, 3H), 2.57 (dt, J = 8.62, 4.72 Hz, 1H), 2.31 —
2.15 (m, 3H), 2.10 — 2.02 (m, 2H), 1.73 — 1.67 (m, 1H), 1.48 (s, 3H), 1.35 (s, 3H); 3C NMR
(101 MHz, Chloroform-d): 6 175.0, 134.9, 117.6, 108.8, 78.1, 76.4, 67.8, 51.7, 39.5, 39.1,
35.2, 30.6, 28.1, 26.2; ESI-HRMS: Calcd for C14H2305* [M+H]* 271.1540, found 271.1542.
(3S,8R,9S,10R,13S,14S)-10,13-dimethyl-17-0x0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl hex-5-enoate (3bi)

White solid; mp 145-147 °C; (92 mg, 60%): Rr=0.28 (30 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): 5 5.86 — 5.71 (m, 1H), 5.41 (d, J = 5.1 Hz, 1H), 5.08 —
4.96 (m, 2H), 4.67 — 4.57 (m, 1H), 2.51 — 2.42 (m, 1H), 2.36 — 2.27 (m, 4H), 2.14 — 2.05
(m, 4H),2.00 - 1.92 (m, 1H), 1.91 = 1.82 (m, 3H), 1.77 —1.70 (m, 2H), 1.69 — 1.64 (m, 3H),
1.62 —1.44 (m, 3H), 1.34 — 1.25 (m, 2H), 1.21 - 1.11 (m, 1H), 1.05 (s, 3H), 1.04 —0.99 (m,
1H), 0.89 (s, 3H); *C NMR (101 MHz, Chloroform-d): & 221.0, 173.0, 137.7, 121.8, 115.3,
73.5,51.7,50.1,47.5, 38.1, 36.9, 36.7, 35.8, 33.9, 33.0, 31.4, 31.4, 30.7, 27.7, 24 1, 21.8,
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20.3, 19.3, 13.5; ESI-HRMS: Calcd for C2sH3603" [M+H]* 385.2737, found 385.2723.
hex-5-enoyl-D-proline (3bj)

QJ\/\?

CO,H
Colorless liquid; (39 mg, 46%); Rs= 0.28 (100 : 3 : 1 dichloromethane / methanol / acetic
acid); '"H NMR (400 MHz, Chloroform-d): & 10.71 (s, 1H), 5.85 - 5.72 (m, 1H), 5.07 — 4.96
(m, 2H), 4.61-4.52 (m, 1H), 3.64 — 3.57 (m, 1H), 3.53 — 3.42 (m, 1H), 2.39 — 2.23 (m, 3H),
2.16 — 1.99 (m, 5H), 1.84 — 1.70 (m, 2H); "*C NMR (101 MHz, Chloroform-d): & 174.3,
173.5,137.8, 115.3,59.5, 47.6, 33.4, 33.0, 27.9, 24.6, 23.5. In line with previously reported
spectra.l?’]
(1aS,7aR,10aR,10bR,Z)-8-(but-3-en-1-yl)-1a,5-dimethyl-2,3,6,7,7a,8,10a,10b-
octahydrooxireno[2',3":9,10]cyclodeca[1,2-b]furan-9(1aH)-one (3bk)

Colorless liquid; (70 mg, 60%); R = 0.27 (5 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 5.91 - 5.73 (m, 1H), 5.21 —5.15 (m, 1H), 5.13 — 5.06 (m, 1H),
5.05-5.00 (m, 1H), 3.80 (t, J = 9.0 Hz, 1H), 2.70 (d, J = 9.0 Hz, 1H), 2.43 — 2.11 (m, 7H),
2.09 — 1.95 (m, 2H), 1.93 — 1.74 (m, 3H), 1.70 (s, 3H), 1.68 — 1.59 (m, 1H), 1.29 (s, 3H),
1.26 — 1.18 (m, 1H); "*C NMR (101 MHz, Chloroform-d): & 176.7, 137.5, 134.4, 125.0,
115.7,82.0,66.4,61.4,49.1,46.1,41.1, 36.6, 30.4, 29.9, 27 .4, 24.0,17.1, 16.9. ESI-HRMS:
Calcd for C1gH2703* [M+H]* 291.1955, found 291.1959.
(3aS,6aR,9aR,9bS)-3-(but-3-en-1-yl)-6,9-dimethylenedecahydroazuleno[4,5-b]furan-
2(3H)-one (3bl)

Colorless liquid; (46 mg, 42%); Rr= 0.24 (20 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 5.86 —5.74 (m, 1H), 5.21 —=5.17 (m, 1H), 5.10 — 5.03 (m, 2H),
5.03-4.98 (m, 1H), 4.87 (s, 1H), 4.78 (s, 1H), 3.90 (t, /= 9.3 Hz, 1H), 2.91 — 2.85 (m, 1H),
2.83-2.73 (m, 1H), 2.56 — 2.43 (m, 3H), 2.37 — 2.18 (m, 3H), 2.17 — 2.00 (m, 3H), 1.98 —
1.79 (m, 3H), 1.73 — 1.63 (m, 1H), 1.38 — 1.28 (m, 1H); "*C NMR (101 MHz, Chloroform-
d): 5 178.0, 151.6, 149.8, 137.6, 115.5, 111.9, 109.2, 84.9, 52.0, 47.4, 471, 45.7, 37 .4,
32.7, 32.4, 30.6, 30.1, 27.8. ESI-HRMS: Calcd for C1gH2502" [M+H]* 273.1849, found
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273.1849.
((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-
b:4',5'-d]pyran-5-yl)methyl 4-(pent-4-en-1-yl)benzoate (3bm)

Me

O’kMe
Me O © Z
MeXO“(:/&oY@/\N
o]
White solid; mp 100-103 °C; (74 mg, 43%); Rr=0.30 (30 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): 5 7.96 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 5.90
—5.74 (m, 1H), 5.57 (d, J = 4.9 Hz, 1H), 5.07 — 4.94 (m, 2H), 4.68 — 4.63 (m, 1H), 4.56 —
4.48 (m, 1H), 4.45-4.38 (m, 1H), 4.37 — 4.31 (m, 2H), 4.18 (t, J = 6.1 Hz, 1H), 2.72 — 2.61
(m, 2H), 2.09 (q, J = 7.0 Hz, 2H), 1.77 — 1.67 (m, 2H), 1.52 (s, 3H), 1.48 (s, 3H), 1.36 (s,
3H), 1.34 (s, 3H); 3C NMR (101 MHz, Chloroform-d):  166.5, 148.1, 138.2, 129.8, 128.5,
127.6, 115.0, 109.7, 108.8, 96.3, 71.1, 70.7, 70.5, 66.1, 63.7, 35.3, 33.2, 30.2, 26.0, 26.0,
25.0, 24.5; ESI-HRMS: Calcd for C24H3207* [M+H]* 433.2221, found 433.2206.
tridec-12-enoic acid (3bn)
HO,C™ N S SN
Colorless liquid; (701 mg, 55%); Rr=0.25 (10 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d) & 5.89 — 5.72 (m, 1H), 5.03 — 4.89 (m, 2H), 2.35 (t, J = 7.5 Hz,
2H), 2.04 (q, J = 7.0 Hz, 2H), 1.68 — 1.58 (m, 2H), 1.41 — 1.24 (m, 14H); 3C NMR (101
MHz, Chloroform-d) & 180.4, 139.2, 114.1, 34.1, 33.8, 29.5, 29.4, 29.4, 29.2, 29.1, 29.0,
28.9, 24.6. In line with previously reported spectra.[*®l
phenyl 4-(oxiran-2-yl)butanoate (4a)
o}
Pho/u\/\/AO
Colorless liquid; (72 mg, 87%); Rr=0.29 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 7.41 — 7.33 (m, 2H), 7.25 - 7.19 (m, 1H), 7.09 — 7.04 (m, 2H),
3.01-2.92 (m, 1H), 2.77 (t, J= 4.5 Hz, 1H), 2.67 — 2.60 (m, 2H), 2.52 — 2.46 (m, 1H), 1.98
—1.86 (m, 2H), 1.79 — 1.68 (m, 1H), 1.65 — 1.54 (m, 1H); "3C NMR (101 MHz, Chloroform-
d): 5 171.7,150.6, 129.3, 125.7, 121.4, 51.7, 46.8, 33.8, 31.7, 21.4; ESI-HRMS: Calcd for
C12H1403* [M+H]* 207.1016, found 207.1008.
phenyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexanoate (4b)

Pho\n/\/\/\B/O Me

|

0 072<’V'e
Me Me

Colorless liquid; (51 mg, 40%); Rr= 0.24 (50 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 6 7.40 — 7.34 (m, 3H), 7.24 — 7.18 (m, 1H), 7.09 — 7.05 (m, 2H),
2.55(t, J=7.6 Hz, 2H), 1.80 — 1.72 (m, 2H), 1.50 — 1.39 (m, 4H), 1.25 (s, 12H), 0.81 (t, J

= 7.5 Hz, 2H); *C NMR (101 MHz, Chloroform-d): & 172.3, 150.8, 129.3, 125.6, 121.6,
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82.9, 34.3, 31.8, 24.8, 24.7, 23.6; ESI-HRMS: Calcd for C23H22NO2* [M+H]* 319.2075,
found 319.2061.
phenyl 6-(diphenylphosphoryl)hexanoate (4c)
Ph/o\n/\/\/

o}
Colorless liquid; (99 mg, 63%); Rr= 0.23 (1 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): & 7.78 — 7.68 (m, 4H), 7.55 — 7.43 (m, 6H), 7.39 — 7.32 (m, 2H), 7.24
—7.16 (m, 1H), 7.09 — 6.98 (m, 2H), 2.51 (t, J = 7.4 Hz, 2H), 2.34 — 2.24 (m, 2H), 1.79 — 1.63
(m, 4H), 1.59 — 1.48 (m, 2H); 13C NMR (101 MHz, Chloroform-d): & 171.8, 150.6, 132.9 (d, J =
98.0 Hz), 131.6 (d, J=2.6 Hz), 130.7 (d, J=9.2 Hz), 129.3, 128.6 (d, J = 11.6 Hz), 125.6, 121 .4,
33.9, 30.2 (d, J = 14.6 Hz), 29.5 (d, J = 72.1 Hz), 24.2, 21.1 (d, J = 3.8 Hz); ESI-HRMS: Calcd
for C24H2503P [M+H]* 393.1614, found 393.1599.
diphenyl dec-5-enedioate (4d)

0

PhOWMOPh

0
Colorless liquid; (89 mg, 63%); E:Z = 4:1; Rf= 0.30 (50 : 1 petroleum ether / ethyl acetate);
"H NMR (400 MHz, Chloroform-d): & 7.40 — 7.33 (m, 4H), 7.24 — 7.18 (m, 2H), 7.09 — 7.04
(m, 4H), 5.52 - 5.43 (m, 2H), 2.59 — 2.52 (m, 4H), 2.23 - 2.11 (m, 4H), 1.88 — 1.77 (m, 4H);
3C NMR (101 MHz, Chloroform-d): 5 172.1, 150.7, 130.3, 129.7,129.4, 125.7, 121.6, 33.7,
33.7, 31.9, 26.6, 24.8, 24.7; ESI-HRMS: Calcd for C22H2404* [M+H]* 353.1747, found
353.1734.

phenyl 5,6-dibromohexanoate (4e)

o] Br
PhO Br
Colorless liquid; (109 mg, 78%); Rr=0.27 (30 : 1 petroleum ether / ethyl acetate); '"H NMR
(400 MHz, Chloroform-d): 8 7.35 - 7.27 (m, 2H), 7.19 - 7.12 (m, 1H), 7.07 — 6.95 (m, 2H),
418 — 4.08 (m, 1H), 3.83 — 3.77 (m, 1H), 3.57 (t, J = 10.1 Hz, 1H), 2.60 — 2.50 (m, 2H),
2.29 — 2.19 (m, 1H), 2.05 — 1.94 (m, 1H), 1.90 — 1.76 (m, 2H); 3C NMR (101 MHz,
Chloroform-d): 6 171.4, 150.6, 129.4, 125.8, 121.5, 51.9, 35.9, 35.2, 33.4, 22.3; ESI-HRMS:
Calcd for C12H14Br202* [M+H]* 348.9433, found 348.9420.
(5,6-dimethyldeca-1,9-diene-5,6-diyl)dibenzene (5e)

Me_Ph

7
z

Ph Me

Colorless liquid; (20 mg, 61%); Rr=0.32 (petroleum ether); '"H NMR (400 MHz, Chloroform-
d):©67.23-7.11 (m, 6H), 7.03 — 6.86 (m, 4H), 5.82 — 5.66 (m, 2H), 4.97 — 4.81 (m, 4H),
2.28 —2.04 (m, 2H), 1.83 — 1.74 (m, 2H), 1.68 — 1.54 (m, 4H), 1.30 (s, 3H), 1.26 (s, 3H);
3C NMR (101 MHz, Chloroform-d): & 143.4, 139.6, 129.6, 129.5, 126.7, 126.6, 125.5,
113.7,47.9,47.7,34.8,34.4,29.2,29.1, 21.9, 21.4.
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10 Spectral Data

H NMR (400 MHz, CDCI;) spectrum of 3a
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H NMR (400 MHz, CDCIs) spectrum of 3b
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H NMR (400 MHz, CDClI;) spectrum of 3c
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H NMR (400 MHz, CDClI5) spectrum of 3d
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H NMR (400 MHz, CDCI;) spectrum of 3e
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H NMR (400 MHz, CDClIs) spectrum of 3f
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H NMR (400 MHz, CDClI5) spectrum of 3g

b A=Al
10221
B.8ZL
6275 |
58551
9151
9v6S'L 1
GLL9L
1202 'L
16101
1801
ZLEL LY
£67L LA

.

O._OEt

HO

39

A
G1)
Yive
Vel
-4

E90°L

Fole

Fole

Fsoe

Fro

-0.5 -

0.0

0.5

1.0

9.0

10.0 9.5

10.5

]

f1 k]w]wnw]

LoCrl—

L18E vmV
wmhv,—w\.
606 vE

BrEL L

Ommmcw
vmmw,o@v.

889 mw/
@50&#&.
9LLELL

96PL'GLL—

85€9°LEl —

L8229/l —

13C NMR (101 MHz, CDCl3) spectrum of 3g

OEt

HO

3g

-10

T
30 20 10

40

50

90

2000 190 180 170 160 130 140 1300 120

T
210

1 (ppm)

S44



H NMR (400 MHz, CDClI5) spectrum of 3h
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H NMR (400 MHz, DMSO-ds) spectrum of 3i
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H NMR (400 MHz, CDClI5) spectrum of 3j
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H NMR (400 MHz, CDClI5) spectrum of 3k
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H NMR (400 MHz, CDCl5) spectrum of 3|
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H NMR (400 MHz, CDClI5) spectrum of 3m

000001
2552 L
S9/Z' L
8962 L1
SHOG'L

6EEG L]
6¥FG L1
0245 L1
0£L9'L

£069" L1
66041

et |
6008 L
£218'L
61E8'L~
9258'L
658914
71061
2906'L4
zIE6'L

8676'L ]
80902
98/0Z]
GEOL'Z]
SBLLZ]
€LELZ

Y0z
22
Z£22T

8Y5ZZ]
Y692 21
POPE'Z]
809€'Z1
S1BEZ]
6L0V'Z

162821
Z0r8'Z]
9£98'Z
828821
1259°¢
199°¢

PLG6'
8196t ﬁ
oviEt

166 1]
69L0°G

£120°G
19806
S0r0'G
69LLG

LEL G
z2rs G
8LrL G
615261
191G
G06.'G

12086
65186
08922

et

e

co,Me

3m

Bgpo
Pt
101
o0
oL
Feit
2050

050

¥
-mmv 3

Feoe

ool

(

-0.5

0.0

0.5

L0

5

0

=

3.0

=

=

1.0 9.5 9.0

10.5

f1 {ppm) ‘

13C NMR (101 MHz, CDCl3) spectrum of 3m

rii9eg
¥109'v2
+¥89¢'8¢
S66¢'0€
¢6.8'0€
0l66'LE~
60v5'5E—
€616
No_b.mvﬂ
86E9°El
8682 Lt
§/SG 6t
LezL'ls
00SS°LS

6¥20°'LL

mhch.uhv
Seve'LL

COLYGLL~,
£69L°GLL~

S966'9EL~,
09582617

90EL'SLL~
BL¥E'9LLY

CO,Me

3m

LU

[E—

l

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 {ppm)

210

S50



H NMR (400 MHz, CDClI5) spectrum of 3n
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H NMR (400 MHz, CDClI;) spectrum of 30
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H NMR (400 MHz, CDCI;) spectrum of 3p
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H NMR (400 MHz, CDClI5) spectrum of 3q

8zeLL
[154°1
VOLL'L
€68." L1
08602
1011
£821L'Z
29v1 21
G622
0sLEZ 4
9£E€Z1
€SHPE]
895t
L697€
£909°¢1
¥GL9°E
L129'E
0p59°Er
0199
82196
IBi6Y
8500°G
80L0°G
Z510°G
2050°S
6£50°G
1850°G
0290°5
£EPLS
009G
88925
911G
IS8L'G
9208'S
9118'G
G618
£929'5
0sva's

#0000~
orLL _./

Eg0e

Eloe
=G0

=00¢
L6}
ﬂom. €

6L

L0

8.0

9.0 8.5

10,0 9.5

10.5

f1 {ppm) ‘

€04l ve—
960l ce
wmﬁm,mmﬁ/.

0See Lv—
6826'Gh—

<¢Ll999
;mw,mwv.
2289 mw/
¢DDDRNN.
veLELL

GoET 'Sl —

8206°LEL—

BLBY LLL—

13C NMR (101 MHz, CDCl3) spectrum of 3q

-10

0 10

0

30

50

90

2000 190 180 170 160 130 140 1300 120

T
210

1 (ppm)

S54



H NMR (400 MHz, CDCl5) spectrum of 3r
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H NMR (400 MHz, CDCI;) spectrum of 3s
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H NMR (400 MHz, CDCI;) spectrum of 3t
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H NMR (400 MHz, CDCl5) spectrum of 3v
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H NMR (400 MHz, CDCIs) spectrum of 3w
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H NMR (400 MHz, CDCl5) spectrum of 3x
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H NMR (400 MHz, CDCl5) spectrum of 3y
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H NMR (400 MHz, CDCI5) spectrum of 3z

0000071
2861701
Z918°01
PEES 0]
olrLL

666111
589111
6641°L
18611
89071+
ShLZL

0EEZ' L]

€082
199Z'L

157 1
194t
G¥6t L]
LELG L]
61ES L
G996G'L

L8GL]
0£09' L]
£129'L]
66£9'L ]
0956'L 1
9€/6'L

9L66'L |
£600Z1
LE6Z'Z

62LEZ
6LEEE]
11522
5988+
L6 1
Emmi
9196t

L CLR
8099'G
S699'G
9.19°G]
¥989'G

££0.'G1
zZLLG
£0ZL'G

06ZLG1

]

W

LG¥L°S

Me

3z

F00€

By
1z
W..ﬁ (4

F80¢

Ever

9.0

10.0 9.5

10,5

1.0

£298'el—
8.0v'C2

EE.NNW
9905°€2

Lee le—
vei0ee’
LZ6L Lo
Loy

S189°9L
mmmm.whv
9LLELL

f1 {ppm)

¥6L0°GLL—

9646'LEL—

600¢'Le—

13C NMR (101 MHz, CDCl3) spectrum of 3z

Me

-10

20

T
60 50 40

70

110

120

190 180 170 160 150 140

200

210

f1 (ppm)

S62



H NMR (400 MHz, CDCIs) spectrum of 3aa
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H NMR (400 MHz, CDCI5) spectrum of 3ab
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H NMR (400 MHz, CDCI;) spectrum of 3ac
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H NMR (400 MHz, CDCI;) spectrum of 3ad
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H NMR (400 MHz, CDCls) spectrum of 3ae
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H NMR (400 MHz, CDCIs) spectrum of 3af
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H NMR (400 MHz, CDCI;) spectrum of 3ag
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H NMR (400 MHz, CDCI;) spectrum of 3ah
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H NMR (400 MHz, CDCIs) spectrum of 3ai
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H NMR (400 MHz, CDClIs) spectrum of 3aj
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H NMR (400 MHz, CDCI;) spectrum of 3ak
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H NMR (400 MHz, CDCIs) spectrum of 3al
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H NMR (400 MHz, CDCI;) spectrum of 3am
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19F NMR (376 MHz, CDClI;) spectrum of 3am
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13C NMR (101 MHz, CDCls) spectrum of 3an
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13C NMR (101 MHz, CDCl3) spectrum of 3ao
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13C NMR (101 MHz, CDCl3) spectrum of 3ap
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13C NMR (101 MHz, CDCls) spectrum of 3aq
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13C NMR (101 MHz, CDClIs) spectrum of 3ar
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H NMR (400 MHz, CDClIs) spectrum of 3as
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H NMR (400 MHz, CDCI;) spectrum of 3at
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H NMR (400 MHz, CDCI;) spectrum of 3au
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H NMR (400 MHz, CDClI;) spectrum of 3av

0000°0-1
Z80%" L
1927 1
65b1 L

£POL

98t ||
1099'11
69911
1869'L
911 L1
L9ELL
19102
6Y£0Z1
¥250'24
€002+
pSOr'E
Zr8r'z
(205
1£88'1-
Z988't
5988 1|
0169t
orsa t
9806 1|
91161
orlEt
G916t
¥6L6 b
ngm.?f

e —

!

¥BE6 ¥
0EV6 +
LIV6Y]
L1161
ZL86']
mmmmi
6686

201464
061251
89Z.°G1
85EL°G
1Z5L°G

¥8.L°G"
6E86'01
£986'9

666691
L500°L

180021
vELL L
Z91L°L1
681L°L

8rEL L]
905121
£E51°L1
095121
9692 L1
18871

G062 21
Lb0g L1
Z60€°L

—_—

PhO

3av

Etl'e
E80¢

zoe

F00¢

Tl

T-o60

V6L
001
5661

9.0

10,0 9.5

10,5

1.0

f1 {ppm)

13C NMR (101 MHz, CDClI3) spectrum of 3av

LFEE e~
9162 8~
LEOTEEN_
6Ll ve"

1289 mwur
wmmm,wh\
SLLELL

888 WL
CLLSLTL~
£699°GZL~
98EE6TL~

LPFZeel —

889051 —

S6/0CiL—

PhO

3av

-10

T
30 20 10

40

50

90

2000 190 180 170 160 130 140 1300 120

T
210

1 (ppm)

S85



H NMR (400 MHz, CDCls) spectrum of 3aw
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H NMR (400 MHz, CDCI;) spectrum of 3ax
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H NMR (400 MHz, CDClI;) spectrum of 3ay
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H NMR (400 MHz, CDClI5) spectrum of 3az
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H NMR (400 MHz, CDCI5) spectrum of 3ba
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H NMR (400 MHz, CDCI5) spectrum of 3bb
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H NMR (400 MHz, CDCls) spectrum of 3bc
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H NMR (400 MHz, CDCI;) spectrum of 3bd
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H NMR (400 MHz, CDCI5) spectrum of 3be
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H NMR (400 MHz, CDClI5) spectrum of 3bf
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H NMR (400 MHz, CDCI;) spectrum of 3bg
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H NMR (400 MHz, CDCI;) spectrum of 3bh
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H NMR (400 MHz, CDCI;) spectrum of 3bi
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H NMR (400 MHz, CDCI;) spectrum of 3bj

10000
Yol
06621
628. L1
008

28191
296611
120021
09802

505021
28907

71602
1sliz4
gzel 2|
P0GL 'z~

9122
06v2 24
19622
1BLEZ
99€£Z

05v€'Z
8v5e T
#7971
GELE°E]
££9eZ
sorped
1697
Gl e
1609°€

2.15°¢]
8785 €]
0565°¢]
ogooe]
S6L9E] -
1829°€ e
6955 1]

89/5 ¥ LS

G6.6't]

55005 L

50L0°G] e
05L0°G =
1£50°G =
8/50°G
oveL'g H
108G
¥65L'G L
2.5
€9/1°G
£E64°G
2208'G
L0L8'g
68L8'G
1588°G

ggoLol— O

- L5L5€e

iu,qu
7988 L2
Rozz | o oEo,mmw
wmm"m. et 208ev'€E
4 -

= 1285 ir—

LELG 65—
FOO0'L
B8 | 7

289 mw/
noooﬂhﬂ.

B Z8LELL

Fes

f1 (‘]w]wm]

ool

B892EGLL—

1694°LEL—

9.0 85

SV ELL~
E6LEFLL

9.5

10.0

3bj

I %ro.ﬁ

11.0 10,5

P
oy
CO,H

L0 1L5

3C NMR (101 MHz, CDCls) spectrum of 3bj

-10

10

0

0

50 40 30

60

I
200 190 180 190 160 130 140 1300 1200 110 100 90 80
1 (ppm)
S99

210




H NMR (400 MHz, CDCls) spectrum of 3bk
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H NMR (400 MHz, CDCI;) spectrum of 3bl
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H NMR (400 MHz, CDCI;) spectrum of 3bm
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H NMR (400 MHz, CDCI;) spectrum of 3bn
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H NMR (400 MHz, CDCI;) spectrum of 4a
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H NMR (400 MHz, CDCls) spectrum of 4b
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H NMR (400 MHz, CDClI;) spectrum of 4c
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H NMR (400 MHz, CDCI5) spectrum of 4d
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H NMR (400 MHz, CDCI;) spectrum of 4e

000001
€284'L1
966411
§518'L
¥628'L
95£8'L
S9v8' L
1198'L
g
5969'L
g8r6'L
£896'L1
ZLI6'LA
22002
£420°2
8EP0'Z-
9902 2F
05122
98227
967 24
£552°21
62922
o2
80v5°Z]
£9v5°7
1855°Z
£295°7]
6557
12857
08r5'e]
£6/5°¢]
9865°¢]
158/ '€
6564°¢]
80L8°E
[128°¢
1160
180} b1
66LL t1
SOEL Y]
6EFL Y
951 b
8LoL '
S500'2
5920,
06EL"L
YOI
29.1°2
§6.1°2]
9887'L
L80€ /1
L82€' L]

—

Br

Br

PhO

Hzt.w
Ry
Fzol
F00E

Aot
00

m\.oo 3

€61
8Ll
Eloe

10,0 9.5 9.0

10.5

f1 {ppm)

13C NMR (101 MHz, CDCI3) spectrum of 4e

2L9¢¢c—
PRI EEN

087 56~
Legse”

22818 —

0289 mw/
wmmm,whﬂ
SLLELL

L8yl —
2918'6el~
LB6E'6EL —

1685°0G1—

LEBELLL—

Br
Br

de

PhO

-10

T
30 20 10

40

50

90

2000 190 180 170 160 130 140 1300 120

T
210

1 (ppm)

S108



H NMR (400 MHz, CDCI;) spectrum of 5e
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