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I. General Information
Commercially available materials purchased from Energy Chemical, J&K and Bide were used as received. The solvents were distilled from Na and used directly. Unless otherwise specified, all reactions were carried out under an atmosphere of N2 in 10 mL threaded anaerobic tube. NMR spectra were measured either on a JEOL-ECX 500 (500 MHz) or on a Bruker ASCEND 400 (400 MHz) spectrometer. The chemical shift values were corrected to 7.26 ppm (1H NMR) and 77.16 ppm (13C NMR) for CDCl3. 1H NMR splitting patterns are designated as singlet (s), double (d), triplet (t), quartet (q), doublet of doublets (dd), multiplets (m), and etc. All first-order splitting patterns were assigned on the base of the appearance of the multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet (m) or broad (br). High resolution mass spectrometer analysis (HRMS) was performed on Thermo Fisher Q Exactive mass spectrometer. Melting Point (MP): Melting points were measured on a Beijing Tech Instrument X-4 digital display micro melting point apparatus and are uncorrected. Analytical thin-layer chromatography (TLC) was carried out on pre-coated silica gel plate (0.2 mm thickness). Visualization was performed using a UV lamp.


II. Experimental Section
1. Preparation of substrates
Part 1. General procedure for the preparation of aryl allene ether[1]


[bookmark: _Hlk65588249]A suspension of 2-iodophenol (1.0 eq.), propargyl bromide (1.2 eq.) and potassium carbonate (1.2 eq.) in THF was boiled under reflux for 6 h. Water and ethyl acetate were then added and the organic layer separated, dried (Na2SO4), evaporated under reduced pressure and the residue dissolved in 3:1 v/v t-butyl alcohol – THF. Potassium t-butoxide (1.2 eq.) was then added and the resulting mixture was stirred at room temperature for 16 h. when the solvent was evaporated under reduced pressure and dichloromethane added. The organic layer was separated and washed with water, dried (Na2SO4) and evaporated under reduced pressure. The residue was purified by silica gel chromatography (PE / EA as eluent) to give the corresponding aryl allene ether.
Part 2. General procedure for the preparation of aryl allene ether[2]


Step 1. An oven dried round-bottom equipped with a magnetic stirring bar was charged with propargylic alcohol (1.0 eq.), THF were added by using syringes, o-iodophenol (1.0 eq.), triphenylphosphine (1.1 eq.) were added to the above solution, and the flask was set under N2 through three cycles of evacuation and recompression with N2. Then the solution was cooled to 0 ℃ and diethyl azodicarboxylate (DEAD, 1.2 eq.) was added dropwise via syringe. The ice bath was removed and stirred under argon for overnight. The mixture was extracted three times with ethyl acetate. The combined organic fractions were dried over Na2SO4 and concentrated under vacuum. The residue was purified by silica gel chromatography (PE / EA as eluent) to give the corresponding propargylic ethers.
Step 2. The corresponding propargylic ethers dissolved in 3:1 v / v t-butyl alcohol – THF. Potassium t-butoxide (1.2 eq.) was then added and the resulting mixture was stirred under reflux for 6 h. when the solvent was evaporated under reduced pressure and dichloromethane added. The organic layer was separated and washed with water, dried (Na2SO4) and evaporated under reduced pressure. The residue was purified by silica gel chromatography (PE / EA as eluent) to give the corresponding aryl allene ether.


2. Condition optimization for the synthesis of 3a

Table S1. Condition optimization for the synthesis of 3aa
	Entry
	Base
	Solvent
	X
	Temp. (°C)
	Yieldb (%)

	1
	Cs2CO3 / NaOH /
DBU / DIEA etc.
	DME
	I
	30
	NR

	2
	KOtBu
	DME
	I
	30
	16c

	3
	NaHMDS
	DME
	I
	30
	17 c

	4
	LiHMDS
	DME
	I
	30
	71c

	5
	KHMDS2
	DME
	I
	30
	2c

	6
	LDA
	DME
	I
	30
	76c

	7
	LDA (0.5 eq)
	DME
	I
	30
	22c

	8
	LDA (1.0 eq)
	DME
	I
	30
	41c

	9
	LDA (1.5 eq)
	DME
	I
	30
	68c

	10
	LDA (2.5 eq)
	DME
	I
	30
	71c

	11
	LDA
	EA / CH2Cl2 / Hexane / CDCl3 / CCl4
	I
	30
	NR

	12
	LDA
	1,4-Dioxane
	I
	30
	37

	13
	LDA
	THF
	I
	30
	65

	14
	LDA
	CH3CN
	I
	30
	22

	15
	LDA
	MTBE
	I
	30
	20

	16
	LDA
	Et2O
	I
	30
	30

	17
	LDA
	Toluene
	I
	30
	15

	18
	LDA
	PhCF3
	I
	30
	20

	19
	LDA
	DME
	I
	30
	76

	20
	LDA
	(CH2Cl)2
	I
	30
	15

	21
	LDA
	Cyclohexane
	I
	30
	8

	22
	LDA
	DME
	I
	0
	59

	23
	LDA
	DME
	I
	50
	80

	24
	LDA
	DME
	I
	60
	74

	25
	LDA
	DME (0.10 M)
	I
	50
	69

	26
	LDA
	DME
	Br / Cl
	50
	trace

	[a] All reactions were performed using 1a (0.10 mmol), HPPh2 (0.20 mmol), base (0.20 mmol), solvent (2.0 mL) for 8 h under N2. H2O2 (0.25 mmol) was added into reaction system at 0 ℃, then warm the system to room temperature, and react for 1 h. [b] Yields of isolated products after column chromatography. [c] Assay yields determined by 1HNMR spectroscopy of the crude reaction mixtures using 1,3,5-Trimethoxybenzene as an internal standard. DBU = 1,8-Dizabicyclo[5.4.0]undec-7-ene. DIEA = N,N-Diisopropylethylamine. HMDS = hexamethydisilylamine. LDA = Lithium diisopropylamide. THF = Tetrahydrofuran. MTBE = tert-Butyl methyl ether. DME = 1,2-Dimethoxyethane. 



3. Condition optimization for the synthesis of 3c
Table S2. Condition optimization for the synthesis of 3ca


	Entry
	Base (2 eq.)
	Solvent
	Yieldb (%)

	1
	LDA
	DME
	50

	2
	NaHMDS
	DME
	48

	3
	LiHMDS
	DME
	63

	4
	KHMDS
	DME
	24

	5
	LiHMDS
	1,4-Dioxane
	17

	6
	LiHMDS
	THF
	41

	7
	LiHMDS
	CH3CN
	7

	8
	LiHMDS
	MTBE
	34

	9
	LiHMDS
	Toluene
	15

	10
	LiHMDS
	PhCF3
	13

	[a] All reactions were performed using 1c (0.10 mmol), HPPh2 (0.20 mmol), base (0.20 mmol), solvent (2 mL) at 50 ℃ for 8 h under N2. H2O2 (0.25 mmol) was added into reaction system at 0 ℃, then warm the system to room temperature, and react for 1 h; [b] Yields of isolated products after column chromatography.





4. Condition optimization for the synthesis of 5a
Table S3. Condition optimization for the synthesis of 5aa


	Entry
	1a (mmol)
	4a (mmol)
	Base
	Solvent
	Yieldb (%)

	1
	0.10
	0.15
	LiHMDS (2.0 eq)
	DME
	37

	2
	0.10
	0.12
	LiHMDS (2.0 eq)
	DME
	44

	2
	0.10
	0.10
	LiHMDS (2.0 eq)
	DME
	61

	3
	0.12
	0.10
	LiHMDS (2.4 eq)
	DME
	82

	4
	0.15
	0.10
	LiHMDS (3.0 eq)
	DME
	95 (94) c

	5
	0.20
	0.10
	LiHMDS (4.0 eq)
	DME
	69

	6
	0.15
	0.10
	LiHMDS (2.0 eq)
	DME
	98 (95) c

	7
	0.15
	0.10
	NaHMDS (3.0 eq)
	DME
	9

	8
	0.15
	0.10
	KHMDS (3.0 eq)
	DME
	trace

	9
	0.15
	0.10
	LDA (3.0 eq)
	DME
	20

	[a] Unless otherwise specified, the reactions were carried using 1a, 4a, base, DME (2.0 mL) at 50 ℃ for 12 h under N2. [b] Assay yields determined by 1HNMR spectroscopy of the crude reaction mixtures using 1,3,5-Trimethoxybenzene as an internal standard. [c] Isolated yield of 5a.





5. Condition optimization for the synthesis of 7a
Table S4. Condition optimization for the synthesis of 7aa


	Entry
	1a (mmol)
	6a (mmol)
	Base
	Solvent
	Time (h)
	Yieldb (%)

	1
	0.10
	0.11
	LDA
	DME
	12
	31

	2
	0.10
	0.11
	LiHMDS
	DME
	12
	29

	3
	0.10
	0.11
	NaHMDS
	DME
	12
	trace

	4
	0.10
	0.11
	KHMDS
	DME
	12
	trace

	5
	0.10
	0.11
	LDA
	THF
	12
	32

	6
	0.10
	0.10
	LDA
	DME
	12
	36

	7
	0.10
	0.15
	LDA
	DME
	12
	23

	8
	0.10
	0.10
	LDA (1.0)
	DME
	12
	20

	9
	0.12
	0.10
	LDA (2.4)
	DME
	12
	36

	10
	0.15
	0.10
	LDA (3.0)
	DME
	12
	34

	11
	0.10
	0.10
	LDA
	DME
	24
	48

	12
	0.10
	0.10
	LDA
	DME
	38
	36

	[a] Unless otherwise specified, the reactions were carried using 1a (0.10 mmol), 6a (0.10 mmol), base (0.2 mmol), solvent (2.0 mL) at 50 ℃ under N2. [b] Isolated yield of 7a.



6. General procedure for the preparation of 3


[bookmark: _Hlk65531170]To a 10 mL anaerobic tubes with a magnetic stir bar was added 1 (0.10 mmol) and HPPh2 (0.20 mmol) with 0.20 mmol of LDA (or LiHMDS) and 2 mL DME at 50 ℃ for 8 h under N2. H2O2 (0.25 mmol) was added into reaction system at 0 ℃, then warm the system to room temperature, and react for 1 h. After the trivalent phosphine was oxidized (monitored by TLC), water (4 mL) and ethyl acetate (2 mL) were then added and the organic layer separated, brine washing, dried (Na2SO4), evaporated under reduced pressure. The reaction mixture was subjected to column chromatography on silica gel (3:1 PE / EA) to afford the desired product 3.
7. General procedure for the preparation of 5


To a 10 mL anaerobic tubes with a magnetic stir bar was added 1a (0.15 mmol) and 4 (0.10 mmol) with 0.20 mmol of LiHMDS and 2 mL DME at 50 ℃ for 12 h under N2. Water (4 mL) and ethyl acetate (2 mL) were then added and the organic layer separated, brine washing, dried (Na2SO4), evaporated under reduced pressure. The reaction mixture was subjected to column chromatography on silica gel (300:1 PE / EA) to afford the desired product 5.
8. General procedure for the preparation of 7


To a 10 mL anaerobic tubes with a magnetic stir bar was added 1a (0.10 mmol) and 6 (0.10 mmol) with 0.20 mmol of LDA and 2 mL DME at 50 ℃ for 24 h under N2. Water (4 mL) and ethyl acetate (2 mL) were then added and the organic layer separated, brine washing, dried (Na2SO4), evaporated under reduced pressure. The reaction mixture was subjected to column chromatography on silica gel (300:1 PE / EA) to afford the desired product 7.
9. General procedure for the preparation of 8


To a 100 mL Schleck vial with a magnetic stir bar was added 1a (3.88 mmol) and HPPh2 (7.75 mmol) with 7.75 mmol of LDA and 40 mL DME at 50 ℃ for 8 h under N2. THF•BH3 (9.70 mmol) was added into reaction system at 0 ℃ under N2, then warm the system to room temperature, and react for 2 h. The reaction system was quenched by methanol. Water (10 mL) and ethyl acetate (10 mL) were then added and the organic layer separated, brine washing, dried (Na2SO4), evaporated under reduced pressure. The reaction mixture was subjected to column chromatography on silica gel (100:1 PE / EA) to afford the desired product 8 (1.04 g, 81%).
Ⅲ. Mechanistic Considerations
1. Experiment of inhibition by radical scavengers
TEMPO and BHT were selected as the radical scavengers to block the intermolecular radical coupling processes. (Table S5). The specific experimental operation methods are referred to general procedure for the preparation of 3, 5 and 7 in the Section II respectively, and radical scavenger (2.0 eq.) were added.
Table S5. Inhibition by radical scavengersa
	Target product
	Radical scavenger (2.0 eq.)
	yieldb (%)

	3a
	TEMPO
	41

	3a
	BHT
	45

	5a
	TEMPO
	0

	5a
	BHT
	0

	7a
	TEMPO
	0

	7a
	BHT
	0

	a. Unless otherwise specified, the reactions were carried using 1a, HPPh2 / 4a / 6a, base (2.0 eq.), solvent (2.0 mL) and radical scavenger (2.0 eq.) at 50 ℃ under N2. b. Isolated yield.


2. Experiments excluding diisopropylamide anions or bis(trimethylsilyl)amide anions as SED reagent


According to the methods reported in the literature,[3] n-BuLi (2.5 M in dry THF, 967 µL, 2.42 mmol) was added to a solution of HPPh2 (2.69 mmol, 500 mg) in dry n-hexane (20 mL) at -20 °C under N2. The reaction mixture was allowed to slowly warm to room temperature over 3 h, then put it in a glove box filled with nitrogen, the solid was isolated and washed with n-hexane (10 mL) to afford 9 (515.83 mg, >99 %) as a yellow powder. 9 (0.8 mmol) was dissolved in dry THF (800 µL) to obtain a 1M solution.


To a 10 mL anaerobic tubes with a magnetic stir bar was added 1a (0.10 mmol) and 9 (1 M in dry THF, 200 µL, 0.2 mmol) and 2 mL DME at 50 ℃ for 8 h under N2. H2O2 (0.25 mmol) was added into reaction system at 0 ℃, then warm the system to room temperature, and react for 1 h. The reaction mixture was subjected to column chromatography on silica gel (3:1 PE / EA) to afford the desired product 3a (24.6 mg, 74%).


According to the methods reported in the literature,[4] n-BuLi (2.5 M in dry THF, 720 µL, 1.80 mmol) was added to a solution of 6a (2.0 mmol, 186.26 mg) in dry n-hexane (5 mL) at 0 °C under N2. The reaction mixture was allowed to slowly warm to room temperature over 30 min, then put it in a glove box filled with nitrogen, the solid was isolated and washed with n-hexane (10 mL) to afford (5 mL) to afford 10 (168.40 mg, 85 %) as a white powder. 10 (0.58 mmol) was dissolved in dry THF (1.16 mL) to obtain a 0.5 M solution.


To a 10 mL anaerobic tubes with a magnetic stir bar was added 1a (0.10 mmol) and 10 (0.5 M in dry THF, 200 µL, 0.1 mmol) and 2 mL DME at 50 ℃ for 24 h under N2. The reaction mixture was subjected to column chromatography on silica gel (300:1 PE / EA) to afford the desired product 7a (3.9 mg, 17%).


To a 10 mL anaerobic tubes with a magnetic stir bar was added 1a (0.30 mmol) and 11 (0.1 mmol) with 0.20 mmol of t-BuOK and 2 mL DME at 50 ℃ for 24 h under N2. The reaction mixture was subjected to column chromatography on silica gel (300:1 PE / EA) to afford the desired product 12 (2.6 mg, 11%).
3. Density functional theory (DFT) calculation for radical reaction
For exploring the detail of the reaction mechanism more deeply, density functional theory (DFT) calculations performed with Gaussian 16 B.01. Geometry optimizations were performed using the M06-2X functional with the dispersion correction D3. Multiple basis sets 6-31g(d,p) / Lanl2dz employed for the geometry optimization: 6-31g(d,p) for elements C, H, O, Li, and P; Lanl2dz for I. The solvent module IEF-PCM (DME, eps = 7.189, epsinf = 1.972) was employed for simulating solvent condition. Minima and transition structures on the potential energy surface were confirmed using frequency analysis at the same level of theory, showing respectively zero and only one imaginary frequency. Gibbs energies were evaluated at the reaction temperature of 50 oC (323.15 K). Single point corrections were through the high-level basis sets 6-311g++(2d,2p) / Lanl08.
The proposed mechanism is including two possible pathways: triplet state pathway and singlet state pathway (Figure S1). For the triplet state pathway, there are three steps: (1) cations exchange between HPPh2 and LDA; (2) electron transfer from phosphor to benzene ring; and (3) intersystem crossing and quenching. For the triplet state pathway, there are also three steps: (1) cations exchange between HPPh2 and LDA; (2) electrophilic substitution; and (3) nucleophilic substitution and quenching.


Figure S1. Proposed reaction mechanism
4. The triplet state pathway vs the singlet state pathway
For finding the most favorite pathway of the reaction out, we compared the Gibbs free energy barriers of the triplet state pathway and the singlet state pathway. As shown in Figure S2, at the second step of these two pathways, the intermediate M1 generates following intermediates via transition states TS2T or TS2S. The Gibbs energy barrier of the singlet state pathway is 20.09 kcal / mol, and of the triplet state pathway is 14.44 kcal / mol. The triplet pathway occupies larger advantage under the condition of reaction kinetics. Therefore, the triplet state pathway is the most favorite choice of the reaction.


Figure S2. The key step of two pathways and the structures of key transition states
5. Cartesian coordinates of station points
LDA (G = -299.080723 a.u.)
N                 -0.00002400    0.59080100   -0.00006400
 C                 -1.18974500   -0.19275400    0.24024000
 C                 -1.55016900   -1.16484200   -0.89784800
 C                 -2.37391200    0.74547600    0.47884800
 H                 -1.10580900   -0.81814300    1.15633100
 H                 -0.77032700   -1.91791300   -1.04788500
 H                 -2.48769900   -1.69362600   -0.69163000
 H                 -1.66280900   -0.60664300   -1.83562500
 H                 -2.16049600    1.43226100    1.30618900
 H                 -2.56868700    1.33955600   -0.42356800
 H                 -3.28900200    0.19673100    0.72359900
 C                  1.18959500   -0.19298000   -0.24023300
 C                  1.55005500   -1.16464000    0.89820400
 C                  2.37382500    0.74504800   -0.47934900
 H                  1.10547400   -0.81869600   -1.15607100
 H                  0.77004800   -1.91743300    1.04876900
 H                  2.48740600   -1.69376200    0.69203000
 H                  1.66305100   -0.60603500    1.83570000
 H                  2.16050100    1.43144900   -1.30702900
 H                  2.56866200    1.33956600    0.42277500
 H                  3.28889000    0.19613000   -0.72379900
 Li                 0.00102100    2.44969800    0.00049400
HPPh2 (G = -804.868267 a.u.)
P                 -0.05242800   -1.71989400   -0.22263200
 H                  0.01680600   -1.84040300   -1.63271400
 C                 -1.43190300   -0.49213800   -0.13309500
 C                 -2.62497400   -0.89028400    0.47570500
 C                 -1.33088500    0.80689700   -0.64480900
 C                 -3.70526300   -0.01223100    0.56219300
 H                 -2.70906900   -1.89254300    0.88710100
 C                 -2.40588300    1.68502300   -0.55534000
 H                 -0.40303900    1.13161300   -1.10854500
 C                 -3.59599400    1.27566600    0.04730600
 H                 -4.62669300   -0.33389700    1.03690300
 H                 -2.31712800    2.69011400   -0.95541300
 H                 -4.43318300    1.96271200    0.11763600
 C                  1.41025100   -0.62047600   -0.04366100
 C                  2.21482100   -0.25024500   -1.12630300
 C                  1.74453100   -0.15835600    1.23586100
 C                  3.32994800    0.56408100   -0.93390300
 H                  1.96880100   -0.59600200   -2.12645700
 C                  2.84929900    0.66533900    1.42603200
 H                  1.13334400   -0.44356800    2.08870900
 C                  3.64697500    1.02573700    0.34064500
 H                  3.94612200    0.84216700   -1.78304200
 H                  3.09243100    1.02098300    2.42217900
 H                  4.51249000    1.66314900    0.48933700
HNiPr2 (G = -292.116345 a.u.)
N                 -0.01470000   -0.66082600   -0.07449600
 H                  0.14737700   -1.33001100    0.67829000
 C                 -1.22478100    0.09899100    0.25282900
 C                 -2.36860100   -0.89332500    0.43707600
 C                 -1.54818800    1.09135400   -0.86048400
 H                 -1.11339400    0.66670800    1.19332100
 H                 -2.13656100   -1.61821500    1.22406400
 H                 -3.29085300   -0.37621200    0.71515500
 H                 -2.53980300   -1.44300100   -0.49340500
 H                 -0.79843400    1.88386400   -0.93668800
 H                 -1.59400500    0.56746600   -1.82088400
 H                 -2.51567000    1.56534400   -0.67407800
 C                  1.21973500    0.11053500   -0.25602900
 C                  2.35860900   -0.87476200   -0.50059700
 C                  1.55784000    1.05242700    0.90406600
 H                  1.09398100    0.71240800   -1.16500500
 H                  2.11311900   -1.54672100   -1.32632500
 H                  3.28769200   -0.34932200   -0.73576800
 H                  2.53443100   -1.48229800    0.39522300
 H                  0.79119900    1.81961300    1.04489600
 H                  1.64638500    0.48419500    1.83755800
 H                  2.50975800    1.56064200    0.72394900
LiPPh2 (G = -811.854982 a.u.)
P                  0.00582500    1.54013100   -0.35588200
 C                  1.44722700    0.42053000   -0.11147700
 C                  2.68245100    0.81681300   -0.65999200
 C                  1.44244100   -0.76910200    0.64231200
 C                  3.84470200    0.07713200   -0.46271800
 H                  2.72399200    1.72078800   -1.26412500
 C                  2.59954600   -1.52151100    0.82368600
 H                  0.51379200   -1.11145700    1.09131900
 C                  3.81221600   -1.10458200    0.27592500
 H                  4.77760900    0.41710300   -0.90377400
 H                  2.55397100   -2.43822500    1.40538100
 H                  4.71351800   -1.69178600    0.41881500
 C                 -1.44989300    0.43156400   -0.16685300
 C                 -2.64627900    0.95681600    0.35597100
 C                 -1.49351000   -0.89592300   -0.63354300
 C                 -3.81567700    0.20379400    0.41794000
 H                 -2.65943500    1.98359300    0.71805500
 C                 -2.65483700   -1.65841200   -0.55504900
 H                 -0.59982800   -1.33435600   -1.06964400
 C                 -3.82729600   -1.11563600   -0.02985700
 H                 -4.71884000    0.64757300    0.82752600
 H                 -2.64752500   -2.68163000   -0.92038700
 H                 -4.73352400   -1.70987600    0.02671800
 Li                 0.11412000    2.68247400    1.87676000
LiI (G = -19.01252 a.u.)
I                  0.00000000    0.00000000    0.14781100
 Li                 0.00000000    0.00000000   -2.61132200
TS1 (G = -1103.932080 a.u.; Imaginary Frequency: -446.46)
N                 -1.99468300   -1.38175900   -0.13743900
 C                 -3.19982000   -0.56747100   -0.17521400
 C                 -4.47429800   -1.31211300    0.25447400
 C                 -3.39772700   -0.01995900   -1.58991100
 H                 -3.12292800    0.31141500    0.49557100
 H                 -4.40589400   -1.68186200    1.28094200
 H                 -5.35202500   -0.65860700    0.19544300
 H                 -4.64131300   -2.17249500   -0.40558400
 H                 -2.51658700    0.53315600   -1.93089800
 H                 -3.57789000   -0.84344300   -2.29517500
 H                 -4.26327300    0.64763900   -1.64292200
 C                 -1.59804500   -1.77926200    1.20842500
 C                 -1.12041300   -0.60762800    2.08399500
 C                 -0.48461000   -2.82588100    1.13147000
 H                 -2.43978300   -2.25501400    1.74685200
 H                 -1.89216500    0.16018100    2.19565100
 H                 -0.84733400   -0.95161800    3.08781800
 H                 -0.24170700   -0.13704700    1.62833300
 H                 -0.81848400   -3.71814800    0.58703300
 H                  0.39251600   -2.41144600    0.62137000
 H                 -0.16987700   -3.14641100    2.12973200
 Li                -1.59987400   -2.50226300   -1.65797200
 P                  0.43444400    0.30112300   -1.44575700
 H                 -0.74002700   -0.44215600   -0.72897500
 C                  1.83590900   -0.59879600   -0.66194900
 C                  2.32866900   -1.72988300   -1.32998500
 C                  2.37853500   -0.29050400    0.59409800
 C                  3.29952500   -2.54535300   -0.75210700
 H                  1.94933100   -1.97119800   -2.32106700
 C                  3.35973100   -1.09564000    1.16661600
 H                  2.02449800    0.58519000    1.13061600
 C                  3.81864600   -2.23182300    0.50191100
 H                  3.65945500   -3.41863300   -1.28789600
 H                  3.76156500   -0.83843200    2.14218100
 H                  4.57907500   -2.86077400    0.95336000
 C                  0.40762200    1.89202800   -0.52816800
 C                 -0.77062800    2.34133900    0.08126000
 C                  1.53211500    2.73034300   -0.49406600
 C                 -0.82763100    3.58971600    0.69889300
 H                 -1.64791400    1.70003600    0.07873900
 C                  1.48339400    3.96827800    0.13935000
 H                  2.45690000    2.40255600   -0.96313300
 C                  0.29982700    4.40577500    0.73395400
 H                 -1.75251000    3.91816200    1.16340300
 H                  2.36801800    4.59751800    0.16140600
 H                  0.25928900    5.37468200    1.22125600
M1 (G = -1245.219963 a.u.)
C                 -2.03005200    2.49275000    2.04976200
 C                 -1.70808300    2.34945600    0.70490700
 C                 -1.82067200    1.10360000    0.10017300
 C                 -2.27781400    0.00460600    0.82044600
 C                 -2.59836700    0.14736900    2.16697300
 C                 -2.47167200    1.39180600    2.77889100
 H                 -1.93156300    3.46162500    2.52594900
 H                 -1.36277000    3.18874200    0.11044800
 H                 -2.94008000   -0.70954900    2.73610500
 H                 -2.71779300    1.49466200    3.82988700
 I                 -2.44590400   -1.88878600   -0.10515100
 O                 -1.43997100    0.97570300   -1.23137400
 C                 -2.44126900    1.21664700   -2.17554800
 H                 -2.04914400    1.16927000   -3.18419900
 C                 -3.69007600    1.46602900   -1.88632100
 C                 -4.94477600    1.71322200   -1.62667800
 H                 -5.30281700    2.72884500   -1.48019900
 H                 -5.66975300    0.90757700   -1.54310700
 P                  1.60109300   -0.00178900    0.53318000
 C                  2.77082300   -1.37767000    0.17536400
 C                  2.49813200   -2.62763200    0.76636700
 C                  3.86818500   -1.32290100   -0.70621400
 C                  3.26707100   -3.75429100    0.49129400
 H                  1.66616200   -2.70852400    1.46336200
 C                  4.64935000   -2.44502600   -0.96963000
 H                  4.11386900   -0.38311500   -1.19357100
 C                  4.35586400   -3.67211500   -0.37598000
 H                  3.02275700   -4.69921000    0.96881300
 H                  5.49100400   -2.36051000   -1.65193500
 H                  4.96542900   -4.54578400   -0.58269900
 C                  2.57823700    1.50919800    0.14440700
 C                  1.90799700    2.63376700   -0.37409000
 C                  3.94563000    1.67065500    0.43853600
 C                  2.55901200    3.84552500   -0.59074600
 H                  0.84772800    2.55095400   -0.60957600
 C                  4.60533300    2.87337800    0.20395400
 H                  4.49836800    0.83608000    0.86178900
 C                  3.91823300    3.97282500   -0.31093600
 H                  2.00383600    4.69003700   -0.98986700
 H                  5.66319200    2.95698800    0.43748300
 H                  4.43303900    4.91143500   -0.48864800
 Li                 0.25275700   -0.10328700   -1.57778100
TS2T (G = -1245.196966 a.u.; Imaginary Frequency: -13.01)
C                 -1.57933400    2.67443700   -1.58810100
 C                 -0.48777200    3.33718300   -1.03357000
 C                  0.73890500    2.67204300   -0.92683100
 C                  0.81034600    1.37471100   -1.38910500
 C                 -0.24600500    0.68967900   -1.94652900
 C                 -1.47012400    1.35790500   -2.04302100
 H                 -2.53161000    3.18975300   -1.65916200
 H                 -0.56396300    4.35913400   -0.67476600
 H                 -0.13574000   -0.34010600   -2.27422300
 H                 -2.33439000    0.84484400   -2.45113400
 I                  2.06673200   -2.39166700   -0.42224400
 O                  1.76249100    3.33891700   -0.31212300
 C                  3.03116200    2.80817600   -0.34558100
 H                  3.66834300    3.29937200    0.38149700
 C                  3.48597500    1.87248200   -1.14697900
 C                  4.03788300    0.97733000   -1.92451800
 H                  4.50628200    1.26707200   -2.86200100
 H                  4.01019400   -0.08232200   -1.67696700
 P                 -1.59004900   -1.73280100    1.41037500
 C                 -2.74484800   -1.05892000    0.17509100
 C                 -2.88409900   -1.77071300   -1.02804100
 C                 -3.59720600    0.03235300    0.41070100
 C                 -3.84057300   -1.40033200   -1.96923000
 H                 -2.23379700   -2.61942700   -1.22529000
 C                 -4.55313000    0.40112700   -0.53046000
 H                 -3.51912100    0.58689100    1.34156700
 C                 -4.67983600   -0.31460000   -1.72122400
 H                 -3.93151300   -1.95962600   -2.89485200
 H                 -5.20774700    1.24359100   -0.33057200
 H                 -5.42995000   -0.02821200   -2.45129400
 C                 -0.88216100   -0.25880000    2.20790200
 C                 -0.27707600   -0.45974400    3.46519200
 C                 -0.81031600    1.02335200    1.63119700
 C                  0.35934200    0.58394900    4.12936900
 H                 -0.31475900   -1.44474000    3.92374400
 C                 -0.16913900    2.06618000    2.29850000
 H                 -1.24791600    1.20349800    0.65339700
 C                  0.41330600    1.85265600    3.54867500
 H                  0.80787700    0.41027200    5.10215000
 H                 -0.12122900    3.04634400    1.83359500
 H                  0.90466700    2.66903800    4.06771400
 Li                 1.98553100   -0.12302600    1.09209700
TS2S (G = -1245.187956 a.u.; Imaginary Frequency: -317.76)
C                 -0.70932200    1.18331100    2.89070900
 C                 -1.33008300    1.65341100    1.73464300
 C                 -1.32356200    0.89251800    0.57354100
 C                 -0.66628500   -0.34501200    0.52249800
 C                 -0.06348300   -0.82619400    1.69597700
 C                 -0.06868100   -0.05554500    2.85494100
 H                 -0.72785900    1.77390600    3.79958100
 H                 -1.82562900    2.61973200    1.71190500
 H                  0.41788600   -1.79885500    1.68920300
 H                  0.41802100   -0.44551300    3.74399200
 I                 -1.75355700   -1.96857600   -0.70096600
 O                 -1.87532100    1.38400600   -0.59531000
 C                 -3.23394700    1.59645600   -0.61577800
 H                 -3.54009200    2.06550800   -1.54478000
 C                 -4.09428000    1.27901300    0.31950100
 C                 -4.97825400    0.99224500    1.23715800
 H                 -5.24053700    1.70439700    2.01656400
 H                 -5.47679800    0.02594700    1.26176000
 P                  1.16914400   -0.01515600   -1.30558900
 C                  2.36213100   -0.99474600   -0.34756600
 C                  2.17730500   -2.39262100   -0.33828000
 C                  3.42214700   -0.48196400    0.41965100
 C                  3.00826300   -3.23252600    0.39540500
 H                  1.35727900   -2.82404900   -0.90876100
 C                  4.25389400   -1.32389600    1.15349800
 H                  3.60683800    0.58733200    0.43400600
 C                  4.05496700   -2.70316500    1.14984700
 H                  2.83512800   -4.30468300    0.38034800
 H                  5.06774000   -0.89557900    1.73155300
 H                  4.70492600   -3.35529900    1.72391000
 C                  1.54885600    1.72451400   -0.92447700
 C                  1.62461100    2.67677200   -1.95381200
 C                  1.61127800    2.18737000    0.40122600
 C                  1.77639300    4.03204000   -1.67499900
 H                  1.57120900    2.34631500   -2.98839400
 C                  1.77441200    3.54126100    0.68205800
 H                  1.51939500    1.47641100    1.21845800
 C                  1.85897400    4.46983000   -0.35375600
 H                  1.83799500    4.74702400   -2.48995800
 H                  1.82080500    3.87199100    1.71560300
 H                  1.98296200    5.52554700   -0.13419400
 Li                 0.68088900   -0.95625300   -3.59839300
M2T (G = -1245.199024 a.u.)
C                  1.13830900    2.96177400   -0.81787800
 C                 -0.06954500    2.59461300   -1.41267500
 C                 -0.90477500    1.70549000   -0.74118800
 C                 -0.54042900    1.24976600    0.50353200
 C                  0.64226800    1.58977700    1.11792700
 C                  1.50212400    2.45626200    0.43185900
 H                  1.80540000    3.63803900   -1.34131400
 H                 -0.35958500    2.96603700   -2.39107300
 H                  0.90958900    1.19166600    2.09173700
 H                  2.45815000    2.72193700    0.87380800
 I                 -2.64478300   -1.36264300    1.46648100
 O                 -2.06610900    1.23513500   -1.35751900
 C                 -3.20939000    2.01073700   -1.16152100
 H                 -4.05273800    1.61255800   -1.71325900
 C                 -3.27025200    3.08180100   -0.41629900
 C                 -3.37234600    4.16056300    0.31112500
 H                 -3.18172200    5.14508400   -0.10827500
 H                 -3.64530400    4.10631700    1.36158300
 P                  1.76724600   -1.94258800    0.64602200
 C                  3.09584800   -0.70455800    0.74369300
 C                  3.37218200   -0.18526200    2.02120200
 C                  3.89560900   -0.28332200   -0.33156400
 C                  4.37654200    0.75789100    2.21008700
 H                  2.77986900   -0.51588700    2.87140500
 C                  4.90196400    0.65841200   -0.14181000
 H                  3.73142900   -0.69655100   -1.32178200
 C                  5.13969600    1.18968400    1.12544300
 H                  4.56418100    1.15573100    3.20222100
 H                  5.50681600    0.97522900   -0.98551200
 H                  5.92302600    1.92678800    1.26898900
 C                  1.12148100   -1.76833400   -1.04551400
 C                  0.46348700   -2.88649000   -1.59159900
 C                  1.14477700   -0.57996500   -1.79549000
 C                 -0.11375900   -2.83113200   -2.85729800
 H                  0.41624900   -3.81031300   -1.02052200
 C                  0.56788600   -0.52476000   -3.06179700
 H                  1.60730600    0.31052100   -1.38052800
 C                 -0.05834800   -1.64996900   -3.60004000
 H                 -0.59939100   -3.71073000   -3.26759000
 H                  0.59987500    0.40411900   -3.62354400
 H                 -0.49873600   -1.60804400   -4.59107400
 Li                -2.23689500   -0.78418500   -1.14004200
TS3T (G = -1226.212407 a.u.; Imaginary Frequency: -310.92)
C                  0.62418900    2.93623800   -0.95515000
 C                 -0.75083000    2.79112000   -1.13036500
 C                 -1.48117100    2.11618600   -0.15100500
 C                 -0.83037700    1.65644500    0.97094800
 C                  0.52474600    1.78308500    1.17182400
 C                  1.26753300    2.43081800    0.17779400
 H                  1.20373500    3.44075300   -1.72108700
 H                 -1.25539500    3.15936200   -2.01810700
 H                  1.00859000    1.38201700    2.05807000
 H                  2.34345700    2.52720000    0.28697100
 O                 -2.81027700    1.87553600   -0.34222300
 C                 -3.37006400    1.00677000    0.55812600
 H                 -4.41638100    0.83028300    0.33947200
 C                 -2.76568300    0.42671000    1.57270900
 C                 -2.49168900   -0.32562400    2.62404300
 H                 -2.11334700   -1.33785600    2.49908500
 H                 -2.56109800    0.06368100    3.63629900
 P                  0.75575900   -1.84240200    1.12562800
 C                  2.22081900   -1.07398100    0.37332800
 C                  3.13726100   -0.47004900    1.25204900
 C                  2.53266300   -1.10455700   -0.99573000
 C                  4.30283000    0.12053800    0.77665700
 H                  2.92423300   -0.45480500    2.31857300
 C                  3.70013200   -0.51553700   -1.47038600
 H                  1.85846700   -1.59442100   -1.69140800
 C                  4.58389300    0.10599700   -0.58908600
 H                  4.99188200    0.59157200    1.47042700
 H                  3.92337200   -0.54554700   -2.53212500
 H                  5.49197800    0.56716500   -0.96351000
 C                 -0.53123500   -1.72834000   -0.14739600
 C                 -1.60239800   -2.63348000   -0.03461800
 C                 -0.60082300   -0.73268800   -1.13699800
 C                 -2.69711100   -2.55666900   -0.88814300
 H                 -1.57209500   -3.40475200    0.73189100
 C                 -1.69664700   -0.65799300   -1.98947500
 H                  0.19071400    0.00777300   -1.21571300
 C                 -2.74592700   -1.56848200   -1.87038800
 H                 -3.51195800   -3.26635100   -0.78712800
 H                 -1.73962600    0.12990200   -2.73560700
 H                 -3.60135200   -1.50327900   -2.53517900
M3T (G = -1226.320544 a.u.)
C                  1.13830900    2.96177400   -0.81787800
 C                 -0.06954500    2.59461300   -1.41267500
 C                 -0.90477500    1.70549000   -0.74118800
 C                 -0.54042900    1.24976600    0.50353200
 C                  0.64226800    1.58977700    1.11792700
 C                  1.50212400    2.45626200    0.43185900
 H                  1.80540000    3.63803900   -1.34131400
 H                 -0.35958500    2.96603700   -2.39107300
 H                  0.90958900    1.19166600    2.09173700
 H                  2.45815000    2.72193700    0.87380800
 O                 -2.06610900    1.23513500   -1.35751900
 C                 -3.20939000    2.01073700   -1.16152100
 H                 -4.05273800    1.61255800   -1.71325900
 C                 -3.27025200    3.08180100   -0.41629900
 C                 -3.37234600    4.16056300    0.31112500
 H                 -3.18172200    5.14508400   -0.10827500
 H                 -3.64530400    4.10631700    1.36158300
 P                  1.76724600   -1.94258800    0.64602200
 C                  3.09584800   -0.70455800    0.74369300
 C                  3.37218200   -0.18526200    2.02120200
 C                  3.89560900   -0.28332200   -0.33156400
 C                  4.37654200    0.75789100    2.21008700
 H                  2.77986900   -0.51588700    2.87140500
 C                  4.90196400    0.65841200   -0.14181000
 H                  3.73142900   -0.69655100   -1.32178200
 C                  5.13969600    1.18968400    1.12544300
 H                  4.56418100    1.15573100    3.20222100
 H                  5.50681600    0.97522900   -0.98551200
 H                  5.92302600    1.92678800    1.26898900
 C                  1.12148100   -1.76833400   -1.04551400
 C                  0.46348700   -2.88649000   -1.59159900
 C                  1.14477700   -0.57996500   -1.79549000
 C                 -0.11375900   -2.83113200   -2.85729800
 H                  0.41624900   -3.81031300   -1.02052200
 C                  0.56788600   -0.52476000   -3.06179700
 H                  1.60730600    0.31052100   -1.38052800
 C                 -0.05834800   -1.64996900   -3.60004000
 H                 -0.59939100   -3.71073000   -3.26759000
 H                  0.59987500    0.40411900   -3.62354400
 H                 -0.49873600   -1.60804400   -4.59107400
2a (G = -1226.398424 a.u.)
C                 -5.04258600   -1.31097500    0.86537600
 C                 -4.84561700   -0.26977200   -0.03399300
 C                 -3.56861800   -0.15135200   -0.56769200
 C                 -2.51248400   -1.01428500   -0.24880300
 C                 -2.73258600   -2.05564700    0.66146600
 C                 -4.00082900   -2.19086400    1.20924800
 H                 -6.02142900   -1.44649000    1.31297500
 H                 -5.63778000    0.41762000   -0.30733200
 H                 -1.93017800   -2.73507000    0.93240400
 H                 -4.19595700   -2.98901400    1.91761200
 O                 -3.15370800    0.79228400   -1.45697900
 C                 -1.83250500    0.53155100   -1.70029800
 H                 -1.33944900    1.21143700   -2.37977800
 C                 -1.37839500   -0.54673000   -1.01970600
 C                  0.01432400   -1.07696100   -0.98270900
 H                  0.00919900   -2.16911600   -1.06354800
 H                  0.60693700   -0.67148100   -1.80921800
 P                  0.82220900   -0.61863700    0.65391600
 C                  2.59524500   -0.92684600    0.26503300
 C                  3.56934500   -0.29300500    1.05026100
 C                  3.01228500   -1.82446900   -0.72276900
 C                  4.92169600   -0.53907500    0.84268600
 H                  3.26388400    0.40855200    1.82289500
 C                  4.36913500   -2.07721900   -0.92565600
 H                  2.28451700   -2.33555900   -1.34528600
 C                  5.32631400   -1.43484600   -0.14717200
 H                  5.66136900   -0.03246800    1.45442900
 H                  4.67449400   -2.77569000   -1.69831200
 H                  6.38152600   -1.62964200   -0.30833500
 C                  0.73052600    1.21265600    0.47119400
 C                  1.51239100    1.93043900   -0.44169800
 C                 -0.24288300    1.89066500    1.21099800
 C                  1.32396400    3.29940300   -0.60776900
 H                  2.27386900    1.41476100   -1.02154200
 C                 -0.43624000    3.26090300    1.04174700
 H                 -0.85828300    1.34003400    1.91807500
 C                  0.34797800    3.96604900    0.13314000
 H                  1.93661500    3.84707300   -1.31695900
 H                 -1.19700700    3.77524300    1.62003800
 H                  0.20145000    5.03335400    0.00166400


Ⅳ. Synthetic Transformations


To a 10 mL anaerobic tubes with a magnetic stir bar was added 3a (0.10 mmol) and Lawesson’s reagent (0.7 eq.) with 1 mL Toluene at 100 ℃ for 8 ‒ 12 h under N2. After cooling to room temperature, the reaction system was quenched by saturated sodium carbonate. The organic layer was then passed through a short MgSO4 / diatomite / MgSO4 column and eluted with EA, evaporated under reduced pressure. The reaction mixture was purified by silica gel chromatography (100:1 PE / EA as eluent) to give the desired product 13 (34.5 mg, 99%).



A solution of 3a (500 mg) in dry DCM (30 mL) was cooled at −10 °C under an argon atmosphere. TiCl4 (1M in DCM, 3.5 eq.) was added, followed by 1,1-dichlorodimethyl ether (3.5 eq.). The resulting mixture was allowed to warm up to rt and stirred for 16 h. The solution was then poured onto ice and stirred for 10 min. The organic phase was separated and the aqueous phase extracted with DCM (2 x 50 mL). The combined organic layers were washed with a saturated aqueous solution of NaHCO3 (2 x 30 mL), H2O (2 x 30 mL), and brine (2 x 30 mL), then dried over MgSO4, filtered and concentrated under reduced pressure. The crude product was purified via silica gel column chromatography (8:1 PE / EA as eluent) to afford compound 14 (277.3 mg, 60% yield) as an amorphous white solid.


To a 4.0 mL vial equipped with a magnetic stir bar was added 3a (0.10 mmol) and PPh3 (20 mol%), put it in a glove box filled with nitrogen to replace the nitrogen, and then C4F9I (0.20 mmol) were added. then added CH3OH (1.00 mL) via syringe, Outside the glovebox the reaction vial was transferred into the photoreactor (440 ‒ 445 nm,10 W), the irradiation was started and the reaction mixture was allowed to stirred for 24 h at room temperature. After completion of the reaction, monitored by TLC plate, the mixture was concentrated under reduced pressure. The resulting crude residue was purified via column chromatography on silica gel (petroleum ether / ethyl acetate = 10:1) to afford the desired products 15 (40.7 mg, 74% yield) as a white solid.



To a solution of 3a (1.0 g, 3.01 mmol) in chloroform (20 mL) was added dropwise N-bromosuccinimide (0.49 g, 2.74 mmol) in CH3CN (20 mL) at −30 ℃. The reaction mixture was stirred at the same temperature for 1 h. The reaction mixture was poured into water and extracted with chloroform. The organic layer was washed with brine and dried. The solvent was evaporated off, giving a residue which was purified by silica gel column chromatography (1:3 PE / EA) to give 16 (1.1 g, 95%) as a white solid.


To a 10 mL anaerobic tubes with a magnetic stir bar was added 16 (41.12 mg, 0.1 mmol), o-tolylboronic acid (27.19 mg, 0.2 mmol), K2CO3 (41.46 mg, 0.3 mmol), Pd(Ph3P)4 (3.66 mg, 10 mol%), toluene (1.4 mL) and H2O (0.6 mL) at 100 ℃ for 8 h under N2. The reaction mixture was filtered through celite pad and washed by EA, and the filtrate was concentrated. The residue was dissolved in EA (2 mL) and washed successively with water (5 mL) and saturated brine (5 mL). The organic phase was dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography (1:3 PE / EA) to afford 17 as orange solid (26.2 mg, 62%).


To a 10 mL anaerobic tubes with a magnetic stir bar was added 16 (41.12 mg, 0.1 mmol), methyl acrylate (18 μL, 0.2 mmol), K2CO3 (20.16 mg, 0.2 mmol), PdCl2 (1.29 mg, 10 mol%) and NMP (2 mL) at 80 ℃ for 12 h under N2. The reaction mixture was filtered through celite pad and washed by EA, and the filtrate was concentrated. The residue was dissolved in EA (2 mL) and washed successively with water (5 mL) and saturated brine (5 mL). The organic phase was dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography (1:3 PE / EA) to afford 18 as orange solid (26.2 mg, 63%).


Ⅴ. Antibacterial Activity in Vitro
Antibacterial activities of the title compounds 3, 5, 7, 8, 13 ‒ 18 against Xanthomonas oryzae pv.oryzae (X. oryzae pv. o) and Xanthomonas axonopodis pv. Citri (X. axonopodis pv. c) were evaluated by using the turbidimeter test, commercial agricultural antibacterial thiodiazole-copper and bismerthiazol was used as control. The test compounds were dissolved in 160 μL of DMSO and diluted with 0.1% (V / V) Tween-20 to prepare two concentrations of 50 and 25 μg/mL. 1 mL of the liquid sample was added to the non-toxic nutrient broth (NB: 1.5 g of beef extract, 2.5 g of peptone, 0.5 g of yeast powder, 5.0 g of glucose and 500 mL of distilled water, pH = 7.0 ‒ 7.2) liquid medium in 4 mL tubes. Then, 40 μL of NB containing X. oryzae pv. o and X. axonopodis pv. c was added to 5 mL of solvent NB containing the test compounds, thiodiazole-copper and bismerthiazol. The inoculated test tubes were incubated at (30 ± 1) °C under continuous shaking at 180 rpm / min for 38 ‒ 48 h. In the same situation, X. oryzae pv. o and X. axonopodis pv. c were continuously shaken for 38 ‒ 48 h. The culture growth was monitored spectrophotometric ally by measuring the optical density at 595 nm (OD595) and expressed as corrected turbidity. The relative inhibitory rate (%) compared with a blank assay was calculated according to the following formula:
Inhibition rate (%) = (CK-T) / CK×100
“CK” means the value of corrected optical density of bacterial growth on untreated NB (negative control), and “T” means the value of corrected optical density of bacterial growth on treated NB. Similarly, the solvent of X. oryzae pv. o and X. axonopodis pv. c was SM (10.0 g of peptone, 5.0 g of glucose, 1.0 g of casein acid hydrolysate, 1000 mL of distilled water, pH = 7.0 ‒ 7.2).


Table S6. In vitro antibacterial activity of 3, 8, 13-18
	Compounds
	Inhibition Ratea/%

	
	X. oryzae pv. o.
	X. axonopodis pv. c.

	
	50 μg/mL
	25 μg/mL
	50 μg/mL
	25 μg/mL

	3a
	0
	0
	65.07 ± 3.38
	26.26 ± 9.72

	3b
	32.02 ± 0.63
	26.92 ± 1.05
	16.24 ± 7.89
	13.20 ± 0.68

	3c
	15.44 ± 2.93
	13.98 ± 6.97
	32.99 ± 4.43
	23.48 ± 6.84

	3d
	15.62 ± 5.56
	13.94 ± 6.90
	40.69 ± 9.97
	29.30 ± 2.75

	3e
	0
	0
	51.36 ± 5.14
	45.37 ± 1.34

	3f
	11.62 ± 6.07
	11.04 ± 2.50
	33.38 ± 1.99
	29.62 ± 4.86

	3g
	26.28 ± 4.67
	0
	40.94 ± 2.58
	31.01 ± 2.19

	3h
	19.39 ± 1.13
	13.24 ± 3.03
	0
	0

	3i
	0
	0
	13.50 ± 4.55
	8.99 ± 2.43

	3j
	0
	0
	9.64 ± 1.28
	6.19 ± 5.61

	3k
	18.92 ± 1.92
	13.96 ± 5.90
	15.65 ± 9.47
	7.05 ± 5.03

	3l
	24.66 ± 0.70
	16.72 ± 2.18
	4.79 ± 1.38
	2.98 ± 0.95

	3m
	20.92 ± 1.81
	12.23 ± 2.36
	11.32 ± 8.03
	8.09 ± 3.47

	8
	29.12 ± 2.64
	20.22 ± 3.12
	0
	0

	13
	26.49 ± 3.07
	15.18 ± 0.44
	0
	0

	14
	22.86 ± 1.67
	20.89 ± 1.82
	15.33 ± 1.57
	9.53 ± 1.48

	15
	17.91 ± 2.99
	12.78 ± 7.03
	16.95 ± 3.56
	14.29 ± 0.81

	16
	26.22 ± 8.37
	22.05 ± 3.79
	8.54 ± 3.04
	4.79 ± 0.48

	17
	23.50 ± 3.22
	20.02 ± 3.26
	45.34 ± 2.07
	4.20 ± 0.92

	18
	5.88 ± 0.66
	0
	0
	0

	Bismerthiazol
	40.25 ± 0.27
	17.71 ± 0.70
	43.66 ± 2.13
	27.36 ± 3.91

	Thiodiazole-copper
	28.08 ± 3.06
	10.75 ± 5.97
	38.10 ± 5.43
	20.63 ± 6.57


a The experiments were repeated three times.


Table S7. In vitro antibacterial activity of 5
	Compounds
	Inhibition Ratea/%

	
	X. oryzae pv. o.
	X. axonopodis pv. c.

	
	50 μg/mL
	25 μg/mL
	50 μg/mL
	25 μg/mL

	5a
	24.08 ± 3.41
	21.82 ± 2.52
	67.35 ± 5.66
	60.40 ± 3.88

	5b
	44.94 ± 0.86
	44.02 ± 3.32
	27.17 ± 6.79
	18.09 ± 0.51

	5c
	31.44 ± 2.47
	0
	70.57 ± 4.15
	68.56 ± 0.78

	5d
	32.31 ± 1.62
	5.53 ± 8.62
	68.05 ± 2.79
	65.79 ± 1.58

	5e
	55.55 ± 6.20
	49.87 ± 0.61
	31.69 ± 7.98
	23.93 ± 7.40

	5f
	62.74 ± 0.56
	54.22 ± 2.78
	63.52 ± 7.75
	61.84 ± 1.07

	5g
	0
	0
	44.05 ± 3.27
	34.72 ± 3.52

	5h
	22.80 ± 1.66
	19.62 ± 4.48
	69.28 ± 1.51
	66.88 ± 1.25

	5i
	62.74 ± 1.84
	59.08 ± 0.70
	47.22 ± 4.48
	43.60 ± 6.14

	5j
	55.72 ± 4.09
	50.53 ± 5.95
	47.67 ± 1.38
	45.21 ± 6.51

	5k
	68.97 ± 6.57
	55.52 ± 1.28
	71.65 ± 1.99
	65.28 ± 2.19

	5l
	0
	0
	35.12 ± 3.93
	29.75 ± 3.01

	5m
	96.41 ± 0.10
	63.08 ± 2.20
	74.97 ± 1.21
	63.71 ± 1.52

	5n
	35.21 ± 2.52
	26.13 ± 1.91
	52.33 ± 6.09
	21.73 ± 9.07

	5o
	71.49 ± 7.39
	67.02 ± 1.65
	71.57 ± 2.81
	70.47 ± 2.52

	5p
	38.74 ± 2.24
	33.58 ± 5.05
	64.36 ± 1.99
	57.05 ± 5.70

	5q
	0
	0
	56.79 ± 4.91
	51.03 ± 0.49

	5r
	52.19 ± 1.31
	46.01 ± 4.76
	54.33 ± 6.16
	50.58 ± 2.43

	5s
	85.11 ± 2.20
	58.56 ± 4.53
	72.38 ± 3.42
	31.18 ± 2.14

	5t
	0
	0
	73.80 ± 0.70
	70.25 ± 1.17

	5u
	0
	0
	74.58 ± 1.08
	64.36 ± 1.26

	5v
	74.67 ± 2.17
	70.95 ± 0.53
	72.12 ± 2.81
	69.86 ± 0.62

	5w
	80.12 ± 1.00
	73.46 ± 2.33
	73.48 ± 4.61
	66.36 ± 4.93

	5x
	9.07 ± 2.73
	6.06 ± 2.01
	10.41 ± 3.85
	3.58 ± 0.24

	5y
	15.81 ± 3.87
	11.85 ± 1.25
	9.83 ± 4.77
	8.21 ± 4.27

	Bismerthiazol
	40.25 ± 0.27
	17.71 ± 0.70
	43.66 ± 2.13
	27.36 ± 3.91

	Thiodiazole-copper
	28.08 ± 3.06
	10.75 ± 5.97
	38.10 ± 5.43
	20.63 ± 6.57


a The experiments were repeated three times.


Table S8. In vitro antibacterial activity of 7
	Compounds
	Inhibition Ratea/%

	
	X. oryzae pv. o.
	X. axonopodis pv. c.

	
	50 μg/mL
	25 μg/mL
	50 μg/mL
	25 μg/mL

	7a
	11.27 ± 6.85
	8.78 ± 9.09
	66.49 ± 2.62
	60.41 ± 4.85

	7b
	58.33 ± 9.89
	28.77 ± 1.91
	48.64 ± 3.71
	39.97 ± 2.27

	7c
	24.08 ± 1.18
	16.02 ± 0.70
	60.74 ± 3.94
	59.25 ± 1.36

	7d
	53.69 ± 0.20
	45.70 ± 6.07
	71.22 ± 3.14
	62.23 ± 3.42

	7e
	60.42 ± 1.88
	48.36 ± 1.31
	67.59 ± 2.70
	50.52 ± 1.69

	7f
	1.77 ± 0.63
	0
	50.71 ± 3.05
	40.23 ± 3.30

	7g
	63.84 ± 5.24
	54.71 ± 0.63
	63.91 ± 1.87
	61.13 ± 3.03

	7h
	67.31 ± 4.10
	61.29 ± 3.55
	70.63 ± 3.70
	66.49 ± 2.32

	7i
	64.88 ± 2.18
	60.18 ± 4.55
	64.88 ± 4.52
	59.96 ± 2.50

	7j
	27.85 ± 9.36
	14.54 ± 0.35
	20.25 ± 5.03
	19.88 ± 5.77

	7k
	41.47 ± 2.24
	39.84 ± 0.76
	0
	0

	7l
	15.85 ± 1.06
	5.36 ± 1.72
	72.19 ± 1.36
	66.30 ± 2.91

	Bismerthiazol
	40.25 ± 0.27
	17.71 ± 0.70
	43.66 ± 2.13
	27.36 ± 3.91

	Thiodiazole-copper
	28.08 ± 3.06
	10.75 ± 5.97
	38.10 ± 5.43
	20.63 ± 6.57


a The experiments were repeated three times.


Ⅵ. Stereochemistry Determination by X-ray Crystallographic Analysis
A colorless brock crystal of 3c was obtained by vaporization of its DCM / PE solution. A colorless brock crystal of 14 was obtained by vaporization of its MeOH / n-hexane solution.
CCDC 2209970 and 2209975 contain the supplementary X-ray crystallographic data of 3c and 14, respectively. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk / data request / cif.
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Ⅶ. Characterization of Products
1-chloro-2-iodo-3-(propa-1,2-dien-1-yloxy)benzene 1b:

White solid, 57% yield; m.p. 45 – 47 oC;
1H NMR (400 MHz, CDCl3) δ 7.29 – 7.13 (m, 2H), 6.94 (dd, J = 8.0, 1.6 Hz, 1H), 6.81 (t, J = 6.0 Hz, 1H), 5.46 (d, J = 6.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 202.3, 158.0, 140.0, 129.6, 124.0, 118.3, 114.2, 92.7, 90.7;
HRMS (ESI, m/z) calcd. for C9H6ClIOH+: 292.9225, found: 292.9205.

1-bromo-3-iodo-2-(propa-1,2-dien-1-yloxy)benzene 1j:

Colorless oil, 83% yield; 
1H NMR (400 MHz, CDCl3) δ 7.72 (dd, J = 8.0, 1.4 Hz, 1H), 7.53 (dd, J = 8.0, 1.4 Hz, 1H), 6.94 (t, J = 6.0 Hz, 1H), 6.75 (t, J = 8.0 Hz, 1H), 5.31 (d, J = 6.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 200.2, 152.8, 138.6, 133.6, 127.8, 121.1, 117.0, 92.6, 92.2;
HRMS (ESI, m/z) calcd. for C9H6BrIOH+: 336.8719, found: 336.8714.  

1-iodo-2-(octa-1,2-dien-3-yloxy)benzene 1l:

 Colorless oil, 85% yield;
1H NMR (400 MHz, CDCl3) δ 7.75 (dd, J = 8.0, 1.6 Hz, 1H), 7.30 – 7.21 (m, 1H), 7.05 (dd, J = 8.0, 1.6 Hz, 1H), 6.79 (td, J = 7.6, 1.6 Hz, 1H), 5.16 (t, J = 3.0 Hz, 2H), 2.37 (tt, J = 7.8, 2.8 Hz, 2H), 1.61 (m, J = 15.0, 8.0, 6.0 Hz, 2H), 1.45 – 1.29 (m, 4H), 0.91 (t, J = 7.0 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 199.7, 155.7, 139.3, 133.0, 129.0, 125.3, 120.3, 89.8, 89.5, 31.5, 31.4, 26.1, 22.5, 14.1;
HRMS (ESI, m/z) calcd. for C14H17IOH+: 329.0397, found: 329.0390.

1-((4-ethylocta-1,2-dien-3-yl)oxy)-2-iodobenzene 1m:

 Colorless oil, 81% yield;
1H NMR (400 MHz, CDCl3) δ 7.75 (dd, J = 8.0, 1.6 Hz, 1H), 7.30 – 7.22 (m, 1H), 7.06 (dd, J = 8.2, 1.6 Hz, 1H), 6.80 (td, J = 7.6, 1.6 Hz, 1H), 5.17 (d, J = 1.4 Hz, 2H), 2.24 – 2.15 (m, 1H), 1.76 – 1.43 (m, 5H), 1.42 – 1.29 (m, 3H), 1.01 (t, J = 7.4 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 199.5, 155.7, 139.3, 134.9, 128.9, 125.2, 120.6, 89.8, 89.6, 43.8, 31.8, 29.5, 25.4, 22.8, 14.2, 11.8.
HRMS (ESI, m/z) calcd. for C16H21IOH+: 357.0710, found: 357.0705.

(benzofuran-3-ylmethyl)diphenylphosphine oxide 3a:

White solid, 80% yield; m.p. 135 – 137 oC;
1H NMR (400 MHz, CDCl3) δ 7.80 – 7.70 (m, 4H), 7.55 – 7.48 (m, 3H), 7.47 – 7.35 (m, 6H), 7.23 (dd, J = 8.2, 1.2 Hz, 1H), 7.18 – 7.11 (m, 1H), 3.69 (dd, J = 13.2, 0.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 154.8, 143.6 (d, J = 7.3 Hz), δ132.2 (d, J = 99.9 Hz), 132.1 (d, J = 2.6 Hz), 131.0 (d, J = 9.3 Hz), 128.7 (d, J = 11.8 Hz), 128.0 (d, J = 5.1 Hz),124.4, 122.6, 119.5, 111.4, 110.3 (d, J = 8.1 Hz), 26.1 (d, J = 70.1 Hz);
31P NMR (162 MHz, CDCl3) δ 29.2;
HRMS (ESI, m/z) calcd. for C21H17O2PH+: 333.1044, found: 333.1046.   

((4-chlorobenzofuran-3-yl)methyl)diphenylphosphine oxide 3b:

White solid, 64% yield; m.p. 135 – 137 oC;
1H NMR (400 MHz, CDCl3) δ 7.86 – 7.69 (m, 5H), 7.52 – 7.41 (m, 6H), 7.33 (dd, J = 7.2, 1.6 Hz, 1H), 7.14 (p, J = 7.8 Hz, 2H), 4.08 (d, J = 12.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.6, 145.1 (d, J = 6.5 Hz), 132.2 (d, J = 100.2 Hz), 132.0 (d, J = 2.7 Hz), 131.0 (d, J = 9.3 Hz), 128.7 (d, J = 11.8 Hz), 126.0, 124.9 (d, J = 6.4 Hz), 124.9, 123.8, 110.6, 110.3 (d, J = 7.4 Hz), 25.8 (d, J = 69.3 Hz);
31P NMR (162 MHz, CDCl3) δ 29.8;
HRMS (ESI, m/z) calcd. for C21H16ClO2PH+: 367.0655, found: 367.0652.

((5-fluorobenzofuran-3-yl)methyl)diphenylphosphine oxide 3c:

White solid, 63% yield; m.p. 99 – 101 oC;
1H NMR (400 MHz, CDCl3) δ 7.80 – 7.71 (m, 4H), 7.59 – 7.50 (m, 3H), 7.49 – 7.41 (m, 4H), 7.32 (dd, J = 8.8, 4.0 Hz, 1H), 7.00 (dd, J = 8.6, 2.6 Hz, 1H), 6.94 (m, 1H), 3.64 (dd, J = 13.0, 0.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 159.1 (d, J = 238.4 Hz), 151.0, 145.4 (d, J = 7.3 Hz), 132.2 (d, J = 2.8 Hz), 132.0 (d, J = 100.0 Hz), 131.0 (d, J = 9.3 Hz), 128.8 (dd, J = 10.4 Hz), 128.8 (d, J = 11.8 Hz), 112.2 (d, J = 32.6 Hz), 112.1 (d, J = 3.4 Hz), 110.7 (dd, J = 8.0, 4.2 Hz), 105.3 (d, J = 25.4 Hz), 26.2 (d, J = 69.8 Hz).
19F NMR (376 MHz, CDCl3) δ -120.9 – -121.0 (m);
31P NMR (162 MHz, CDCl3) δ 28.9;
HRMS (ESI, m/z) calcd. for C21H16FO2PH+: 351.0950, found: 351.0955. 

((5-chlorobenzofuran-3-yl)methyl)diphenylphosphine oxide 3d:

White solid, 67% yield; m.p. 182 – 184 oC;
1H NMR (400 MHz, CDCl3) δ 7.79 – 7.71 (m, 4H), 7.59 – 7.50 (m, 3H), 7.48 – 7.43 (m, 4H), 7.31 (d, J = 8.8 Hz, 1H), 7.24 (d, J = 2.0 Hz, 1H), 7.18 (dd, J = 8.8, 2.0 Hz, 1H), 3.64 (d, J = 13.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 153.2, 145.1 (d, J = 7.3 Hz), 132.2 (d, J = 2.7 Hz), 132.0 (d, J = 99.9 Hz), 131.0 (d, J = 9.2 Hz), 129.3 (d, J = 4.5 Hz), 128.8 (d, J = 11.9 Hz), 128.3, 124.7, 119.3, 112.4, 110.2 (d, J = 8.1 Hz), 26.2 (d, J = 69.7 Hz);
31P NMR (162 MHz, CDCl3) δ 28.6;
HRMS (ESI, m/z) calcd. for C21H16ClO2PH+: 367.0655, found: 367.0657.

diphenyl((5-(trifluoromethyl)benzofuran-3-yl)methyl)phosphine oxide 3e:

Yellow solid, 65% yield; m.p. 123 – 125 oC;
1H NMR (400 MHz, CDCl3) δ 7.80 – 7.72 (m, 4H), 7.68 (d, J = 3.2 Hz, 1H), 7.57 – 7.39 (m, 9H), 3.71 (d, J = 12.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ156.2, 145.5 (d, J = 7.3 Hz), 132.3 (d, J = 2.7 Hz), 131.9 (d, J = 100.1 Hz), 131.0 (d, J = 9.4 Hz), 128.8 (d, J = 12.0 Hz), 128.0 (d, J = 4.5 Hz), 125.2 (q, J = 32.1 Hz), 124.5 (q, J = 271.8 Hz), 121.5 (q, J = 3.5 Hz), 117.3 (q, J = 4.1 Hz), 111.9, 110.8 (d, J = 8.1 Hz), 26.2 (d, J = 69.2 Hz);
19F NMR (377 MHz, CDCl3) δ -60.7;
31P NMR (162 MHz, CDCl3) δ 28.5;
HRMS (ESI, m/z) calcd. for C22H16F3O2PH+: 401.0918, found: 401.0917.  
	
((5-methylbenzofuran-3-yl)methyl)diphenylphosphine oxide 3f:

White solid, 87% yield; m.p. 173 – 175 oC;
1H NMR (400 MHz, CDCl3) δ 7.81 – 7.70 (m, 4H), 7.55 – 7.48 (m, 2H), 7.46 – 7.42 (m, 5H), 7.26 (d, J = 1.6 Hz, 1H), 7.10 (s, 1H), 7.04 (d, J = 8.4 Hz, 1H), 3.66 (d, J = 13.2 Hz, 2H), 2.36 (s, 3H);
13C NMR (101 MHz, CDCl3) δ153.3, 143.7 (d, J = 7.3 Hz), 132.4 (d, J = 99.6 Hz), 132.0 (d, J = 2.9 Hz), 131.1 (d, J = 9.1 Hz), 128.6 (d, J = 11.9 Hz), 128.0 (d, J = 4.6 Hz), 125.7, 119.4, 110.9, 110.0 (d, J = 8.1 Hz), 26.2 (d, J = 70.2 Hz), 21.3;
31P NMR (162 MHz, CDCl3) δ 29.1;
HRMS (ESI, m/z) calcd. for C22H19O2PH+: 347.1201, found: 347.1199.   	

((5-(tert-butyl)benzofuran-3-yl)methyl)diphenylphosphine oxide 3g:

Yellow solid, 66% yield, m.p. 116 – 118 oC;
1H NMR (400 MHz, CDCl3) δ 7.80 – 7.70 (m, 4H), 7.54 – 7.47 (m, 3H), 7.46 – 7.40 (m, 4H), 7.34 – 7.29 (m, 2H), 7.25 (d, J = 1.4 Hz, 1H), 3.71 (dd, J = 13.4, 0.8 Hz, 2H), 1.30 (s, 9H);
13C NMR (101 MHz, CDCl3) δ 153.0, 145.5, 143.9 (d, J = 7.3 Hz), 132.3 (d, J = 99.7 Hz), 132.0 (d, J = 2.7 Hz), 131.1 (d, J = 9.4 Hz), 128.6 (d, J = 11.8 Hz), 127.5 (d, J = 5.0 Hz), 122.4, 115.3, 110.7, 110.2 (d, J = 7.9 Hz),34.7, 31.8, 26.0 (d, J = 70.1 Hz);
31P NMR (162 MHz, CDCl3) δ 29.0;
HRMS (ESI, m/z) calcd. for C25H25O2PH+: 389.1670, found: 389.1671.  

(naphtho[2,1-b]furan-1-ylmethyl)diphenylphosphine oxide 3h:

White solid, 74% yield; m.p. 231 – 233 oC;
1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 7.7 Hz, 1H), 7.86 – 7.73 (m, 5H), 7.70 (d, J = 9.2 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.55 – 7.38 (m, 8H), 4.13 (dd, J = 13.2, 0.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 152.9, 143.4 (d, J = 7.4 Hz), 132.4 (d, J = 100.1 Hz), 132.1 (d, J = 2.6 Hz), 131.1 (d, J = 9.3 Hz), 130.8, 129.2, 128.8 (d, J = 12.0 Hz), 128.5, 126.3, 125.9, 124.2, 122.6, 121.1 (d, J = 6.6 Hz), 112.7, 112.0 (d, J = 7.1 Hz), 28.0 (d, J = 69.5 Hz);
31P NMR (162 MHz, CDCl3) δ 29.5;
HRMS (ESI, m/z) calcd. for C25H19O2PH+: 383.1201, found: 383.1202.   	

((6-methoxybenzofuran-3-yl)methyl)diphenylphosphine oxide 3i:

Yellow solid, 50% yield; m.p. 147 – 149 oC;
1H NMR (400 MHz, CDCl3) δ 7.78 – 7.69 (m, 4H), 7.54 – 7.48 (m, 2H), 7.47 – 7.39 (m, 5H), 7.24 (d, J = 8.6 Hz, 1H), 6.93 (d, J = 2.4 Hz, 1H), 6.78 (dd, J = 8.6, 2.2 Hz, 1H), 3.81 (s, 3H), 3.65 (d, J = 13.2 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ158.1, 155.9, 142.6 (d, J = 7.6 Hz), 132.3 (d, J = 99.8 Hz), 132.0 (d, J = 2.7 Hz), 131.0 (d, J = 9.1 Hz), 128.7 (d, J = 11.7 Hz), 121.3 (d, J = 5.0 Hz), 119.8, 111.7, 110.2 (d, J = 8.1 Hz), 95.8, 55.7, 26.3 (d, J = 70.3 Hz);
31P NMR (162 MHz, CDCl3) δ 29.2;
HRMS (ESI, m/z) calcd. for C22H19O3PH+: 363.1150, found: 363.1150.

((7-bromobenzofuran-3-yl)methyl)diphenylphosphine oxide 3j:

White solid, 63% yield; m.p. 139 – 141 oC;
1H NMR (400 MHz, CDCl3) δ 7.81 – 7.70 (m, 4H), 7.55 – 7.49 (m, 3H), 7.46 – 7.38 (m, 5H), 7.24 – 7.03 (m, 2H), 3.69 (d, J = 13.2 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 154.8, 143.6 (d, J = 7.3 Hz), 132.3 (d, J = 99.6 Hz), 132.0 (d, J = 2.6 Hz), 131.0 (d, J = 9.1 Hz), 128.7 (d, J = 11.7 Hz), 128.0 (d, J = 4.9 Hz), 124.4, 122.6, 119.5, 111.4, 110.3 (d, J = 7.9 Hz), 26.1 (d, J = 70.1 Hz);
31P NMR (162 MHz, CDCl3) δ 29.1;
HRMS (ESI, m/z) calcd. for C21H16BrO2PH+: 411.0150, found: 411.0142.

((2-methylbenzofuran-3-yl)methyl)diphenylphosphine oxide 3k:

White solid, 90% yield; m.p. 196 – 198 oC;
1H NMR (400 MHz, CDCl3) δ 7.78 – 7.66 (m, 4H), 7.54 – 7.47 (m, 2H), 7.41 (tt, J = 7.6, 2.0 Hz, 4H), 7.30 (d, J = 8.2 Hz, 1H), 7.21 – 7.08 (m, 2H), 7.02 (t, J = 7.6 Hz, 1H), 3.60 (dd, J = 13.0, 2.2 Hz, 2H), 2.14 (dd, J = 3.2, 1.8 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ153.7, 153.3 (d, J = 8.1 Hz), 132.5 (d, J = 97.7 Hz), 131.9 (d, J = 2.9 Hz), 131.2 (d, J = 9.3 Hz), 129.3 (d, J = 1.9 Hz), 128.6 (d, J = 11.6 Hz), 123.2, 122.2, 119.4, 110.4, 104.9 (d, J = 8.8 Hz), 27.4 (d, J = 70.3 Hz), 12.1 (d, J = 2.1 Hz);
31P NMR (162 MHz, CDCl3) δ 28.6;
HRMS (ESI, m/z) calcd. for C22H19O2PNa+: 369.1015, found: 369.1017.

((2-pentylbenzofuran-3-yl)methyl)diphenylphosphine oxide 3l:

White solid, 75% yield; m.p. 151 – 153 oC;
1H NMR (400 MHz, CDCl3) δ 7.72 (ddt, J = 11.4, 7.0, 1.4 Hz, 4H), 7.50 (td, J = 7.4, 1.6 Hz, 2H), 7.42 (td, J = 7.6, 3.0 Hz, 4H), 7.31 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 7.8 Hz, 1H), 7.13 (td, J = 8.2, 7.8, 1.4 Hz, 1H), 7.06 – 6.99 (m, 1H), 3.63 (d, J = 13.0 Hz, 2H), 2.47 (td, J = 7.8, 2.2 Hz, 2H), 1.49 (p, J = 7.6 Hz, 2H), 1.27 – 1.17 (m, 4H), 0.86 (t, J = 7.0 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 157.1 (d, J = 8.4 Hz), 153.8, 132.5 (d, J = 98.1 Hz), 131.9 (d, J = 2.7 Hz), 131.2 (d, J = 8.8 Hz), 129.3 (d, J = 1.6 Hz), 128.6 (d, J = 11.6 Hz), 123.2, 122.2, 119.7, 110.4, 104.4 (d, J = 8.5 Hz), 31.6, 27.5 (d, J = 1.3 Hz), 27.4 (d, J = 70.5 Hz), 26.5 (d, J = 1.2 Hz), 22.4, 14.0;
31P NMR (162 MHz, CDCl3) δ 28.3;
HRMS (ESI, m/z) calcd. for C26H27O2PNa+: 425.1641, found: 425.1653.

((2-(heptan-3-yl)benzofuran-3-yl)methyl)diphenylphosphine oxide 3m:

White solid, 65% yield; m.p. 161 – 163 oC;
1H NMR (400 MHz, CDCl3) δ 7.80 – 7.68 (m, 4H), 7.53 – 7.45 (m, 2H), 7.45 – 7.36 (m, 4H), 7.35 – 7.29 (m, 2H), 7.13 (ddd, J = 8.4, 7.2, 1.4 Hz, 1H), 7.04 (td, J = 7.6, 1.2 Hz, 1H), 3.66 (d, J = 13.0 Hz, 2H), 2.67 (tt, J = 8.4, 6.0 Hz, 1H), 1.64 – 1.42 (m, 4H), 1.29 – 1.06 (m, 3H), 1.05 – 0.92 (m, 1H), 0.81 (t, J = 7.2 Hz, 3H), 0.73 (t, J = 7.4 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 159.4 (d, J = 8.7 Hz), 153.8, 132.7 (dd, J = 98.1, 3.5 Hz), 131.9 (d, J = 2.8 Hz), 131.2 (d, J = 8.9 Hz), 129.2 (d, J = 1.5 Hz), 128.6 (dd, J = 11.6, 2.9 Hz), 123.1, 122.1, 120.0, 110.5, 105.3 (d, J = 8.1 Hz), 39.1, 33.2, 29.7, 27.4 (d, J = 70.7 Hz), 26.8 (d, J = 1.4 Hz), 22.9, 14.0, 12.0;
31P NMR (162 MHz, CDCl3) δ 28.1;
HRMS (ESI, m/z) calcd. for C28H31O2PNa+: 453.1954, found: 453.1959.

3-((o-tolylthio)methyl)benzofuran 5a:

Yellow oil, 95% yield; 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.62 (m, 1H), 7.53 – 7.38 (m, 2H), 7.33 – 7.24 (m, 3H), 7.20 – 7.07 (m, 3H), 4.16 (d, J = 1.0 Hz, 2H), 2.33 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.8, 138.5, 135.3, 130.2, 129.6, 127.2, 126.5, 124.6, 122.6, 119.9, 116.5, 111.6, 27.4, 20.4;
HRMS (APCI, m/z) calcd. for C16H14OSH+: 255.0838, found: 255.0839.

3-(((2-methoxyphenyl)thio)methyl)benzofuran 5b:

Yellow oil, 97% yield; 
1H NMR (400 MHz, CDCl3) δ 7.69 – 7.61 (m, 1H), 7.45 – 7.39 (m, 2H), 7.30 – 7.16 (m, 4H), 6.87 – 6.80 (m, 2H), 4.16 (d, J = 1.0 Hz, 2H), 3.84 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 158.1, 155.5, 142.8, 131.5, 128.3, 127.3, 124.5, 123.7, 122.6, 121.1, 120.1, 116.8, 111.5, 110.7, 55.8, 26.5;
HRMS (ESI, m/z) calcd. for C16H14O2SNa+: 293.0607, found: 293.0605.

3-(((2-fluorophenyl)thio)methyl)benzofuran 5c:

Yellow oil, 52% yield; 
1H NMR (400 MHz, CDCl3) δ 7.75 – 7.61 (m, 1H), 7.51 – 7.36 (m, 2H), 7.37 – 7.15 (m, 4H), 7.13 – 6.94 (m, 2H), 4.19 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 162.0 (d, J = 245.7 Hz), 155.5, 142.8, 133.7 (d, J = 2.0 Hz), 129.3 (d, J = 7.8 Hz), 127.0, 124.6, 124.4 (d, J = 3.7 Hz), 122.6, 122.2 (d, J = 17.6 Hz), 120.0, 116.4, 115.8 (d, J = 22.5 Hz), 111.6, 27.6 (d, J = 3.2 Hz);
19F NMR (377 MHz, CDCl3) δ -108.8.
HRMS (APCI, m/z) calcd. for C15H11FOSH+: 259.0587, found: 259.0599.

3-(((2-chlorophenyl)thio)methyl)benzofuran 5d:

Yellow oil, 54% yield; 
1H NMR (400 MHz, CDCl3) δ 7.72 – 7.64 (m, 1H), 7.52 – 7.42 (m, 2H), 7.42 – 7.35 (m, 1H), 7.34 – 7.23 (m, 3H), 7.18 – 7.09 (m, 2H), 4.23 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 143.0, 135.0, 134.6, 130.4, 129.8, 127.5, 127.2, 127.1, 124.7, 122.7, 119.9, 115.9, 111.6, 26.8;
HRMS (ESI, m/z) calcd. for C15H11ClOSNa+: 297.0111, found: 297.0052.

3-(((2-bromophenyl)thio)methyl)benzofuran 5e:

White solid, 63% yield; m.p. 81 – 82 oC;
1H NMR (400 MHz, CDCl3) δ 7.72 – 7.64 (m, 1H), 7.55 (dd, J = 8.0, 1.4 Hz, 1H), 7.50 (d, J = 1.2 Hz, 1H), 7.48 – 7.43 (m, 1H), 7.34 – 7.22 (m, 3H), 7.19 (td, J = 7.6, 1.4 Hz, 1H), 7.03 (td, J = 7.6, 1.8 Hz, 1H), 4.22 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 143.1, 137.2, 133.1, 129.9, 127.8, 127.5, 127.1, 124.7, 122.7, 120.0, 116.8, 115.8, 111.6, 27.2;
HRMS (ESI, m/z) calcd. for C15H11BrOSH+: 318.9787, found: 318.9788.

3-((m-tolylthio)methyl)benzofuran 5f:

Yellow oil, 93% yield; 
1H NMR (400 MHz, CDCl3) δ 7.68 – 7.58 (m, 1H), 7.52 – 7.38 (m, 2H), 7.32 – 7.19 (m, 2H), 7.17 – 7.10 (m, 3H), 7.02 – 6.94 (m, 1H), 4.17 (d, J = 1.0 Hz, 2H), 2.28 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.8, 138.8, 135.7, 131.0, 128.8, 127.6, 127.2, 127.2, 124.6, 122.6, 120.0, 116.8, 111.6, 28.2, 21.3;
HRMS (APCI, m/z) calcd. for C16H14OSH+: 255.0838, found: 255.0834.

3-(((3-methoxyphenyl)thio)methyl)benzofuran 5g:

Yellow oil, 95% yield; 
1H NMR (400 MHz, CDCl3) δ 7.66 – 7.61 (m, 1H), 7.45 (dt, J = 8.0, 0.8 Hz, 2H), 7.32 – 7.21 (m, 2H), 7.19 – 7.14 (m, 1H), 6.92 (ddd, J = 7.8, 1.6, 1.0 Hz, 1H), 6.85 (dd, J = 2.6, 1.8 Hz, 1H), 6.73 (ddd, J = 8.2, 2.6, 0.8 Hz, 1H), 4.18 (d, J = 1.0 Hz, 2H), 3.70 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 159.8, 155.5, 142.9, 137.3, 129.8, 127.1, 124.6, 122.7, 122.3, 120.0, 116.7, 115.5, 112.5, 111.6, 55.3, 28.0;
HRMS (APCI, m/z) calcd. for C16H14O2SH+: 271.0787, found: 271.0783.

3-(((3-chlorophenyl)thio)methyl)benzofuran 5h:

Yellow oil, 43% yield; 
1H NMR (400 MHz, CDCl3) δ 7.70 – 7.60 (m, 1H), 7.47 (t, J = 4.0 Hz, 2H), 7.36 – 7.24 (m, 3H), 7.17 (d, J = 1.4 Hz, 3H), 4.20 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.9, 138.1, 134.7, 129.9, 129.4, 127.9, 126.9, 126.7, 124.7, 122.7, 119.9, 116.1, 111.7, 28.0;
HRMS (ESI, m/z) calcd. for C15H11ClOSK+: 312.9851, found: 312.9868.

3-(((4-methoxyphenyl)thio)methyl)benzofuran 5i:

Yellow oil, 64% yield; 
1H NMR (400 MHz, CDCl3) δ 7.67 – 7.60 (m, 1H), 7.45 (dt, J = 8.2, 0.8 Hz, 1H), 7.32 – 7.22 (m, 5H), 6.82 – 6.73 (m, 2H), 4.05 (d, J = 1.0 Hz, 2H), 3.76 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 159.5, 155.5, 142.7, 134.6, 127.1, 125.8, 124.5, 122.6, 120.1, 117.0, 114.5, 111.5, 55.3, 30.3;
HRMS (APCI, m/z) calcd. for C16H14O2SH+: 271.0787, found: 271.0782.

3-(((4-(tert-butyl)phenyl)thio)methyl)benzofuran 5j:

Yellow oil, 67% yield;
1H NMR (400 MHz, CDCl3) δ 7.62 (ddd, J = 7.6, 1.6, 0.8 Hz, 1H), 7.48 – 7.41 (m, 2H), 7.33 – 7.21 (m, 6H), 4.16 (d, J = 1.0 Hz, 2H), 1.29 (s, 9H);
13C NMR (101 MHz, CDCl3) δ 155.5, 150.1, 142.8, 132.3, 130.6, 127.2, 126.0, 124.5, 122.6, 120.0, 117.0, 111.5, 34.5, 31.3, 28.6;
HRMS (APCI, m/z) calcd. for C19H20OSH+: 297.1308, found: 297.1304.

3-(((2,4-dimethylphenyl)thio)methyl)benzofuran 5k:

Yellow oil, 71% yield; 
1H NMR (400 MHz, CDCl3) δ 7.68 – 7.62 (m, 1H), 7.44 (dt, J = 8.2, 0.8 Hz, 1H), 7.36 (d, J = 1.0 Hz, 1H), 7.32 – 7.16 (m, 3H), 7.01 – 6.97 (m, 1H), 6.95 – 6.89 (m, 1H), 4.09 (d, J = 1.0 Hz, 2H), 2.29 (s, 3H), 2.27 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.7, 139.1, 136.9, 131.4, 131.2, 131.2, 131.1, 127.3, 124.5, 122.6, 120.0, 116.8, 111.6, 28.1, 21.0, 20.4;
HRMS (APCI, m/z) calcd. for C17H16OSH+: 269.0995, found: 269.0994.

3-((naphthalen-1-ylthio)methyl)benzofuran 5l:

Yellow oil, 67% yield; 
1H NMR (400 MHz, CDCl3) δ 8.45 – 8.38 (m, 1H), 7.86 – 7.78 (m, 1H), 7.74 (dt, J = 8.4, 1.0 Hz, 1H), 7.68 – 7.61 (m, 1H), 7.54 – 7.46 (m, 3H), 7.46 – 7.39 (m, 1H), 7.36 – 7.18 (m, 4H), 4.20 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.8, 134.0, 133.3, 132.9, 130.3, 128.7, 128.2, 127.2, 126.6, 126.3, 125.6, 125.2, 124.6, 122.6, 120.0, 116.6, 111.6, 28.6;
HRMS (APCI, m/z) calcd. for C19H14OSH+: 291.0838, found: 291.0837.

4-((benzofuran-3-ylmethyl)thio)pyridine 5m:

Yellow solid, 79% yield; m.p. 88 – 89 oC;
1H NMR (400 MHz, CDCl3) δ 8.43 – 8.35 (m, 2H), 7.70 – 7.63 (m, 1H), 7.62 – 7.57 (m, 1H), 7.49 (dt, J = 8.4, 1.0 Hz, 1H), 7.37 – 7.24 (m, 2H), 7.18 – 7.13 (m, 2H), 4.30 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.6, 149.4, 148.5, 143.1, 126.8, 124.9, 122.9, 121.0, 119.7, 115.2, 111.8, 25.0;
HRMS (ESI, m/z) calcd. for C14H11NOSH+: 242.0634, found: 242.0637.

3-(((2-methylfuran-3-yl)thio)methyl)benzofuran 5n:

Yellow oil, 53% yield; 
1H NMR (400 MHz, CDCl3) δ 7.69 – 7.56 (m, 1H), 7.45 (dt, J = 8.4, 0.8 Hz, 1H), 7.36 – 7.16 (m, 4H), 6.23 (d, J = 2.0 Hz, 1H), 3.86 (d, J = 1.0 Hz, 2H), 1.96 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 156.4, 155.5, 142.5, 140.6, 127.1, 124.5, 122.5, 120.0, 117.1, 115.1, 111.5, 109.6, 29.6, 11.4;
HRMS (APCI, m/z) calcd. for C14H12O2SH+: 245.0631, found: 245.0630.

3-((thiophen-2-ylthio)methyl)benzofuran 5o:

Yellow oil, 82% yield; 
1H NMR (400 MHz, CDCl3) δ 7.62 (dd, J = 7.5, 1.5 Hz, 1H), 7.49 – 7.40 (m, 1H), 7.35 – 7.17 (m, 4H), 6.95 – 6.85 (m, 2H), 4.04 (d, J = 0.9 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 143.0, 134.9, 133.4, 130.1, 127.6, 126.9, 124.6, 122.7, 120.0, 116.6, 111.6, 32.8;
HRMS (APCI, m/z) calcd. for C13H10OS2H+: 247.0246, found: 247.0241.

3-((benzylthio)methyl)benzofuran 5p:

Yellow oil, 61% yield;
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.60 (m, 1H), 7.49 – 7.43 (m, 2H), 7.34 – 7.21 (m, 7H), 3.67 (d, J = 1.0 Hz, 2H), 3.64 (s, 2H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.7, 137.9, 129.1, 128.6, 127.2, 127.1, 124.6, 122.6, 120.2, 116.8, 111.6, 35.7, 24.2;
HRMS (APCI, m/z) calcd. for C16H14OSH+: 255.0838, found: 255.0835.

3-(((3-methylbenzyl)thio)methyl)benzofuran 5q:

Yellow oil, 60% yield; 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.59 (m, 1H), 7.47 (dt, J = 9.0, 1.0 Hz, 2H), 7.34 – 7.15 (m, 3H), 7.12 – 7.02 (m, 3H), 3.68 (d, J = 1.0 Hz, 2H), 3.61 (s, 2H), 2.32 (d, J = 0.8 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.7, 138.2, 137.8, 129.8, 128.4, 127.9, 127.3, 126.1, 124.6, 122.6, 120.3, 116.9, 111.6, 35.7, 24.2, 21.4;
HRMS (APCI, m/z) calcd. for C17H16OSH+: 269.0995, found: 269.0993.

3-((phenethylthio)methyl)benzofuran 5r:

Yellow oil, 98% yield; 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.63 (m, 1H), 7.52 – 7.40 (m, 2H), 7.33 – 7.09 (m, 7H), 3.76 (d, J = 1.0 Hz, 2H), 2.84 (dd, J = 9.0, 6.4 Hz, 2H), 2.73 – 2.64 (m, 2H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.5, 140.5, 128.6, 128.6, 127.2, 126.5, 124.6, 122.6, 120.3, 117.1, 111.6, 36.1, 33.0, 25.2;
HRMS (ESI, m/z) calcd. for C17H16OSNa+: 291.0814, found: 291.0807.

3-((allylthio)methyl)benzofuran 5s:

Yellow oil, 96% yield; 
1H NMR (400 MHz, CDCl3) δ 7.75 – 7.65 (m, 1H), 7.51 (d, J = 1.0 Hz, 1H), 7.49 – 7.44 (m, 1H), 7.35 – 7.20 (m, 2H), 5.80 (ddt, J = 17.0, 10.0, 7.2 Hz, 1H), 5.20 – 5.02 (m, 2H), 3.75 (d, J = 1.0 Hz, 2H), 3.08 (dt, J = 7.0, 1.2 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.6, 134.1, 127.2, 124.6, 122.6, 120.2, 117.5, 116.9, 111.6, 34.2, 23.5;
HRMS (APCI, m/z) calcd. for C12H12OSH+: 205.0682, found: 205.0680.

3-((cyclohexylthio)methyl)benzofuran 5t:

Yellow oil, 91% yield; 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.65 (m, 1H), 7.53 (d, J = 1.2 Hz, 1H), 7.46 (dt, J = 8.4, 0.8 Hz, 1H), 7.33 – 7.20 (m, 2H), 3.83 (d, J = 1.0 Hz, 2H), 2.62 (tt, J = 10.6, 3.6 Hz, 1H), 2.02 – 1.90 (m, 2H), 1.75 (ddt, J = 9.8, 7.6, 3.2 Hz, 2H), 1.62 – 1.54 (m, 1H), 1.41 – 1.29 (m, 2H), 1.25 (dddd, J = 9.0, 7.2, 3.2, 1.2 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 153.8, 140.5, 125.5, 122.6, 120.7, 118.4, 115.9, 109.7, 41.4, 31.5, 24.2, 24.0, 21.4;
HRMS (APCI, m/z) calcd. for C15H18OSH+: 247.1151, found: 247.1150.

3-((tert-butylthio)methyl)benzofuran 5u:

Yellow oil, 88% yield; 
1H NMR (400 MHz, CDCl3) δ 7.70 – 7.65 (m, 1H), 7.57 (t, J = 1.0 Hz, 1H), 7.47 – 7.43 (m, 1H), 7.32 – 7.22 (m, 2H), 3.86 (d, J = 1.0 Hz, 2H), 1.40 (s, 9H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.4, 127.5, 124.4, 122.5, 120.0, 117.5, 111.5, 42.8, 30.8, 21.9;
HRMS (APCI, m/z) calcd. for C13H16OSH+: 221.0995, found: 221.0990.

3-((isobutylthio)methyl)benzofuran 5v:

Yellow oil, 80% yield; 
1H NMR (400 MHz, CDCl3) δ 7.72 – 7.64 (m, 1H), 7.53 (d, J = 1.0 Hz, 1H), 7.46 (dt, J = 8.4, 0.8 Hz, 1H), 7.33 – 7.21 (m, 2H), 3.78 (d, J = 1.0 Hz, 2H), 2.35 (d, J = 6.8 Hz, 2H), 1.79 (dp, J = 13.4, 6.8 Hz, 1H), 0.96 (d, J = 6.8 Hz, 6H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.4, 127.3, 124.5, 122.5, 120.2, 117.4, 111.5, 40.9, 28.3, 25.5, 22.1;
HRMS (APCI, m/z) calcd. for C13H16OSH+: 221.0995, found: 221.0987.

3-((propylthio)methyl)benzofuran 5w:

Yellow oil, 73% yield; 
1H NMR (400 MHz, CDCl3) δ 7.73 – 7.65 (m, 1H), 7.57 – 7.51 (m, 1H), 7.50 – 7.43 (m, 1H), 7.33 – 7.23 (m, 2H), 3.80 (d, J = 1.0 Hz, 2H), 2.50 – 2.37 (m, 2H), 1.60 (h, J = 7.4 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 155.6, 142.4, 127.2, 124.5, 122.5, 120.2, 117.3, 111.5, 33.7, 24.9, 22.5, 13.5;
HRMS (APCI, m/z) calcd. for C12H14OSH+: 207.0838, found: 207.0836.

3-((dodecylthio)methyl)benzofuran 5x:

Yellow oil, 98% yield; 
1H NMR (400 MHz, CDCl3) δ 7.53 (dd, J = 7.4, 1.6 Hz, 1H), 7.37 (s, 1H), 7.30 (dd, J = 7.6, 1.2 Hz, 1H), 7.17 – 7.03 (m, 2H), 3.64 (s, 2H), 2.34 – 2.23 (m, 2H), 1.41 (q, J = 7.0 Hz, 2H), 1.13 – 1.03 (m, 18H), 0.72 (t, J = 6.8 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.4, 127.3, 124.5, 122.5, 120.2, 117.3, 111.5, 32.0, 31.7, 29.7, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2, 28.9, 25.0, 22.7, 14.2;
HRMS (APCI, m/z) calcd. for C21H32OSH+: 333.2247, found: 333.2241.

3-((octadecylthio)methyl)benzofuran 5y:

White solid, 98% yield; m.p. 51 – 52 oC;
1H NMR (400 MHz, CDCl3) δ 7.59 – 7.47 (m, 1H), 7.37 (s, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.17 – 7.04 (m, 2H), 3.63 (s, 2H), 2.29 (t, J = 7.4 Hz, 2H), 1.45 – 1.37 (m, 2H), 1.09 (d, J = 7.4 Hz, 30H), 0.72 (t, J = 6.6 Hz, 3H);
13C NMR (101 MHz, CDCl3) δ 155.7, 142.4, 127.3, 124.5, 122.5, 120.2, 117.3, 111.5, 32.0, 31.7, 29.8, 29.8, 29.8, 29.7, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6, 29.4, 29.3, 29.2, 28.9, 25.0, 22.7, 14.2;
HRMS (ESI, m/z) calcd. for C27H44OSH+: 417.3187, found: 417.3192.

N-(benzofuran-3-ylmethyl)aniline 7a:

Yellow oil, 48% yield;
1H NMR (400 MHz, CDCl3) δ 7.59 (dt, J = 7.6, 1.0 Hz, 1H), 7.55 (d, J = 1.2 Hz, 1H), 7.48 (dt, J = 8.2, 0.8 Hz, 1H), 7.30 (ddd, J = 8.4, 7.2, 1.4 Hz, 1H), 7.26 – 7.15 (m, 3H), 6.74 (tt, J = 7.2, 1.0 Hz, 1H), 6.71 – 6.64 (m, 2H), 4.39 (d, J = 1.2 Hz, 2H), 3.87 (s, 1H);
13C NMR (101 MHz, CDCl3) δ 155.6, 148.1, 142.6, 129.4, 127.1, 124.6, 122.7, 119.8, 118.5, 118.0, 113.0, 111.7, 38.7;
HRMS (ESI, m/z) calcd. for C15H13NOH+: 224.1070, found: 224.1059.

N-(benzofuran-3-ylmethyl)-4-methoxyaniline 7b:

Yellow oil, 50% yield; 
1H NMR (400 MHz, CDCl3) δ 7.62 (ddd, J = 7.6, 1.4, 0.6 Hz, 1H), 7.58 (t, J = 1.2 Hz, 1H), 7.49 (dt, J = 8.2, 0.8 Hz, 1H), 7.31 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.25 (td, J = 7.4, 1.0 Hz, 1H), 6.85 – 6.76 (m, 2H), 6.71 – 6.58 (m, 2H), 4.38 (d, J = 1.0 Hz, 2H), 3.75 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.6, 152.5, 142.5, 142.3, 127.1, 124.6, 122.7, 119.9, 118.7, 115.0, 114.4, 111.6, 55.8, 39.6;
HRMS (APCI, m/z) calcd. for C16H15NO2H+: 254.1176, found: 254.1170.

N-(benzofuran-3-ylmethyl)-3-methylaniline 7c:

Yellow oil, 48% yield; 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.56 (m, 2H), 7.49 (dt, J = 8.2, 0.8 Hz, 1H), 7.31 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.28 – 7.22 (m, 1H), 7.09 (td, J = 7.4, 1.2 Hz, 1H), 6.61 – 6.55 (m, 1H), 6.51 (d, J = 7.2 Hz, 2H), 4.41 (d, J = 1.2 Hz, 2H), 3.84 (s, 1H), 2.29 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.6, 148.1, 142.5, 139.2, 129.3, 127.1, 124.6, 122.7, 119.9, 118.9, 118.6, 113.8, 111.7, 110.2, 38.7, 21.7;
HRMS (APCI, m/z) calcd. for C16H15NOH+: 238.1226, found: 238.1220.

N-(benzofuran-3-ylmethyl)-3-(trifluoromethyl)aniline 7d:

Yellow oil, 41% yield; 
1H NMR (400 MHz, CDCl3) δ 7.60 (dt, J = 6.8, 1.0 Hz, 2H), 7.51 (dd, J = 8.0, 1.0 Hz, 1H), 7.33 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.28 – 7.24 (m, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.78 – 6.63 (m, 2H), 6.55 (ddd, J = 8.2, 2.4, 0.8 Hz, 1H), 4.62 – 4.31 (m, 2H), 4.01 (s, 1H);
13C NMR (126 MHz, CDCl3) 155.7, 148.2, 142.7, 131.7 (q, J = 31.8 Hz), 129.8, 126.9, 124.9, 124.4 (q, J = 272.4 Hz), 122.9, 119.8, 117.8, 116.0, 114.4 (q, J = 4.0 Hz), 111.9, 109.2 (q, J = 3.9 Hz), 38.5;
19F NMR (377 MHz, CDCl3) δ -62.8;
HRMS (ESI, m/z) calcd. for C16H12F3NOH+: 292.0944, found: 292.0932.

N-(benzofuran-3-ylmethyl)-3-chloroaniline 7e:

Yellow oil, 43% yield; 
1H NMR (400 MHz, CDCl3) δ 7.60 (dt, J = 7.8, 1.0 Hz, 2H), 7.50 (dt, J = 8.2, 0.8 Hz, 1H), 7.33 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.26 (td, J = 7.4, 1.0 Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.75 – 6.64 (m, 2H), 6.55 (ddd, J = 8.2, 2.2, 0.8 Hz, 1H), 4.41 (d, J = 1.0 Hz, 2H), 4.00 (s, 1H);
13C NMR (101 MHz, CDCl3) δ 155.6, 149.1, 142.6, 135.1, 130.3, 126.9, 124.8, 122.8, 119.7, 117.9, 117.8, 112.6, 111.7, 111.3, 38.5;
HRMS (APCI, m/z) calcd. for C15H12ClNOH+: 258.0680, found: 258.0675.

N-(benzofuran-3-ylmethyl)-2-bromoaniline 7f:

Yellow oil, 29% yield; 
1H NMR (400 MHz, CDCl3) δ 7.67 – 7.61 (m, 1H), 7.61 – 7.59 (m, 1H), 7.50 (dt, J = 8.2, 0.8 Hz, 1H), 7.45 (dd, J = 7.8, 1.4 Hz, 1H), 7.33 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.30 – 7.23 (m, 1H), 7.19 (ddd, J = 8.0, 7.2, 1.4 Hz, 1H), 6.76 (dd, J = 8.0, 1.4 Hz, 1H), 6.61 (td, J = 7.6, 1.4 Hz, 1H), 4.65 (s, 1H), 4.55 – 4.44 (m, 2H);
13C NMR (101 MHz, CDCl3) δ 155.7, 144.7, 142.6, 132.5, 128.6, 126.9, 124.7, 122.8, 119.7, 118.3, 117.9, 111.7, 111.6, 109.9, 38.7;
HRMS (APCI, m/z) calcd. for C15H12BrNOH+: 302.0175, found: 302.0172.

N-(benzofuran-3-ylmethyl)-N-methylaniline 7g:

Yellow oil, 52% yield; 
1H NMR (400 MHz, CDCl3) δ 7.55 – 7.41 (m, 3H), 7.31 – 7.18 (m, 4H), 6.90 – 6.82 (m, 2H), 6.76 (tt, J = 7.2, 1.0 Hz, 1H), 4.58 (d, J = 1.2 Hz, 2H), 2.96 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.7, 149.8, 142.5, 129.3, 127.3, 124.5, 122.6, 120.0, 117.8, 117.3, 113.3, 111.6, 47.5, 38.1;
HRMS (ESI, m/z) calcd. for C16H15NOH +: 238.1226, found: 238.1224.

N-(benzofuran-3-ylmethyl)-2-fluoro-N-methylaniline 7h:

Yellow oil, 40% yield; 
1H NMR (400 MHz, CDCl3) δ 7.58 – 7.53 (m, 1H), 7.50 (d, J = 1.0 Hz, 1H), 7.45 (dt, J = 8.2, 0.8 Hz, 1H), 7.27 (ddd, J = 8.2, 7.2, 1.4 Hz, 1H), 7.19 (td, J = 7.4, 1.0 Hz, 1H), 7.12 – 6.99 (m, 2H), 6.95 – 6.87 (m, 2H), 4.40 (d, J = 1.0 Hz, 2H), 2.77 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.7 (d, J = 244.8 Hz), 155.6, 143.1, 140.0 (d, J = 8.7 Hz), 127.6, 124.4 (d, J = 3.6 Hz), 124.3, 122.6, 121.9 (d, J = 7.9 Hz), 120.5 (d, J = 2.1 Hz), 119.8 (d, J = 3.0 Hz), 117.4, 116.3 (d, J = 21.0 Hz), 111.4, 49.2 (d, J = 6.5 Hz), 39.1;
19F NMR (377 MHz, CDCl3) δ -121.8;
HRMS (ESI, m/z) calcd. for C16H14FNONa+: 278.0952, found: 278.0947.


N-(benzofuran-3-ylmethyl)-2-chloro-N-methylaniline 7i:

Yellow oil, 47% yield; 
1H NMR (400 MHz, CDCl3) δ 7.60 – 7.50 (m, 2H), 7.49 – 7.38 (m, 2H), 7.27 (ddd, J = 8.6, 7.4, 1.4 Hz, 1H), 7.21 – 7.12 (m, 2H), 7.06 – 6.95 (m, 2H), 4.35 (d, J = 1.0 Hz, 2H), 2.74 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.5, 149.5, 143.3, 130.8, 129.2, 127.7, 127.4, 124.3, 123.9, 122.5, 121.8, 120.7, 117.2, 111.3, 49.6, 40.4;
HRMS (ESI, m/z) calcd. for C16H14ClNONa+: 272.0837, found: 272.0830.

N-(benzofuran-3-ylmethyl)-2-bromo-N-methylaniline 7j:

Yellow oil, 41% yield; 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.53 (m, 3H), 7.45 (dt, J = 8.2, 0.8 Hz, 1H), 7.30 – 7.15 (m, 3H), 7.06 (dd, J = 8.0, 1.6 Hz, 1H), 6.93 (ddd, J = 7.8, 7.2, 1.6 Hz, 1H), 4.33 (d, J = 1.0 Hz, 2H), 2.74 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.5, 150.9, 143.4, 134.0, 128.1, 127.7, 124.6, 124.3, 122.5, 122.3, 120.7, 120.3, 117.1, 111.3, 50.0, 40.9;
HRMS (ESI, m/z) calcd. for C16H14BrNOH+: 316.0332, found: 316.0323.

N-(benzofuran-3-ylmethyl)-N-methylnaphthalen-1-amine 7k:

Yellow oil, 48% yield; 
1H NMR (400 MHz, CDCl3) δ 8.36 (dddd, J = 8.0, 4.2, 3.0, 1.6 Hz, 1H), 7.90 – 7.77 (m, 1H), 7.61 – 7.53 (m, 2H), 7.52 – 7.44 (m, 4H), 7.38 (dd, J = 8.2, 7.4 Hz, 1H), 7.31 – 7.22 (m, 1H), 7.17 (td, J = 7.4, 1.0 Hz, 1H), 7.11 (dd, J = 7.4, 1.0 Hz, 1H), 4.41 (d, J = 1.0 Hz, 2H), 2.84 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 155.6, 150.0, 143.1, 134.9, 129.4, 128.5, 127.8, 125.9, 125.8, 125.5, 124.3, 123.9, 123.5, 122.5, 120.4, 117.8, 115.8, 111.5, 51.1, 42.1;
HRMS (ESI, m/z) calcd. for C20H17NOH+: 288.1383, found: 288.1384.

N-(benzofuran-3-ylmethyl)-N-phenylaniline 7l:

Yellow oil, 20% yield; 
1H NMR (400 MHz, CDCl3) δ 7.53 – 7.41 (m, 3H), 7.31 – 7.19 (m, 6H), 7.14 – 7.05 (m, 4H), 6.95 (tt, J = 7.2, 1.2 Hz, 2H), 5.05 (d, J = 1.4 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 147.8, 142.8, 129.3, 124.4, 122.5, 121.7, 120.9, 119.6, 118.0, 117.8, 111.6, 47.4;
HRMS (ESI, m/z) calcd. for C21H17NONa+: 322.1202, found: 322.1191.

(benzofuran-3-ylmethyl)diphenylphosphane-borane complex 8:

White solid, 81% yield; m.p. 84 – 86 oC;
1H NMR (400 MHz, CDCl3) δ 7.74 – 7.60 (m, 4H), 7.52 – 7.45 (m, 2H), 7.44 – 7.35 (m, 5H), 7.27 – 7.18 (m, 4H), 7.10 (td, J = 7.2, 0.8 Hz, 1H), 3.64 (d, J = 11.2 Hz, 2H), 1.27 – 0.52 (m, 3H);
13C NMR (101 MHz, CDCl3) δ 154.7, 143.6 (d, J = 7.0 Hz), 132.6 (d, J = 8.9 Hz), 131.5 (d, J = 2.5 Hz), 128.9 (d, J = 9.9 Hz), 128.7 (d, J = 54.0 Hz), 127.9 (d, J = 3.6 Hz), 124.3, 122.5, 119.7, 111.4, 111.2 (d, J = 4.4 Hz), 22.3 (d, J = 35.7 Hz);
31P NMR (162 MHz, CDCl3) δ 17.4；
HRMS (ESI, m/z) calcd. for C21H20BOPNa+: 353.1237, found: 353.1234.

3-((phenylthio)methyl)benzofuran 12:

Yellow oil, 94% yield;
1H NMR (400 MHz, CDCl3) δ 7.69 – 7.60 (m, 1H), 7.48 – 7.40 (m, 2H), 7.35 – 7.23 (m, 6H), 7.22 – 7.17 (m, 1H), 4.18 (d, J = 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.5, 142.8, 135.9, 130.8, 130.4, 129.0, 126.8, 124.6, 122.7, 120.0, 116.7, 111.6, 28.3;
HRMS (APCI, m/z) calcd. for C15H12OSH+: 241.0682, found: 241.0696.

(benzofuran-3-ylmethyl)diphenylphosphine sulfide 13:

White solid, 99% yield; m.p. 93 – 95 oC;
1H NMR (400 MHz, CDCl3) δ 7.91 – 7.76 (m, 4H), 7.51 – 7.45 (m, 3H), 7.44 – 7.34 (m, 5H), 7.20 (td, J = 8.4, 1.6 Hz, 2H), 7.10 – 7.03 (m, 1H), 3.91 (dd, J = 13.2, 1.0 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 154.7, 143.9 (d, J = 8.0 Hz), 132.3 (d, J = 80.2 Hz), 131.8 (d, J = 2.9 Hz), 131.5 (d, J = 9.7 Hz), 128.7 (d, J = 11.8 Hz), 128.0 (d, J = 4.4 Hz), 124.3, 122.4, 119.5, 111.4, 110.2 (d, J = 7.4 Hz), 30.0 (d, J = 54.7 Hz);
31P NMR (162 MHz, CDCl3) δ 41.0;
HRMS (ESI, m/z) calcd. for C21H17OPSNa+: 371.0630, found: 371.0627.

3-((diphenylphosphoryl)methyl)benzofuran-2-carbaldehyde 14:

White solid, 60% yield; m.p. 210 – 212 oC;
1H NMR (400 MHz, CDCl3) δ 9.75 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.81 – 7.74 (m, 4H), 7.54 – 7.46 (m, 4H), 7.46 – 7.40 (m, 4H), 7.33 – 7.28 (m, 1H), 4.24 (d, J = 14.2 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 181.5, 155.3, 148.5 (d, J = 7.4 Hz), 132.2 (d, J = 2.7 Hz), 132.1, 131.1, 131.1 (d, J = 9.4 Hz), 129.3, 128.6 (d, J = 11.7 Hz), 128.1 (d, J = 2.4 Hz), 124.0 (d, J = 6.9 Hz), 121.6 (d, J = 9.1 Hz), 112.1, 27.8 (d, J = 65.4 Hz);
31P NMR (162 MHz, CDCl3) δ 29.1;
HRMS (ESI, m/z) calcd. for C22H17O3PNa+: 383.0808, found: 383.0808.

((2-(perfluorobutyl)benzofuran-3-yl)methyl)diphenylphosphine oxide 15:

White solid, 74% yield; m.p. 165 – 166 oC;
1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 7.8 Hz, 1H), 7.74 – 7.66 (m, 4H), 7.57 – 7.51 (m, 2H), 7.49 – 7.40 (m, 6H), 7.32 – 7.27 (m, 1H), 3.90 (d, J = 13.8 Hz, 2H).;
13C NMR (101 MHz, CDCl3) δ 154.8, 138.6 – 137.5 (m), 132.2 (d, J = 2.9 Hz), 132.1, 131.1 (d, J = 9.3 Hz), 128.6 (d, J = 11.7 Hz), 127.5, 127.4, 123.8, 123.4, 117.0 (d, J = 9.0 Hz), 111.5, 27.9 (d, J = 66.7 Hz);
19F NMR (377 MHz, CDCl3) δ -80.9 (t, J = 9.7 Hz), -110.5 – -110.5 (m), -123.1 (q, J = 9.5 Hz), -126.2 (td, J = 12.3, 5.1 Hz);
31P NMR (162 MHz, CDCl3) δ 28.1;
HRMS (ESI, m/z) calcd. for C25H16F9O2PH+: 551.0817, found: 551.0809.

((2-bromobenzofuran-3-yl)methyl)diphenylphosphine oxide 16:

Colorless solid, 95% yield; m.p. 146 – 148 oC;
1H NMR (400 MHz, CDCl3) δ 7.81 – 7.70 (m, 4H), 7.68 – 7.60 (m, 1H), 7.57 – 7.49 (m, 2H), 7.48 – 7.41 (m, 4H), 7.38 – 7.31 (m, 1H), 7.25 – 7.14 (m, 2H), 3.67 (d, J = 12.8 Hz, 2H);
13C NMR (101 MHz, CDCl3) δ 155.2, 132.1 (d, J = 2.5 Hz), 132.0 (d, J = 99.5 Hz), 131.1 (d, J = 9.4 Hz), 128.7 (d, J = 11.7 Hz), 128.5, 128.25 (d, J = 1.9 Hz), 123.4, 120.9, 111.2, 111.1, 110.6, 28.5 (d, J = 69.6 Hz);
31P NMR (162 MHz, CDCl3) δ 28.6;
HRMS (ESI, m/z) calcd. for C21H16BrO2PH+: 411.0144, found: 411.0135.

diphenyl((2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzofuran-3-yl)methyl)phosphine oxide 17:

White oil, 62% yield;
1H NMR (400 MHz, CDCl3) δ 7.70 (dd, J = 7.6, 1.2 Hz, 1H), 7.58 – 7.50 (m, 4H), 7.49 – 7.42 (m, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.37 – 7.27 (m, 5H), 7.26 – 7.10 (m, 5H), 3.77 (dd, J = 13.2, 1.2 Hz, 2H), 1.96 (s, 3H)；
13C NMR (101 MHz, CDCl3) δ 154.2, 154.1 (d, J = 9.0 Hz), 138.9, 132.7, 131.8 (d, J = 3.0 Hz), 131.0 (d, J = 9.4 Hz), 130.1 (d, J = 133.0 Hz), 130.4, 129.5 (d, J = 2.2 Hz), 129.1, 128.6 (d, J = 11.6 Hz), 125.7, 124.4, 122.7, 121.6, 110.8, 107.6 (d, J = 8.7 Hz), 27.4 (d, J = 70.3 Hz), 20.0;
31P NMR (162 MHz, CDCl3) δ 30.1;
HRMS (ESI, m/z) calcd. for C28H22O2PH+: 423.1508, found: 423.1504.

methyl (E)-3-(3-((diphenylphosphoryl)methyl)benzofuran-2-yl)acrylate 18:

White solid, 63% yield; m.p. 208 – 210 oC;
1H NMR (400 MHz, CDCl3) δ 7.79 – 7.68 (m, 4H), 7.57 – 7.48 (m, 3H), 7.47 – 7.40 (m, 4H), 7.38 (d, J = 8.2 Hz, 1H), 7.32 (dd, J = 7.2, 1.2 Hz, 1H), 7.22 – 7.12 (m, 2H), 6.39 (dd, J = 15.4, 1.2 Hz, 1H), 3.80 (d, J = 14.8 Hz, 2H), 3.80 (s, 3H);
13C NMR (101 MHz, CDCl3) δ 167.0, 154.7, 149.6 (d, J = 8.0 Hz), 132.2 (d, J = 2.0 Hz), 131.1 (d, J = 9.1 Hz), 129.0 (dd, J = 140.0, 1.7 Hz), 128.7 (d, J = 11.7 Hz), 128.6, 128.6, 126.8, 123.2, 121.5, 117.8 (d, J = 1.8 Hz), 114.9 (d, J = 9.5 Hz), 111.1, 51.7, 27.9 (d, J = 67.9 Hz);
31P NMR (162 MHz, CDCl3) δ 27.9;
HRMS (ESI, m/z) calcd. for C25H20O4PNa+: 439.1070, found: 439.1071.



Ⅷ. 1H NMR, 13C NMR, 19F NMR and 31P NMR Spectra
Figure. S3. 1H and 13C NMR spectra of 1b.






[bookmark: _Hlk110786096]Figure. S4. 1H and 13C NMR spectra of 1j.






Figure. S5. 1H and 13C NMR spectra of 1l.





Figure. S6. 1H and 13C NMR spectra of 1m.





Figure. S7. 1H, 13C and 31P NMR spectra of 3a.








Figure. S8. 1H, 13C and 31P NMR spectra of 3b.








Figure. S9. 1H, 13C, 19F and 31P NMR spectra of 3c.










Figure. S10. 1H, 13C and 31P NMR spectra of 3d.








Figure. S11. 1H, 13C, 19F and 31P NMR spectra of 3e.











Figure. S12. 1H, 13C and 31P NMR spectra of 3f.








Figure. S13. 1H, 13C and 31P NMR spectra of 3g.








Figure. S14. 1H, 13C and 31P NMR spectra of 3h.








Figure. S15. 1H, 13C and 31P NMR spectra of 3i.








Figure. S16. 1H, 13C and 31P NMR spectra of 3j.








Figure. S17. 1H, 13C and 31P NMR spectra of 3k.







Figure. S18. 1H, 13C and 31P NMR spectra of 3l.







Figure. S19. 1H, 13C and 31P NMR spectra of 3m.







Figure. S20. 1H and 13C NMR spectra of 5a.

 




Figure. S21. 1H and 13C NMR spectra of 5b.






Figure. S22. 1H, 13C and 19F NMR spectra of 5c.








Figure. S23. 1H and 13C NMR spectra of 5d.






Figure. S24. 1H and 13C NMR spectra of 5e.






Figure. S25. 1H and 13C NMR spectra of 5f.





Figure. S26. 1H and 13C NMR spectra of 5g.






Figure. S27. 1H and 13C NMR spectra of 5h.





Figure. S28. 1H and 13C NMR spectra of 5i.






Figure. S29. 1H and 13C NMR spectra of 5j.






Figure. S30. 1H and 13C NMR spectra of 5k.





Figure. S31. 1H and 13C NMR spectra of 5l.






Figure. S32. 1H and 13C NMR spectra of 5m.






Figure. S33. 1H and 13C NMR spectra of 5n.






Figure. S34. 1H and 13C NMR spectra of 5o.






Figure. S35. 1H and 13C NMR spectra of 5p.






Figure. S36. 1H and 13C NMR spectra of 5q.


 


Figure. S37. 1H and 13C NMR spectra of 5r.






Figure. S38. 1H and 13C NMR spectra of 5s.






Figure. S39. 1H and 13C NMR spectra of 5t.






Figure. S40. 1H and 13C NMR spectra of 5u.






Figure. S41. 1H and 13C NMR spectra of 5v.






Figure. S42. 1H and 13C NMR spectra of 5w.






Figure. S43. 1H and 13C NMR spectra of 5x.






Figure. S44. 1H and 13C NMR spectra of 5y.






Figure. S45. 1H and 13C NMR spectra of 7a.





Figure. S46. 1H and 13C NMR spectra of 7b.






Figure. S47. 1H and 13C NMR spectra of 7c.





Figure. S48. 1H, 13C and 19F NMR spectra of 7d.







Figure. S49. 1H and 13C NMR spectra of 7e.





Figure. S50. 1H and 13C NMR spectra of 7f.






Figure. S51. 1H and 13C NMR spectra of 7g.





Figure. S52. 1H, 13C and 19F NMR spectra of 7h.








Figure. S53. 1H and 13C NMR spectra of 7i.





Figure. S54. 1H and 13C NMR spectra of 7j.






Figure. S55. 1H and 13C NMR spectra of 7k.





Figure. S56. 1H and 13C NMR spectra of 7l.






Figure. S57. 1H, 13C and 31P NMR spectra of 8.








Figure. S58. 1H, and 13C NMR spectra of 12.







Figure. S59. 1H, 13C, 19F and 31P NMR spectra of 13.








Figure. S60. 1H, 13C, 19F and 31P NMR spectra of 14.








Figure. S61. 1H, 13C, 19F and 31P NMR spectra of 15.






 


Figure. S62. 1H, 13C, 19F and 31P NMR spectra of 16.








Figure. S63. 1H, 13C, 19F and 31P NMR spectra of 17.








Figure. S64. 1H, 13C, 19F and 31P NMR spectra of 18.
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