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1. General Information

Unless otherwise noted, materials were purchased from commercial suppliers and used without further purification. All
reactions were carried out in sealed tubes filled with argon. All reactions were monitored by Thin Layer Chromatography
(TLC) and visualized using UV light. Products were purified by column chromatography by 200-300 mesh silica. NMR
spectra ('H, 3C, 3'P, "B, '°F) were recorded on 400 or 600 MHz spectrophotometers. Chemical shifts (8) are reported in ppm
from the resonance of the residual solvent peak or tetramethylsilane (TMS) as the internal standard. '"H NMR data are reported
as follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet), coupling
constants (Hz) and integration. Data for 3C, 3'P, !'B and '’F NMR are reported in terms of chemical shifts and multiplicity
where appropriate. The high resolution mass spectra (HRMS) were measured on a Thermo-Fisher Scientific Q Exactive
MS/MS System ESI spectrometer. X-ray diffraction data was collected on an Oxford Diffraction Xcalibur CCD (X-ray single-
crystal diffractometer).
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2. Optimization of Reaction Conditions
Table S1. Screening of the solvents ?

ph. 9 9 THO (0.6 mmol)  Phy(O)R  P(O)Ph,
ppPH v Ph=—RPh e =
Ph PH H
s2a, 0.4 mmol s3a, 0.2 mmol 6a
Entry Solvent Yield (%)°
1 DCM 56
2 CH;CN 60
3 toluene 62
4 DMSO NR.
5 DMAC NR.
6 DCE 67
7 THF N.D.
8 PhCF, 64
9 CHCl, 75

“Reaction conditions: s2a (0.4 mmol, 2.0 equiv), s3a (0.2 mmol, 1.0 equiv) and Tf,0 (0.6 mmol,
3.0 equiv) in Solvent (2.0 mL) at 60 °C under Ar for 3 h.’Isolated yelid.

Table S2. Screening of loading of T,0 *

O
Ph \9 Ph—— l\:\ Ph Tf,0 (x equiv) Ph,(O)R P(O)Ph,
_ — p_ S i _
pryPH 7 ‘ CHCls, 60 °C >—<
Ph PH H
s2a, 0.4 mmol s3a, 0.2 mmol 6a
Entry Tf,0 (x equiv) Yield (%)°
1 2.0 53
2 3.0 75
3 4.0 79

“Reaction conditions: s2a (0.4 mmol, 2.0 equiv), s3a (0.2 mmol, 1.0 equiv) and Tf,0 (x equiv) in
Solvent (2.0 mL) at 60 °C under Ar for 3 h.’Isolated yelid.

Table S3. Screening of the mixed solvents *

0O
ph. _ TEO (0.8 mmol)  Phy(O)R  P(O)Phsy
P—H + Ph——"P-Ph —F———— —
Ph” I Solvent, 60 °C
Ph PR H
s2a, 0.4 mmol s3a, 0.2 mmol 6a
Entry Solvent Yield (%)°
1 CHCl5:CH;CN (1:1) 71
2 CHCl5:CH;CN (3:1) 84
3 CHCl3:CH;CN (10:1) 89

“Reaction conditions: s2a (0.4 mmol, 2.0 equiv), s3a (0.2 mmol, 1.0 equiv) and Tf,0 (0.8 mmol,
4.0 equiv) in Solvent (2.0 mL) at 60 °C under Ar for 3 h.’Isolated yelid.

S4



3. Mechanism experiments

3.1 Control experiments with (3-methoxyprop-1-yn-1-yl)benzene
Ph P(O)Ph, Ph H

(0]
Ph.n Standard condition ‘ ‘
Sp— + = OMe _
phet " Ph/ ;H B (\[P(O)th
OMe OMe
s2a 9a 9b

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8 mg, 0.4 mmol, 2.0 equiv), (3-
methoxyprop-1-yn-1-yl)benzene (29.2 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three
times) and then CHCl;3 (2.0 mL) and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred
until it became a homogeneous solution. TH,0 (133 ul, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting
mixture was stirred for 3 h at 60 °C. After cooled to ambient temperature, sat. NaHCO3 aq (5.0 mL) was added and the
resulting mixture was extracted with DCM (3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSO4
and volatiles were removed under reduced pressure. The residue was purified by flash column chromatography on silica gel
to give the products 9a and 9b. The corresponding mixed products 9a and 9b was isolated, which indicated that the reaction

proceeded through a three-membered phosphirenium cation process previously reported by Masahiro Miura group.*°

OMe\ o}
H H H P(O)Ph,
| | H Ho

| 2(0)P” “Ph Ph™ "H

H’M Coe | ”

Ik |
ol ola o
S| ‘9[9' &
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3 8 7 6 s 4 a 2 1 0 ppm

Figure S1. '"H NMR Spectra of 9a and 9b
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3.2 Control experiment using H.O or D,O
3.2.1 Control experiment using H.O

Cy~ 0y _Cy

Q 9 R P
gyjl‘:"fH v pPh—— I%*Cy stan?a,\:d li:i(énoditions cy" \_/ S0
sat. Na a > (
Y Cy 249 PH H
s2q s3ac 7m, 93%

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2q (85.6 mg, 0.4 mmol, 2.0 equiv), s3ac
(62.8 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CHCl; (2.0 mL)
and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. Tf,0 (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 3 h at 60 °C.
After cooled to ambient temperature, sat. NaHCOs aq (5.0 mL) was added and the resulting mixture was extracted with DCM
(3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSOj4 and volatiles were removed under reduced

pressure. The residue was purified by flash column chromatography on silica gel to give the desired product.

i SRS\ | A ——

Cy\P//o Cy'\:,/Cy
cy” >7< ~o
Ph  H

7m
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Figure S2. '"H NMR Spectra of 7m (quenched with H,O)

3.2.2 Control experiment using D.O

0 0 cy- P 9 cy
gyzl‘:‘,_H + pPh— I‘r_“,_Cy star;\jj:rgocongitigns Cy/P: - :P\\o
y Cy Zere e PH  H/D
s2q s3ac 7m, 93%, H:D = 1:0

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2q (85.6 mg, 0.4 mmol, 2.0 equiv), s3ac
(62.8 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CHCI3 (2.0 mL)
and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. TH,0 (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 3 h at 60 °C.
After cooled to ambient temperature, DO (1.0 mL) was added to the mixture and stirred for additional 30 min at room
temperature. Na,CO3 was added and the resulting mixture was extracted with DCM (3 x 10.0 mL). The organic layer was
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dried over MgSO4 and volatiles were removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel to give the desired product. The corresponding products 7m (0% D) was isolated, which

indicated that the hydrogen didn’t come from outside water.

quenched with D,O and Na,CO3

08
0.96
09

Figure S3. 'H NMR Spectra of 7m (quenched with D,0)

3.2.3 Control experiment using H2'O

18,
ph. 2 S Ph

O
Ph;ﬁiH 4+ ph—— I‘f"fPh standard condi:i;;ns Ph/P: o P\Ph
Ph Ph N32003, H2 (6] PH H
s2a s3a 6a

HRMS:[C3,H»70"°OP,J" Found:507.1523

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8 mg, 0.4 mmol, 2.0 equiv), s3a
(60.4 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CHCI3 (2.0 mL)
and CH3;CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. TH,0 (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 3 h at 60 °C.
After cooled to ambient temperature, H>'*0 (0.1 mL) was added to the mixture and stirred for additional 30 min at room
temperature. Then sat. NaHCO3 aq (5.0 mL) was added and the resulting mixture was extracted with DCM (3 x 10.0 mL).
The organic layer was dried over MgSOj4 and volatiles were removed under reduced pressure. The residue was purified by
flash column chromatography on silica gel to give the desired product. The corresponding products 6a (HRMS:
[C32H270'80P,]", caled:507.1523, Found 507.1525, labelled with single 8O) was isolated, which indicated that one of the

oxygens did come from outside water.
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3.3 Control experiment using Ph.P(O)H or Ph,P(O)D
3.3.1 Control experiment using Ph.P(O)H

pho S Y cy

Ph (\)\ — % standard conditions ~R P
SP—H + Ph—=—P-Cy Ph™ N—( "0
Ph” I sat. NaHCO3; aq
Cy Ph H
s2a s3ah 8b, 83%

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8 mg, 0.4 mmol, 2.0 equiv), s3ah
(66.0 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CHCl; (2.0 mL)
and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. Tf,0 (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 3 h at 60 °C.
After cooled to ambient temperature, sat. NaHCOs aq (5.0 mL) was added and the resulting mixture was extracted with DCM
(3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSOj4 and volatiles were removed under reduced
pressure. The residue was purified by flash column chromatography on silica gel to give the desired product.

(0]
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Figure S4. 'H NMR Spectra of 8b (using Ph,P(O)H)
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3.3.2 Control experiment using Ph.P(O)D

o s P S &Y cy
Ph i

:IL‘LH/D + Ph—=——P-Cy standard conditions Ph/Pjiip\\o
Ph H/D

Ph T éy sat. NaHCOj3 aq

s2a with 80% D s3ah 8b, 65%, 88% D

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8 mg, 0.4 mmol, 2.0 equiv), s3ah
(66.0 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CHCl; (2.0 mL)
and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. Tf,0 (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 3 h at 60 °C.
After cooled to ambient temperature, sat. NaHCOs aq (5.0 mL) was added and the resulting mixture was extracted with DCM
(3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSOj4 and volatiles were removed under reduced
pressure. The residue was purified by flash column chromatography on silica gel to give the desired product. The
corresponding products 8b (H/D = 12/88) was isolated, which indicated that the hydrogen did come from secondary phosphine
oxide (s2a).

0
S Cy Ph_Ti
Ph.y -P:Cy pro P /D
Ph” >7< ~o
PH H H/D = 20/80
8b
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[

Figure S5. 'H NMR Spectra of 8b (using Ph,P(O)D)
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3.4 Insitu 3P NMR and *H NMR spectra
3.4.1 In situ 3'P NMR spectra

Ph IPh
H | -
ph. S — (wP)w o T£,0 (0.8 mmol) R _oTf
CP-H  + = P- — :
CDCl5:CD;CN (10:1 /
Ph Ph 3 3 ( ) Ph /p\ -OTf
Ph Ph
s2a, 0.4 mmol s3a, 0.2 mmol \"/

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8mg, 0.4 mmol, 2.0 equiv), s3a
(60.4 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CDCls (2.0 mL)
and CD3CN (0.2 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. Tf.O (133 uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. After 2.5 h at 60 °C, ca. 0.5 mL of this mixture
was transferred to a NMR tube by a syringe. The resulting solution was monitored by 3P NMR (Figure S6). It showed three
singlet signals (6 89.0, 88.0 and 43.2) when the reaction was over. The third peak (6 43.2) is corresponding to Ph,P(O)CI that
previously reported by Masahiro Miura group.*® We speculated that the first two peaks belong to V according to the published

paper.*

Ph_ Ph
H R ot
I+,o 60°C.2.5h
ph” R TQTf
PH Ph
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Figure S6. In situ 3'P NMR spectra
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3.4.2 In situ *H NMR spectra

H :
P8 % T£,0 (0.8 mmol) R _-OTf
PIP-H 4 Phm=—P-oy B
Cy CDCly pr” R -OTf
H Ph
s2a, 0.4 mmol s3ah, 0.2 mmol Vi

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with s2a (80.8mg, 0.4 mmol, 2.0 equiv), s3ah
(66.0 mg, 0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times) and then CDCls (2.0 mL)
was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous solution. Tf.O (133
uL, 0.8 mmol, 4.0 equiv) was then added by a syringe. After 3.0 h at 60 °C, ca. 0.5 mL of this mixture was transferred to a
NMR tube by a syringe. The resulting solution was monitored by *H NMR (Figure S7). It showed one doublet of doublets at

6 8.78. This indicated that the hydrogen atom is added to the intermediate before quenching.
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Figure S7. In situ 'H NMR spectra
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4. General procedure for the synthesis of secondary phosphine oxides
Diaryl secondary phosphine oxides (s2b — s2r, s2v and s2x) were synthesized according to the published procedure.* Phenyl
- alkyl secondary phosphine oxides (s2s — s2u and s2w) were synthesized according to reference the published procedure.*

U U i
%Ij“ﬁs b RO

Table $4. Substrates of secondary phosphine oxides
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5. General procedure for the synthes1s of alkynylphosphlne 0x1des

The alkynylphosphine oxides (s3a — s30 and s3t) were synthesized according to the following procedure (GP1).*” The
alkynylphosphine oxides (s3p — s3s and s3ac) were synthesized according to the published procedure.*® The
alkynylphosphine oxides (s3u — s3ab and s3ad) were synthesized according to the following procedure (GP2).*

Table S5. Substrates of alkynylphosphine oxides

O)Ph, P(O)Ph, *
s3a s3b s3c s3d s3e s3f s3g s3h
P(O)C
P(O)Ph,  P(O)Ph, P(O)Ph, P(0)Cys (O)Cy2  P(O)Cy,
— _rom . 9 I o
=z | | =—P—Ph :—lID—Cy | | | |
X Ph Cy
| =N t-Bu
Cl OMe
s3k s31 s3m s3n s3o0 s3p s3q s3r s3s s3t
g 7 g g g
Ph—= POMe Ph—=——-="F OMe Ph———FP t-Bu Ph—=———"P F  Ph—== POOCF3
Me OMe t-Bu F OCF;3
s3u s3v s3w s3x s3y

s3z s3aa s3ab s3ac s3ad
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General Procedure 1 (GP1)

Cul (0.1 equiv) 30 % H,0, R = TMS

= ——R ————————> = N7V e —

PPh,CI + R Et;N, toluene PhaP R THF, rt, 5 h Phy(O)P: R TBAF Phy,(O)P——=
Ar, 80°C,24 h s3a - s3n and s3t s30

To a flask were added Cul (0.5 mmol, 0.1 equiv), PhoPCI (5.0 mmol, 1.0 equiv), alkyne (6.0 mmol, 1.2 equiv), triethylamine
(10.0 mmol, 2.0 equiv) and toluene (15.0 mL), and the mixture was stirred under Ar at 80 °C for 24 h. After workup with
AcOEt/water, the organic layer was washed with aqueous NH4Cl and brine, and dried over MgSOs. After filtration, the
volatiles were removed under reduced pressure. The crude product was used for next step without purification. To the crude
product were added THF (20.0 mL) and then 30% H>O, (1.0 mL) at 0 °C, and the mixture was stirred under air at r.t. for 5 h.
After workup with CH,Clo/water, the organic layer was washed with brine, and dried over MgSOas. After filtration, the volatiles
were removed under reduced pressure. For s30 the crude product was used for next step without purification. To the crude
product were added water (0.25 mL) and THF (30.0 mL), and then TBAF (1.0 M in THF, 0.5 mL, 0.5 mmol) at 0 °C, and the
mixture was stirred under air at r.t. for 5 h. After the volatiles were removed under reduced pressure, the residue was purified
by flash column chromatography on silica gel to afford corresponding alkynylphosphine oxides (65% - 80% overall yield).
General Procedure 2 (GP2)

Pd(OAc), (5 mol %)

o
1l AgBF, (2.0 equiv) 1
— . PH — s A = p-
Ph—= A e THF, Ar, 60°C, 3 h Ph AT

Ar
s3u —s3ab and s3ad

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with secondary phosphine oxide (1.0 mmol,
1.0 equiv), phenylacetylene (1.0 mmol, 1.0 equiv), Pd(OAc): (5 mol %), AgBF4 (2.0 mmol, 2.0 equiv) and THF (3.0 mL).
The mixture was stirred under Ar at 60 °C for 3 h. Then Et;N (5.0 mL) was added. After the volatiles were removed under
reduced pressure, the residue was purified by flash column chromatography on silica gel to afford corresponding
alkynylphosphine oxides (20% - 79% yield).

6. General procedure for the synthesis of alkynylphosphine sulfides

The alkynylphosphine sulfides (s3ae, s3ag and s3ai) were synthesized according to the following procedure (GP3). The
alkynylphosphine sulfides (s3af, s3ah and s3aj) were synthesized according to the following procedure (GP4).

Table S6. Substrates of alkynylphosphine sulfides

O =0 =0 =10 =10 o
IO <IN s

O

s3ae s3af s3ag s3ah s3ai s3aj

General Procedure 3 (GP3)

Cul (1.0 equiv) Sg (1.1 equiv) R =TMS

= —_— — — —
PPh,Cl + =—R Et;N, toluene PhP——R THF, rt, 5 h Phy(S)P—R T’ Phy(S)P—=
Ar, 80°C,24 h s3ag and s3ai s3ae

To a flask were added Cul (0.5 mmol, 0.1 equiv), PhPCl (5.0 mmol, 1.0 equiv), alkyne (6.0 mmol, 1.2 equiv), triethylamine
(10.0 mmol, 2.0 equiv) and toluene (15.0 mL), and the mixture was stirred under Ar at 80 °C for 24 h. After workup with
AcOEt/water, the organic layer was washed with aqueous NH4Cl and brine, and dried over MgSOj. After filtration, the
volatiles were removed under reduced pressure. The crude product was used for next step without purification. To the crude
product were added THF (20.0 mL) and then Sg (5.5 mmol, 1.1 equiv) at 0 °C, and the mixture was stirred under Ar at r.t. for
5 h. After workup with CH,Clo/water, the organic layer was washed with brine, and dried over MgSOs. After filtration, the
volatiles were removed under reduced pressure. For s3ae, the crude product was used for next step without purification. To
the crude product were added water (0.25 mL) and THF (30.0 mL), and then TBAF (1.0 M in THF, 0.5 mL, 0.5 mmol) at
0 °C, and the mixture was stirred under air at r.t. for 5 h. After the volatiles were removed under reduced pressure, the residue
was purified by flash column chromatography on silica gel to afford corresponding alkynylphosphine sulfides (65% - 80%
overall yield).
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General Procedure 4 (GP4)

S S
h— lc,:;' n-BuLi (1.05 equiv) Sg(llequiv)  R—== P—Cy R=TMs :—'F}—cy
= " oyPey THE, Ar, 78 °C THF, Ar, 0 °C - r.t. (':y TBAF > Cy
s3ah and s3aj s3af

To a flask was added THF (40.0 mL) and alkyne (8.8 mmol, 1.05 equiv), cooled to -78 °C and n-BuLi (8.8 mmol, 1.05 equiv)
was added dropwise over 20 min under Ar. The resulting mixture was stirred and allowed to warm to 0 °C over 20 min, then
cooled to —78 °C and chlorodicyclohexylphosphine (8.4 mmol, 1.0 equiv) added dropwise over 10 min. The resulting mixture
was allowed to warm to room temperature over 2 h then cooled to 0 °C and Sg (9.2 mmol, 1.1 equiv) was added under Ar.
The reaction mixture was allowed to warm to room temperature and stirred for additional 4 h. The reaction was quenched
with water (20.0 mL), and the aqueous phase was extracted with diethyl ether (3 x 40.0 mL). The combined organic layer was
washed with brine, dried over MgSQOys, and the solvent removed under reduced pressure. For s3af, the crude product was used
for next step without purification. To the crude product were added water (0.5 mL) and THF (40.0 mL), and then TBAF (1.0
M in THF, 1.0 mL, 1.0 mmol) at 0 °C, and the mixture was stirred under air at r.t. for 5 h. After the volatiles were removed
under reduced pressure, the residue was purified by flash column chromatography on silica gel to afford corresponding
alkynylphosphine sulfides (80% - 85% overall yield).

7. Hydrophosphination of alkynylphosphine oxides/sulfides

4
Rt X RRs
N PS
Rl? R3-=—P-R® T£,0 (4.0 equiv) RZ'\_/ ~0O
- ] — " .
R2 P-H * R4 solvent, 60°C R3 H
s2a - §2x X =0, s3a-s3ad X=0,4-7
X =8, s3ae - s3aj X=8,8

General Procedure 5 (GP5)

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with secondary phosphine oxide (0.4 mmol,
2.0 equiv), alkynylphosphine oxide/alkynylphosphine sulfide (0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled
with argon (three times) and then CHCl3 (2.0 mL) and CH3CN (0.2 mL) was added sequentially via a syringe. The resulting
mixture was stirred until it became a homogeneous solution. Tf,0 (0.8 mmol, 4.0 equiv) was then added by a syringe. The
resulting mixture was stirred for 3 h at 60 °C. After cooled to ambient temperature, sat. NaHCO3 aq (5.0 mL) was added and
the resulting mixture was extracted with DCM (3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSO4
and volatiles were removed under reduced pressure. The residue was purified by flash column chromatography on silica gel
to give the desired products.
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8. Synthetic applications

8.1 Scale-up synthesis for 6n, 7m and 7at

A 50 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with secondary phosphine oxide s2q (0.86 g,
4.0 mmol, 2.0 equiv). Alkynylphosphine oxide s3a (0.60 g, 2.0 mmol, 1.0 equiv), s3ac (0.63 g, 2.0 mmol, 1.0 equiv) or s3p
(0.48 g, 2.0 mmol, 1.0 equiv) was added respectively. The tube was evacuated and backfilled with argon (three times) and
then CHCIl3 (10.0 mL) and CH3CN (1.0 mL) was added sequentially via a syringe. The resulting mixture was stirred until it
became a homogeneous solution. Tf,0 (1.33 mL, 8.0 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture
was stirred for 3 h at 60 °C. After cooled to ambient temperature, sat. NaHCO3 aq (20.0 mL) was added and the resulting
mixture was extracted with DCM (3 x 30.0 mL). The organic layer was washed with brine, and dried over MgSQO4 and volatiles
were removed under reduced pressure. The residue was purified by flash column chromatography on silica gel to give the
corresponding product 6n (0.96 g, 93% yield), 7m (0.85 g, 80% yield) or 7at (0.63 g, 70% yield) respectively.

8.2 100 g Scale-up synthesis of 70

; Phe__P(O)n-Bu,
— o L1n-BuLi (1.05 equv.), THF -78 °C _ (n-Bu),PHO (2.0 equiv), TH,0 (4.0 equiv.) (O)n-Bu,
Ph—== + Cy,PCl Ph—=—P(0)Cy, .

1.2 H,0, stae CHCly: MeCN (10: 1) PO)Cy,
Step 1, 81% Step 2, 77% 70

32g 1.05equiv. 70 1equiv.

Titurated 3 Titurated 7o
with ether s3ac Stp2 ——— ithether —  Total yicld: 63%

Step 1

Step 1 Synthesis of s3ac: The product of s3ac were synthesized according to published procedure.®® To a flask was added
THF (600 mL) and alkyne (32.2 g, 315 mmol, 1.05 equiv), cooled to -78 °C and »n-BuLi (315 mmol, 1.05 equiv) was added
dropwise under Ar. The resulting mixture was stirred and allowed to warm to 0 °C over 20 min, then cooled to —78 °C and
chlorodicyclohexylphosphine (69.8 g, 300 mmol, 1.0 equiv) added dropwise. The resulting mixture was allowed to warm to
room temperature over 2 h then 30% H>0O» (50 mL) at 0 °C, and the mixture was stirred under air at r.t. for 2 h. The reaction
was quenched with water (200 mL), and the aqueous phase was extracted with ethyl acetate (3 x 200 mL). The combined
organic layer was washed with sodium sulfite (50 g in 500 mL water), dried over MgSQOs, and the solvent removed under
reduced pressure. The resulting mixture was triturated with ether, filtered and washed the filter cake with a minimum amount
of ether afforded s3ac as white solid (56.6 g, 60% yield). The filtrate was concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel to give the desired product (76.3 g, 81% overall yield).

Step 2 Synthesis of 70:To a flask equipped with a magnetic stir bar was charged with s20 (64.8 g, 400 mmol, 2.0 equiv), s3ac
(62.8 g, 200 mmol, 1.0 equiv). The flask was evacuated and backfilled with argon (three times) and then CHCI3 (1000 mL)
and CH3CN (100 mL) was added sequentially via a syringe. The resulting mixture was stirred until it became a homogeneous
solution. T£,0 (133 mL, 800 mmol, 4.0 equiv) was then added by a syringe. The resulting mixture was stirred for 5 h at 60
°C. After cooled to ambient temperature, sat. NaHCOj3; aq was added and the resulting mixture was extracted with DCM. The
organic layer was washed with brine, and dried over MgSO4 and volatiles were removed under reduced pressure. The resulting
mixture was triturated with ether, filtered and washed the filter cake with a minimum amount of ether afforded 70 as white
solid (44.7 g, 47% yield). The filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to give the desired product (73.3 g, 77% overall yield).

8.3 Synthesis of 10a — 10v

X

P(O)R2R®  PhSiH; (3.0 equiv) 2R3
JI PhSiCl; (1.0 equiv) BH;THF |
R OP(O)R?R® THF, Ar, 60 °C, 16 h R -'?RARS
4-7 X

X = BH;, 10a - 10v
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The product of 10a — 10v were synthesized according to published procedure.’® A 10 mL oven-dried sealed tube equipped
with a magnetic stir bar was charged with 4 - 7 (0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon
(three times) and then THF (1.0 mL), PhSiH3 (0.6 mmol, 3.0 equiv) and PhSiCl3 (0.2 mmol, 1.0 equiv) was added sequentially
via a syringe. The resulting mixture was stirred for 16 h at 60 °C. After that, the reaction was cooled to room temperature and
BH3 (1 M in THF, 1.1 equiv or 2.2 equiv) was added via syringe under Ar atmosphere. The resulting reaction mixture was
stirred at room temperature for 4 h. The reaction was quenched with water (5.0 mL) and the resulting mixture was extracted
with ethyl acetate (3 x 10.0 mL). The organic layer was washed with brine, and dried over MgSOj4 and volatiles were removed
under reduced pressure. The residue was purified by flash column chromatography on silica gel to give the desired product
(20% - 70% yield).

8.4 Synthesis of 10w and 10z

Ph._-P(O)Ph, Pd/C (0.2 equiv) Ph_P(O)Ph,
\[ 5 atm Hy \[
P(O)Ph; E(OH/THF = 1.1 P(O)Ph,
65°C,24h
6a 10w, 86% yield

An autoclave equipped with a magnetic stir bar was charged with 6a (0.2 mmol, 1.0 equiv), Pd/C (0.04 mmol, 0.2 equiv),
EtOH (7.0 mL) and THF (7.0 mL). The autoclave was charged with 5 atm H, and the resulting mixture was stirred for 24 h
at 65 °C. After that, the reaction was cooled to room temperature and volatiles were removed under reduced pressure. The
residue was purified by flash column chromatography on silica gel to give the desired product 10w.

X

. . Hi
P(0)Ph, HSi(OEt); (6.0 equiv) Ph PPh,
\E Ti(O'Pr); (0.56 equiv)  BH,.THF \E

P(O)Ph, toluene, 120 °C, 0.5 h .FI’PhQ
X
10w X =BH,

10z, 92% yield

Ph

The product of 10z was synthesized according to published procedure.’! A 10 mL oven-dried sealed tube equipped with a
magnetic stir bar was charged with 10w (0.2 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times)
and then toluene (4.0 mL), HSi(OEt); (1.2 mmol, 6.0 equiv) and Ti(O'Pr)s (0.112 mmol, 0.56 equiv) was added sequentially
via a syringe. The resulting mixture was stirred for 0.5 h at 120 °C. After that, the reaction was cooled to room temperature
and BH3 (0.6 mL 1 M in THF, 3.0 equiv) was added via syringe under Ar atmosphere. The resulting reaction mixture was
stirred at room temperature for 4 h. After removal of the volatiles under reduced pressure, the residue was purified by flash
column chromatography on silica gel to give the desired product 10z.

8.5 Synthesis of 10x and 10aa

P(0)Cy, P(S)Cy, BINAP (0.2 equiv)_ P(S)Cy,
)I Lawesson reagent (3.0 equiv) JI Ru(PPh;);Cl, (0.1 equiv )
Ph P(O)Ph, toluene, Ar, 120 °C Ph P(S)Ph, EtOH/benzene =1 : 1 Ph P(S)Ph,
. 15 atm H,, 65 °C, 33 h o) s
5i 10x, 70% yield ‘ 10aa, 61% yield

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar was charged with 5i (0.2 mmol, 1.0 equiv), Lawesson
reagent (0.6 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon (three times) and then toluene (1.0 mL) was
added via a syringe. The resulting mixture was stirred for 4 h at 120 °C. After that, the reaction was cooled to room temperature
and volatiles were removed under reduced pressure. The residue was purified by flash column chromatography on silica gel
to give the desired product 10x.

The product of 10aa was synthesized according to published procedure.’ An autoclave equipped with a magnetic stir bar was
charged with 10x (0.2 mmol, 1.0 equiv), BINAP (0.04 mmol, 0.2 equiv), Ru(PPh3)3;Cl, (0.02 mmol, 0.1 equiv), EtOH (7.0
mL) and benzene (7.0 mL). The autoclave was charged with 15 atm H», and the resulting mixture was stirred for 33 h at 65
°C. After that, the reaction was cooled to room temperature and volatiles were removed under reduced pressure. The residue
was purified by flash column chromatography on silica gel to give the desired product 10aa.

8.6 Synthesis of 10y
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P(O)Ph, PhSiH; (3.0 equiv) PPh,
JI PhSiCl, (1.0 equiv) )I
—_—
Ph P(O)Ph, THF, Ar, 60 °C, 16 h Ph PPh,
6a 10y, 70% yield

The product of 10y was synthesized according to published procedure.’® A 10 mL oven-dried sealed tube equipped with a
magnetic stir bar was charged with 6a (1.0 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon (three times)
and then THF (2.0 mL), PhSiH3 (3.0 mmol, 3.0 equiv) and PhSiCl; (1.0 mmol, 1.0 equiv) was added sequentially via a syringe.
The resulting mixture was stirred for 16 h at 60 °C. After cooled to room temperature, the reaction was quenched with water
(10.0 mL) and the resulting mixture was extracted with ethyl acetate (3 x 15.0 mL). The organic layer was washed with brine,
and dried over MgSO4 and volatiles were removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel to give the desired product 10y.

8.7 Synthesis of 10ab and 10ac

Ph_ Ph
PPh, ) . R

JI NiBryDME (1.0 equiv) )I \N_,Br
- 1
EtOH, 75 °C S

P “PPh, ’ Ph /p\’ Br
PH Ph

10y 10ab, 60% yield

NiBr2-DME (0.20 mmol, 1.0 equiv) was placed in a 25 mL reaction flask under argon. Ethanol (5.0 mL) was charged to
dissolve the nickel salt at 75 °C. Diphosphine 10y (0.22 mmol, 1.1 equiv) in ethanol (15.0 mL) was added. Immediately, red
precipitate appeared. The precipitate was washed with ether and dried in vacuo. The complex weighed 82.6 mg (60%,

unoptimized).
Ph_ Ph
PPh, ) R a
)I Pd(CH;CN),Cl, (1.0 equiv), | Pd,
/
PH PPh, DCM, r.t. Ph /p\
PH Ph
10y 10ac, > 99% yield

Pd(CH3CN)2Cl» (0.20 mmol, 1.0 equiv) was placed in a 25 mL reaction flask under argon. DCM (5.0 mL) was charged to
dissolve the nickel salt. Diphosphine 10y (0.20 mmol, 1.0 equiv) in DCM (10.0 mL) was added. Immediately, orange
precipitate appeared. The resulting mixture was stirred for 30 min at r.t. and volatiles were removed under reduced pressure
(> 99 %, unoptimized).
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9. Catalytic potential of the biphosphine ligands library
To further prove the superiority of our methods, we utilized our disphosphine ligand library (DPPEN type) and currently
reported phosphine ligands in optimizing the demanding functional group metathesis reaction which had been reported by

Junichiro Yamaguchi group in 2020.%2

Ni(OAc), (10 mol %)
10p (20 mol %) o
Br o Zn (0.8 equiv) oPh
/ DMAP (0.5 equiv)
+ | A o) NayCO;y (1.5 equiv)

— toluene
N 150°C, 12 h

11
Isolated Yield: 78%

A 10 mL oven-dried sealed tube equipped with a magnetic stir bar, Ni(OAc),-4H>O (5.0 mg, 0.020 mmol, 10 mol %) and
Na,COs (31.8 mg, 0.30 mmol, 1.5 equiv) were dried with a heat-gun in vacuo and filled with Ar after cooling to room
temperature. To this vessel were added 4-bromobiphenyl (92.8 mg, 0.40 mmol, 2.0 equiv), phenyl nicotinate (39.8 mg, 0.20
mmol, 1.0 equiv), Zn powder (10.5 mg, 0.16 mmol, 80 mol %), N,N-dimethyl-4-aminopyridine (DMAP; 12.2 mg, 0.10 mmol,
1.0 equiv) and 10p (0.040 mmol, 20 mol %). The vessel was vacuumed and refilled Ar gas three times. To this was added
toluene (0.9 mL). The resulting mixture was stirred for 12 h at 150 °C. After cooling the reaction mixture to room temperature,

the mixture was purified by flash column chromatography on silica gel to give the desired product.
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9.1 Screening of DPPEN type and known phosphine ligands

Ni(OAc), (10 mol %)
Ligand (20 mol %)

O,
Zn (0.8 equiv
0 iy A(P auiv) OPh
(0.5 equiv)
| N 0) Na,COj (1.5 equiv)
P
N

Y o

toluene
150°C, 12 h

cy. C
N PPh,

PPh, Ph P\BH |
3
PCy, | BH;
PPh, pph, PN7 P
I\ dpbz 10a d\o PPh,

Cy_ Cy Ph PPh, n-BJ n-Bu
N,/ C Cy
R 10 Unsuccessful - y\P<
BH . 2
| s Ligands | O O i BH, o .
AN o EER y\P/ Y
Pho-Me PPhy 2 N
. PPh, PPh, | BHj
Cy\ /Cy cis-dppen
P\BH PCy, Xantphos Ph P,
| B (t-Bu),P.
SR=Cyloy O 10e
Ha8 Cy MeO OMe
Cy. Cy CyJohnPhos JohnPhos Cy\ /Cy
N7 P,
N P(t-Bu), P(t-Bu), O | \BH3
BH;
[ 109 pth PPh, t-Bu-Xantphos "I;fh P
PPh, PCy, S BINAP
Cy_ Oy N(CH3), PPh, PPh;
v — php” TN
N\ AN 2 2
[t b PhzP dppb F
dppe Cy /Cy
P, Davephos P.
PPh, PPh, PhoP” " PPh, PCy, - Ji\EsH3
depp Ph” P,
OMe
MeO @
cy. T ~PPh,
Np? Fe Cy
h V>N
Ph,P BH;
PPh, 7 .
| Cy_ Cy 10 [ F
\_/ @ ] c N
pPh, Ph R y\P/ Y | Hgp,
| BH, Ngn
cl — | S Ph P L
Cy
cl
Yield of 11 with different Ligands
75 76 78
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o 6 O
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30 O @
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34

20 23

3 4 5 T
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2Yields were determined by GC-analysis using naphthalene as an internal standard. 10e, 10g, 100 and 10p were determined as isoltated yields.

Figure S8. Screening of DPPEN type and known phosphine ligands
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10. X-ray crystal structures

10.1 X-ray crystal structure analysis of 6m

The structure of 6m was confirmed X-ray analysis (Figure S9). The crystal data of compound 6m was collected at 293 (2) K
with graphite monochromatic Cu Ka radiation (/. = 1.54184 A). The crystal structures were solved and refined by full matrix
least-squares methods against F? by using Olex2 programs. Crystallographic data for the structure has been deposited to the
Cambridge Crystallographic Data Center (CCDC 2098758).

Ph,(O)P ;,o
g(w
[, O

Figure 9. ORTEP drawing of 6m

Table S7. Crystal data and structure refinement for 6m
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10.2 X-ray crystal structure analysis of 7aw

The structure of 7aw was confirmed X-ray analysis (Figure S10). The crystal data of compound 7aw was collected at 293 (2)
K with graphite monochromatic Cu Ka radiation (2 = 1.54184 A). The crystal structures were solved and refined by full
matrix least-squares methods against F2 by using Olex2 programs. Crystallographic data for the structure has been deposited
to the Cambridge Crystallographic Data Center (CCDC 2098742).

Ph,(O)P ;,o

4

O

Figure S10. ORTEP drawing of 7aw
Table S8. Crystal data and structure refinement for 7aw
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10.3 X-ray crystal structure analysis of 8b

The structure of 8b was confirmed X-ray analysis (Figure S11). The crystal data of compound 8b was collected at 293 (2) K
with graphite monochromatic Cu Ka radiation (1 = 1.54184 A). The crystal structures were solved and refined by full matrix
least-squares methods against F? by using Olex2 programs. Crystallographic data for the structure has been deposited to the
Cambridge Crystallographic Data Center (CCDC 2098768).

i
(lu(j
P
x-"(0)

P Cy2

Ph

Figure S11. ORTEP drawing of 8b
Table S9. Crystal data and structure refinement for 8b
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10.4 X-ray crystal structure analysis of 8j

The structure of 8j was confirmed X-ray analysis (Figure S12). The crystal data of compound 8j was collected at 273.15 K
with graphite monochromatic Mo Ka radiation (A = 0.71073 A). The crystal structures were solved and refined by full matrix
least-squares methods against F? by using Olex2 programs. Crystallographic data for the structure has been deposited to the
Cambridge Crystallographic Data Center (CCDC 2100843).

Figure S12. ORTEP drawing of 8j
Table S10. Crystal data and structure refinement for 8j
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10.5 X-ray crystal structure analysis of 10d

The structure of 10d was confirmed X-ray analysis (Figure S13). The crystal data of compound 10d was collected at 293 (2)
K with graphite monochromatic Cu Ka radiation (2 = 1.54184 A). The crystal structures were solved and refined by full
matrix least-squares methods against F2 by using Olex2 programs. Crystallographic data for the structure has been deposited
to the Cambridge Crystallographic Data Center (CCDC 2098738).

Figure S13. ORTEP drawing of 10d
Table S11. Crystal data and structure refinement for 10d
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10.6 X-ray crystal structure analysis of 10ab

The structure of 10ab was confirmed X-ray analysis (Figure S14). The crystal data of compound 10ab was collected at 293
(2) K with graphite monochromatic Cu Ka radiation (4 = 1.54184 A). The crystal structures were solved and refined by full
matrix least-squares methods against F2 by using Olex2 programs. Crystallographic data for the structure has been deposited
to the Cambridge Crystallographic Data Center (CCDC 2098743).

o
:r: \
) Y
N7
7\
o W
= =

Figure S14. ORTEP drawing of 10ab
Table S12. Crystal data and structure refinement for 10ab
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10.7 X-ray crystal structure analysis of 10ac

The structure of 10ac was confirmed X-ray analysis (Figure S15). The crystal data of compound 10ac was collected at 273.15
K with graphite monochromatic Mo Ka radiation (1 = 0.71073 A). The crystal structures were solved and refined by full
matrix least-squares methods against F2 by using Olex2 programs. Crystallographic data for the structure has been deposited
to the Cambridge Crystallographic Data Center (CCDC 2098780).

Ph_ Ph

=}
\ -
Ji /Pd\g:
=

Ph
N
PH Ph

Figure S15. ORTEP drawing of 10ac
Table S13. Crystal data and structure refinement for 10ac
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11. Characteristic data
iPr g ipr (s2X) *H NMR (400 MHz, CDCls) 8 8.90 ~ 7.66 (M, 3H), 7.53 — 7.48 (m, 2H), 7.37 - 7.26 (m, 4H), 3.27 - 3.19
©/E. (m, 2H), 1.20 — 0.85 (m, 12H); *C NMR (101 MHz, CDCls) § 152.3 (d, J = 9.8 Hz), 132.8 (d, J = 2.6 Hz), 132.2
(d, J = 12.5 Hz), 129.0 (d, J = 101.3 Hz), 126.4 (d, J = 10.3 Hz), 126.2 (d, J = 13.1 Hz), 31.0 (d, J = 7.2 Hz), 23.8,

23.6; P NMR (162 MHz, CDCls) 5 17.7. HRMS (ESI) calcd for C1sH24sOP* [M+H]* 287.1560, found 287.1553.

D= pojcy, (536)*HNMR (400 MHz, CDCI:) 8 1.90 ~ 1.63 (m, 12H), 1.36 — 1.16 (m, 11H), 0.86 0.7 (m, 4H); °C NMR

(101 MHz, CDCls) § 109.6 (d, J = 23.5 Hz), 67.7 (d, J = 143.9 Hz), 36.6 (d, J = 79.7 Hz), 26.3 (d, J = 9.7 Hz),
26.1 (d, J = 9.3 Hz), 25.8, 25.6 (d, J = 3.0 Hz), 24.6 (d, J = 3.1 Hz), 9.1, 0.0 (d, J = 3.3 Hz); 3P NMR (162 MHz, CDCls) & 34.3.
HRMS (ESI) calcd for C17H,s0P* [M+H]* 279.1873, found 279.1870.

(s3r) White solid (m.p.: 143 - 145 °C); 75% yield; 'H NMR (400 MHz, CDCl;) § 7.45 (d, J = 8.4 Hz,
C'_Q%P(O)Cyz 2H), 7.32 (d, J = 8.5 Hz, 2H), 2.06 — 1.71 (m, 12H), 1.57 — 1.45 (m, 4H), 1.35 — 1.18 (m, 6H); *C NMR
(101 MHz, CDCl3) 8 136.5, 133.6 (d, J= 1.7 Hz), 128.9, 118.9 (d, J = 3.5 Hz), 101.8 (d, J=21.0 Hz), 82.6 (d, J = 133.4 Hz), 36.8
(d, J=179.0 Hz), 26.3 (d, J = 9.7 Hz), 26.2 (d, J = 9.3 Hz), 25.84 — 25.79 (m), 24.7 (d, J = 3.3 Hz); *'P NMR (162 MHz, CDCl;) &
35.7. HRMS (ESI) caled for C2oHy,CIOP* [M+H]* 349.1483, found 349.1477.

(s3s) White solid (m.p.: 86 - 88 °C); 73% yield; "TH NMR (400 MHz, CDCl3) 3 7.46 (d, J= 8.8 Hz, 2H),
MeO_Q%P‘O)CW 6.85 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H), 2.05 — 1.82 (m, 10H), 1.72 — 1.69 (m, 2H), 1.58 — 1.46 (m, 4H),
1.34 — 1.21 (m, 6H); *C NMR (101 MHz, CDCl;) 8 161.0, 134.1 (d, J= 1.7 Hz), 114.2, 112.4 (d, J = 3.5 Hz), 103.6 (d, J = 22.4
Hz), 80.2 (d, J= 138.9 Hz), 55.4, 36.9 (d, /= 79.3 Hz), 26.3 (d, /= 9.7 Hz), 26.2 (d, J = 9.3 Hz), 25.88, 25.87, 25.8 (d, /= 3.2 Hz),
24.8 (d, J=3.3 Hz); P NMR (162 MHz, CDCls) 3 35.2. HRMS (ESI) caled for C2H300,P* [M+H]* 345.1978, found 345.1981.

o (s3y) *H NMR (400 MHz, CDCl3) 8 7.93 (dd, J = 13.2, 8.5 Hz, 4H), 7.57 (d, J = 7.7 Hz, 2H), 7.45 —
Ph—= P_Q_OCFB 7.31 (m, 7H); ®°C NMR (101 MHz, CDCls) § 152.3 (dd, J = 3.2, 1.7 Hz), 133.0 (d, J = 12.6 Hz), 132.6
(d, J = 1.5 Hz), 131.3 (d, J = 125.2 Hz), 131.1, 128.7, 120.8 (d, J = 14.5 Hz), 120.3 (q, J = 260.0 Hz),
119.3 (d, J = 4.1 Hz), 106.6 (d, J = 31.5 Hz), 81.9 (d, J = 175.8 Hz); 3P NMR (162 MHz, CDCls) § 5.2;
9F NMR (376 MHz, CDCls) 8 -57.6. HRMS (ESI) caled for CooH14F¢O3P* [M+H]* 471.0579, found

OCF,

471.0585.

9H), 2.45 (s, 6H); 3C NMR (101 MHz, CDCl3) & 141.6 (d, J = 10.6 Hz), 132.8 (d, J = 11.9 Hz), 132.4, 131.7
\@ (d, J = 11.8 Hz), 130.61 (d, J = 119.5 Hz), 130.59, 128.6, 125.8 (d, J = 13.5 Hz), 120.2 (d, J = 3.9 Hz), 104.9
(d, J=29.5 Hz), 83.2 (d, J = 167.9 Hz), 21.3 (d, J = 5.3 Hz); 3P NMR (162 MHz, CDCls) 5 8.6. HRMS (ESI)

caled for CorHagOP* [M+H]* 331.1246, found 331.1246.

: (s3z) 'H NMR (400 MHz, CDCls) § 8.07 (dd, J = 15.6, 7.6 Hz, 2H), 7.59 (d, J = 7.3 Hz, 2H), 7.49 — 7.24 (m,

7.28 — 7.24 (m, 2H), 2.31 (s, 12H); 3C NMR (101 MHz, CDCls) § 141.5 (d, J=2.9 Hz), 137.2 (d, J = 13.7
Hz), 132.5 (d, J= 1.7 Hz), 131.9 (d, J = 11.4 Hz), 130.5, 130.3 (d, J = 124.3 Hz), 129.9 (d, J = 14.4 Hz),
128.6 (d, J= 11.3 Hz), 128.5, 120.3 (d, J = 3.9 Hz), 104.7 (d, J = 29.7 Hz), 83.6 (d, J = 167.9 Hz), 20.1,
19.8; 3P NMR (162 MHz, CDCL3) & 8.8. HRMS (ESI) caled for CosHosOP* [M+H]" 359.1559, found

o ; (s3aa) "H NMR (400 MHz, CDCls) § 7.71 — 7.59 (m, 6H), 7.44 (t, J = 7.6 Hz, 1H), 7.37 (t, J= 7.1 Hz, 2H),

359.1559.
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. o (s3ab) '"H NMR (400 MHz, CDCls) § 7.56 (d, J = 7.3 Hz, 2H), 7.46 — 7.41 (m, 3H), 7.34 (t, J= 7.5 Hz,
— ,':LQ/O 2H), 7.23 (d, J = 13.3 Hz, 2H), 6.89 (d, J = 7.6 Hz, 2H), 5.99 (s, 4H); 3C NMR (101 MHz, CDCls) § 151.2
(d,J=3.0 Hz), 148.1 (d, J=20.5 Hz), 132.5 (d, J = 1.4 Hz), 130.7, 128.6, 126.5 (d, J = 12.3 Hz), 126.2 (d,
J=128.6 Hz), 119.9 (d, J = 3.9 Hz), 110.4 (d, J = 14.7 Hz), 108.8 (d, J = 17.0 Hz), 105.0 (d, J = 30.6 Hz),
o/ 101.8, 83.0 (d, J = 172.0 Hz); P NMR (162 MHz, CDCls) § 8.1. HRMS (ESI) caled for CooH¢OsP*
[M+H]" 391.0730, found 391.0730.

S (s3af) *H NMR (400 MHz, CDCl3) & 3.06 (d, J = 8.8 Hz, 1H), 2.02 — 1.86 (m, 10H), 1.73 — 1.27 (m, 10H), 1.24 —

1]
:—P—O 1.18 (m, 2H); *°C NMR (101 MHz, CDCls) § 92.6 (d, J = 15.5 Hz), 76.3 (d, J = 112.5 Hz), 38.4 (d, J = 58.4 Hz),
@ 26.3—26.0 (M), 25.7 (d, J = 1.4 Hz), 24.8 (d, J = 1.8 Hz); 3P NMR (162 MHz, CDCl3) & 46.1. HRMS (ESI) caled

for C14H24PS* [M+H]" 255.1331, found 255.1331.

(s3ai) 'TH NMR (400 MHz, CDCls) § 8.02 — 7.95 (m, 4H), 7.74 (d, J = 2.8 Hz, 1H), 7.54 — 7.45 (m, 6H),
Q% 7.32 (dd, J = 5.0, 3.0 Hz, 1H), 7.24 (dd, J = 5.0, 0.8 Hz, 1H); 3C NMR (101 MHz, CDCls) § 133.7 (d, J=
@ 99.1 Hz), 133.1 (d, J= 2.5 Hz), 131.9 (d, J = 3.3 Hz), 130.9 (d, J = 12.2 Hz), 129.9 (d, J = 1.3 Hz), 128.7

(d,J=13.9 Hz), 126.1, 119.5 (d, J= 4.4 Hz), 101.2 (d, J=27.4 Hz), 81.8 (d, J = 153.9 Hz); *'P NMR (162
MHz, CDCls) & 20.3. HRMS (ESI) calcd for CisH4PS,* [M+H]" 325.0269, found 325.0266.

V=W

(s3aj) *H NMR (400 MHz, CDCls) § 7.65 (s, 1H), 7.31 — 7.29 (m, 1H), 7.17 (d, J = 4.7 Hz, 1H), 2.08 — 1.88
Q% —<:> (m, 10H), 1.76 — 1.71 (m, 2H), 1.61 — 1.45 (m, 5H), 1.37 — 1.26 (m, 5H); *C NMR (101 MHz, CDCls) &
@ 132.4 (d, J = 2.1 Hz), 130.0, 125.9, 119.8 (d, J = 3.8 Hz), 99.3 (d, J = 18.6 Hz), 79.9 (d, J = 121.9 Hz), 38.9

(d, J =59.2 Hz), 26.5 — 26.1 (m), 25.8 (d, J = 0.9 Hz), 25.1 (d, J = 1.3 Hz); 3'P NMR (162 MHz, CDCls) §
45.1. HRMS (ESI) caled for C1gHz6PS," [M+H]* 337.1208, found 337.1208.

V=W

P(0)Ph, (4a) White solid (m.p.: 76 - 78 °C); 82% yield; *H NMR (400 MHz, CDCls) 8 7.65 — 7.58 (m, 8H), 7.47 —
NAPOPh o o) (m, 8H), 7.28 — 7.23 (m, 4H), 7.18 — 7.04 (m, 3H), 7.01 - 6.98 (m, 2H); **C NMR (101 MHz, CDCls)
cl 8 156.0 (d, J = 84.1 Hz), 141.3 (dd, J = 92.2, 8.2 Hz), 138.8 (dd, J = 16.8, 10.2 Hz), 134.8 (d, J = 1.0 Hz),

133.8 (d, J = 108.7 Hz), 132.3 (d, J = 10.1 Hz), 132.1 (d, J = 2.6 Hz), 131.7 (d, J = 2.6 Hz), 130.84 (d, J = 106.2 Hz), 130.82 (d, J
=09.9 Hz), 129.8 (d, J = 3.2 Hz), 128.5 (d, J = 12.5 Hz), 128.4, 128.2 (d, J = 12.7 Hz); %'P NMR (162 MHz, CDCl3) § 25.6 (d, J =
13.3 Hz), 18.5 (d, J = 13.9 Hz). HRMS (ESI) caled for C3,HasCl0,Py* [M+H]* 539.1091, found 539.1091.

P(O)Ph, (4b) White solid (m.p.: 85 - 87 °C); 87% vield; 'H NMR (400 MHz, CDCls) § 7.65 — 7.55 (m, 8H), 7.47 —
P(O)Ph
AP 2 24 (m, 8H), 7.30 — 7.23 (m, 6H), 7.12 (dd, J = 35.6, 19.0 Hz, 1H), 6.90 (d, J = 7.6 Hz, 2H); °C NMR
Br (101 MHz, CDCl3) § 156.1 (d, J = 84.2 Hz), 141.4 (dd, J = 92.0, 8.1 Hz), 139.1 (dd, J = 16.8, 10.4 Hz),

133.6 (d, J = 108.8 Hz), 132.3 (d, J = 10.3 Hz), 132.2 (overlap one peak of 132.3), 131.8 (d, J = 2.6 Hz), 131.4, 130.8 (d, J = 9.7
Hz), 130.7 (d, J = 106.3 Hz), 130.0 (d, J = 3.2 Hz), 128.6 (d, J = 12.5 Hz), 128.2 (d, J = 12.6 Hz), 123.0 (d, J = 1.1 Hz); 3P NMR
(162 MHz, CDCls) 5 25.6 (d, J = 13.8 Hz), 18.7 (d, J = 13.9 Hz). HRMS (ESI) calcd for C32HasBrO2Py" [M+H]" 583.0586, found
583.0583.

P(O)Ph; (4c) Light yellow solid (m.p.: 100 - 102 °C); 83% yield; *H NMR (400 MHz, CDCl3) § 7.65 (dd, J = 12.1,
NAPOPR2 2 8 Hz, 4H), 7.57 (dd, J = 12.2, 7.8 Hz, 4H), 7.51 — 7.36 (m, 10H), 7.29 — 7.26 (m, 4H), 7.13 (dd, J = 35.6,
| 19.4 Hz, 1H), 6.76 (d, J = 8.1 Hz, 2H): °C NMR (101 MHz, CDCls) 5 1563 (d, J = 84.2 Hz), 141.5 (dd, J
=92.0, 8.0 Hz), 139.6 (dd, J = 16.6, 10.3 Hz), 137.3, 133.5 (d, J = 109.0 Hz), 132.3 — 132.2 (m), 131.8 (d, J = 2.3 Hz), 130.8 (d, J
=9.9 Hz), 130.6 (d, J = 104.6 Hz) (overlap one peak of 130.1), 130.1 (d, J = 3.3 Hz), 128.6 (d, J =12.5 Hz), 128.3 (d, J = 12.6 Hz),

S28



94.8; 3'P NMR (162 MHz, CDCls) & 25.6 (d, J = 13.9 Hz), 18.8 (d, J = 13.9 Hz). HRMS (ESI) caled for C3,HalOoP,* [M+H]*
631.0447, found 631.0447.

P(O)Ph; (4d) Colorless oil; 76% yield; *H NMR (400 MHz, CDCls & 7.73 (dd, J = 12.4, 7.8 Hz, 4H), 7.64 (dd, J

P(O)Ph
/(j)\V OFN2 121, 7.7 Hz, 4H), 7.51 — 7.40 (m, 10H), 7.33 — 7.29 (m, 4H), 7.26 (d, J = 8.0 Hz, 2H), 7.15 (dd, J =
CF3 35.6, 18.6 Hz, 1H); 13C NMR (101 MHz, CDCl3) 8 156.1 (d, J = 83.3 Hz), 144.3 (dd, J = 16.6, 9.2 Hz),

141.4 (dd, J = 91.8, 8.1 Hz), 133.7 (d, J = 108.3 Hz), 132.5 (d, J = 10.3 Hz), 132.1 (d, J = 2.8 Hz), 131.7 (d, J = 2.7 Hz), 130.9 (d,
J=106.4 Hz), 130.8 (d, J = 9.7 Hz), 130.4 (g, J = 32.8 Hz) (overlap one peak of 130.8), 128.8 (d, J = 2.9 Hz), 128.5 (d, J = 12.4
Hz), 128.1 (d, J = 12.9 Hz), 125.1 (q, J = 3.7 Hz), 123.8 (g, J = 273.2 Hz); 3P NMR (162 MHz, CDCls) § 25.7 (d, J = 13.8 Hz),
17.7 (d, J = 14.0 Hz); **F NMR (376 MHz, CDCl3) 5 -62.7. HRMS (ESI) calcd for C33HagF30,P2" [M+H]" 573.1355, found 573.1356.

P(O)Ph, (4€) White solid (m.p.: 94 - 96 °C); 86% yield; *H NMR (400 MHz, CDCls) § 7.67 — 7.61 (m, 4H), 7.54
x_-P(0)Ph, _ .13
—7.49 (m, 4H), 7.47 — 7.33 (m, 8H), 7.26 — 7.06 (M, 7H), 6.89 (d, J = 7.8 Hz, 2H), 1.22 (s, 9H); °C NMR
tBu (101 MHz, CDCl3) & 157.3 (d, J = 84.5 Hz), 152.0, 140.6 (dd, J = 93.1, 8.2 Hz), 137.1 (dd, J = 16.5, 10.8

Hz), 133.9 (d, J = 108.9 Hz), 132.2 (d, J = 9.9 Hz), 132.1 (d, J = 2.6 Hz), 131.7 (d, J = 2.4 Hz), 130.9 (d, J = 106.1 Hz), 130.8 (d, J
= 9.8 Hz), 128.6 (d, J = 12.4 Hz), 128.2 (d, J = 12.5 Hz), 128.1 (d, J = 3.5 Hz), 125.2, 34.6, 31.2; 3P NMR (162 MHz, CDCl3) §
26.1 (d, J = 14.2 Hz), 19.0 (d, J = 14.4 Hz). HRMS (ESI) calcd for C36HzsO:Py" [M+H]* 561.2107, found 561.2106.

P(O)Ph, (4f) White solid (m.p.: 62 - 64 °C); 71% yield; 'H NMR (400 MHz, CDCls) § 7.68 — 7.62 (m, 8H), 7.47 — 7.35

XAPOPh2 - (m 8H), 7.30 — 7.25 (m, 4H), 7.19 — 7.06 (m, 2H), 6.94 — 6.86 (m, 2H), 6.79 (d, J = 9.5 Hz, 1H); 3C NMR

(101 MHz, CDCl3) 6 162.1 (d, J = 248.6 Hz), 155.8 (d, J = 83.8 Hz), 142.7 — 142.4 (m), 141.5 (dd, J = 92.3,

F 8.2 Hz), 134.0 (d, J = 108.4 Hz), 132.4 (d, J = 10.2 Hz), 132.0 (d, J = 2.7 Hz), 131.6 (d, J = 2.5 Hz), 131.1 (d,

J=106.2 Hz), 130.9 (d, J = 9.7 Hz), 129.8 (d, J = 8.4 Hz), 128.5 (d, J = 12.4 Hz), 128.1 (d, J = 12.7 Hz), 124.3 — 124.2 (m), 115.7

—115.2 (m); 3P NMR (162 MHz, CDCl3) 5 25.2 (d, J = 13.6 Hz), 18.0 (d, J = 13.8 Hz); 9F NMR (376 MHz, CDCls) 5 -112.3.
HRMS (ESI) caled for C3HasFO,P,* [M+H]* 523.1387, found 523.1384.

P(O)Ph, (4g) Colorless oil; 74% yield; 'H NMR (400 MHz, CDCls) 3 7.71 — 7.64 (m, 8H), 7.50 — 7.38 (m, 9H), 7.36 —
NAPOPR2 2 97 (m, 6H), 7.24 (s, 1H), 7.16 (dd, J = 35.3, 18.2 Hz, 1H): 1°C NMR (101 MHz, CDCls) 5 155.8 (d, J = 83.6
CFs Hz), 142.0 (dd, J = 91.6, 8.0 Hz), 141.2 (dd, J = 16.8, 10.2 Hz), 133.7 (d, J = 1085 Hz), 132.3 (d, J = 10.0 Hz),

132.1 (d, J = 2.7 Hz), 131.8, 131.7 (d, J = 2.7 Hz), 130.93 (d, J = 106.3 Hz), 130.91 (d, J = 9.9 Hz), 130.4 (g, J = 32.7 Hz) (overlap
one peak of 130.91), 128.8, 128.5 (d, J = 12.5 Hz), 128.2 (d, J = 12.7 Hz), 125.2 - 125.1 (m), 123.6 (q, J = 273.6 Hz); 3P NMR
(162 MHz, CDCl3) § 25.2 (d, J = 13.9 Hz), 18.3 (d, J = 13.9 Hz): *°F NMR (376 MHz, CDCls) & -62.7. HRMS (ESI) caled for
Ca3Ha6F30,P,* [M+H]* 573.1355, found 573.1355.

P(O)Ph, (4h) White solid (m.p.: 107 - 109 °C); 91% yield; *H NMR (400 MHz, CDCls) § 7.77 — 7.72 (m, 5H),

OO NAPOPh2 7 65 _ 7,58 (m, 6H), 7.50 — 7.39 (m, 11H), 7.34 — 7.20 (m, 5H), 7.11 (d, J = 8.5 Hz, 1H); 13C NMR (101

MHz, CDCls) 5 157.2 (d, J = 84.4 Hz), 141.7 (dd, J = 92.7, 8.1 Hz), 137.5 (dd, J = 16.4, 10.5 Hz), 134.0

(d, J = 109.0 Hz), 132.8, 132.5, 132.3 (d, J = 9.9 Hz), 132.1 (d, J = 2.4 Hz), 131.7 (d, J = 2.5 Hz), 131.0 (d, J = 106.0 Hz), 130.9 (d,

J=9.9 Hz), 128.6 (d, J = 12.5 Hz), 128.24 (d, J = 12.5 Hz), 128.18 (overlap one peak of 128.24), 127.9, 127.8 (d, J = 4.1 Hz),

127.6,126.9, 126.7, 125.9 (d, J = 2.7 Hz); *'P NMR (162 MHz, CDCls) § 25.3 (d, J = 14.0 Hz), 19.2 (d, J = 14.0 Hz). HRMS (ESI)
caled for CggH2902P," [M+H]" 555.1637, found 555.1637.

P(O)Ph, (4i) Yellow oil; 85% yield; 'H NMR (400 MHz, CDCly) & 8.45 (d, J = 4.5 Hz, 1H), 8.37 (s, 1H), 7.73 — 7.68
fﬁ)\vp‘o’% (M, 4H), 7.63 — 7.58 (M, 4H), 7.50 (d, J = 7.9 Hz, 1H), 7.46 — 7.34 (m, 8H), 7.27 (td, J = 7.8, 3.3 Hz, 4H), 7.21
N _7.07 (m, 2H); *C NMR (101 MHz, CDCly) 5 153.6 (d, J = 84.0 Hz), 149.4, 148.4 (d, J = 3.5 Hz), 141.8 (dd,
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J =915, 8.1 Hz), 136.8 (dd, J = 16.7, 9.5 Hz), 136.1 (d, J = 2.4 Hz), 133.6 (d, J = 108.2 Hz), 132.5 (d, J = 10.3 Hz), 132.1 (d, J =
2.8 Hz), 131.7 (d, J = 2.6 Hz), 130.78 (d, J = 9.9 Hz), 130.77 (d, J = 106.5 Hz), 128.6 (d, J = 12.5 Hz), 128.2 (d, J = 12.8 Hz), 122.6;
3P NMR (162 MHz, CDCls3) 6 26.0 (d, J = 13.9 Hz), 17.7 (d, J = 13.5 Hz). HRMS (ESI) calcd for CaiH2sNO2P2* [M+H]" 506.1433,
found 506.1434.

P(0)Ph, (4j) Colorless oil; 62% yield; 'H NMR (400 MHz, CDCI3) § 7.70 (dd, J = 12.3, 7.4 Hz, 4H), 7.55 (dd, J =

NP2 12.0,7.2 Hz, 4H), 7.44 — 7.39 (m, 4H), 7.37 — 7.27 (m, 8H), 7.01 (dd, J = 40.2, 17.7 Hz, 1H), 2.88 — 2.79 (m,

1H), 1.75 - 1.63 (m, 5H), 1.21 — 1.11 (m, 5H); *C NMR (101 MHz, CDCI3) 5 162.9 (d, J = 82.6 Hz), 134.53

(dd, J = 107.8, 8.1 Hz), 134.48 (d, J = 107.5 Hz), 132.5 (d, J = 10.3 Hz), 131.8 (d, J = 2.8 Hz), 1316 (d, J = 104.4 Hz), 131.3 (d, J

= 2.5 Hz), 130.7 (d, J = 9.8 Hz), 128.3 (d, J = 12.3 Hz), 127.9 (d, J = 12.5 Hz), 43.0 (dd, J = 13.4, 10.2 Hz), 34.09, 34.07, 26.5,

25.8; %P NMR (162 MHz, CDCly) 5 28.9 (d, J = 19.7 Hz), 19.0 (d, J = 19.4 Hz). HRMS (ESI) caled for CszHz0Pz" [M+H]*
511.1950, found 511.1951.

P(O)Ph, (4k) White solid (m.p.: 77 - 79 °C); 75% yield; *H NMR (400 MHz, CDCl) & 7.66 — 7.60 (m, 8H), 7.46 — 7.31

~~POPh;  (m, 12H), 6.62 (dd, J = 37.6, 15.2 Hz, 1H), 1.78 — 1.69 (m, 1H), 0.85 — 0.80 (m, 2H), 0.67 — 0.63 (M, 2H); *C

NMR (101 MHz, CDCls) & 158.9 (d, J = 86.5 Hz), 134.3 (d, J = 108.9 Hz), 132.2 - 130.8 (m), 128.2 (d, J = 12.5

Hz), 18.4 (t, J = 17.1 Hz), 11.2 (d, J = 2.7 Hz); 3P NMR (162 MHz, CDCl3) § 28.5 (d, J = 16.4 Hz), 20.7 (d, J = 16.7 Hz). HRMS
(ESI) calcd for CaoHa70,P, [M+H]* 469.1481, found 469.1472.

P(O)Ph, (41) Colorless oil; 67% yield; *H NMR (400 MHz, CDCls) § 7.70 (dd, J = 12.4, 7.3 Hz, 4H), 7.57 — 7.53

NAPOPh2 (11 4H), 7.40 - 7.37 (m, 4H), 7.33 — 7.24 (m, 8H), 6.97 (dd, J = 38.9, 18.1 Hz, 1H), 2.57 — 2.5 (m, 2H),
1.43 -1.36 (m, 2H), 1.21 — 1.08 (m, 6H), 0.77 (t, J = 6.7 Hz, 3H); 3C NMR (101 MHz, CDCls) & 157.6 (d, J = 83.6 Hz), 136.0 (dd,
J=98.1, 8.6 Hz), 134.1 (d, J = 107.6 Hz), 132.3 (d, J = 10.3 Hz), 131.8 (d, J = 2.7 Hz), 131.4 (d, J = 102.1 Hz) (overlap one peak
of 130.8), 131.3 (d, J = 2.5 Hz), 130.8 (d, J = 9.8 Hz), 128.3 (d, J = 12.3 Hz), 128.0 (d, J = 12.6 Hz), 37.9 (dd, J = 14.9, 10.4 Hz),
31.4,29.3(d, J = 3.2 Hz), 28.7, 22.5, 14.0; 3P NMR (162 MHz, CDCls) 3 28.1 (d, J = 17.2 Hz), 18.7 (d, J = 17.7 Hz). HRMS (ESI)
caled for C3,H3s0.Py* [M+H]* 513.2107, found 513.2107.

P(O)Ph, (4m) White solid (m.p.: 226 - 228 °C); 48% yield; *H NMR (400 MHz, CDCls) § 7.70 — 7.65 (m, 8H), 7.46 (t, J =

N POPh2 7.0 Hz, 4H), 7.38 — 7.21 (m, 10H) (overlap one peak of 7.26); 3C NMR (101 MHz, CDCls) & 143.1 (dd, J = 96.6,

H 4.1 Hz), 133.0 — 131.2 (m), 128.6 — 128.2 (m); P NMR (162 MHz, CDCls) & 20.7.

\@O (5a) White solid (m.p.: 76 - 77 °C); 97% yield; 'H NMR (400 MHz, CDCls) & 7.64 — 7.59 (m, 4H), 7.54 (dd,
i J=12.0, 8.0 Hz, 4H), 7.41 — 7.36 (m, 2H), 7.27 — 7.03 (m, 14H), 2.34 (s, 6H); 3C NMR (101 MHz, CDCl3)
K(P@)th §156.1 (d, J = 84.5 Hz), 141.8 (d, J = 2.8 Hz), 141.7 (dd, J = 92.4, 8.4 Hz), 140.6 (dd, J = 16.3, 10.2 Hz),

Ph 132.3 (d, J = 10.1 Hz), 131.8 (d, J = 67.5 Hz), 131.7 (d, J = 2.7 Hz), 131.0 (d, J = 10.2 Hz), 130.7 (d, J =

69.9 Hz), 129.1 (d, J = 12.9 Hz), 128.37 — 128.35 (m), 128.1, 128.0 (d, J = 12.7 Hz), 21.6; 3P NMR (162 MHz, CDCls) 5 25.3 (d,
J=14.0 Hz), 18.9 (d, J = 14.0 Hz). HRMS (ESI) calcd for C34H3,0,P," [M+H]* 533.1794, found 533.1794.

MeO OMe  (5b) White solid (m.p.: 151 - 153 °C); 90% yield; *H NMR (400 MHz, CDCls) § 7.66 — 7.60 (m, 8H),
\©\('P?/©/ 7.42 (t,J = 7.3 Hz, 2H), 7.31 - 7.27 (m, 4H) (overlap one peak of 7.26), 7.25 — 7.06 (m, 6H), 6.89 (d, J
K(P(O)th = 8.5 Hz, 4H), 3.83 (s, 6H); *C NMR (101 MHz, CDCls) § 162.1 (d, J = 2.8 Hz), 155.3 (d, J = 84.9

Ph Hz), 142.3 (dd, J = 92.9, 8.5 Hz), 140.8 (dd, J = 16.5, 10.3 Hz), 133.0 (d, J = 11.2 Hz), 132.3 (d, J =

10.0 Hz), 131.9 (d, J = 105.7 Hz), 131.7 (d, J = 2.6 Hz), 128.4 (d, J = 3.3 Hz), 128.2, 128.1 127.9 (d, J = 12.6 Hz), 125.3 (d, J =
114.8 Hz), 113.9 (d, J = 13.4 Hz), 55.3; 3'P NMR (162 MHz, CDCl3) & 25.1 (d, J = 14.1 Hz), 19.1 (d, J = 14.1 Hz). HRMS (ESI)

calced for C34H3104P," [M+H]" 565.1692, found 565.1692.
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tBu tBu  (5¢) White solid (m.p.: 122 - 124 °C); 76% vield; *H NMR (400 MHz, CDCls) 8 7.65 — 7.55 (m, 8H),

\@O/Q/ 7.40 — 7.35 (m, 6H), 7.25 — 7.07 (m, 10H), 1.29 (s, 18H); *C NMR (101 MHz, CDCls) & 156.1 (d, J =

K(P(owhz 84.7 Hz), 154.8 (d, J = 2.5 Hz), 141.6 (dd, J = 92.4, 8.7 Hz), 140.6 (dd, J = 16.4, 10.0 Hz), 132.4(d, J =

Ph 10.0 Hz), 131.8 (d, J = 2.5 Hz), 131.7 (d, J = 68.1 Hz), 130.8 (d, J = 10.1 Hz), 130.6 (d, J = 72.8 Hz),

128.4—128.3 (m), 128.1, 128.0 (d, J = 12.6 Hz), 125.4 (d, J = 12.7 Hz), 35.0, 31.1; 3'P NMR (162 MHz, CDCl3) § 25.6 (d, J = 14.1
Hz), 18.1 (d, J = 14.2 Hz). HRMS (ESI) caled for C40Hu30,P," [M+H]" 617.2733, found 617.2730.

F F (5d) White solid (m.p.: 82 - 83 °C); 82% yield; 'H NMR (400 MHz, CDCls) & 7.80 — 7.74 (m, 4H), 7.52

\QO/O/ (dd, J = 12.1, 7.8 Hz, 4H), 7.44 (t, = 7.3 Hz, 2H), 7.31 (t, = 7.5 Hz, 4H) (overlap one peak of 7.26), 7.23

K(P(owhz (t, J=7.5Hz, 1H), 7.19 — 7.06 (m, 7H), 6.97 (d, J = 7.5 Hz, 2H); *C NMR (101 MHz, CDCls) 5 164.8 (dd,

Ph J=253.8,3.3 Hz), 157.0 (d, J = 83.8 Hz), 141.7 (dd, J = 94.7, 7.8 Hz), 140.0 (dd, J = 16.7, 10.7 Hz), 133.7

(dd, J = 11.4, 8.8 Hz), 132.2 (d, J = 9.8 Hz), 132.0 (d, J = 2.7 Hz), 131.1 (d, J = 105.4 Hz), 129.9 (dd, J = 112.4, 3.2 Hz), 128.6,

128.3 (d, J = 3.4 Hz), 128.2, 128.2 (d, J = 8.7 Hz), 115.6 (dd, J = 21.6, 13.8 Hz); 3P NMR (162 MHz, CDCl3) & 24.6 (d, J = 14.1

Hz), 18.9 (d, J = 14.2 Hz); *F NMR (376 MHz, CDCl3) § -107.3. HRMS (ESI) calcd for C3oHasF20,P>* [M+H]" 541.1292, found
541.1292.

CF30 OCF3  (5e) White solid (m.p.: 117 - 119 °C); 73% yield; *H NMR (400 MHz, CDCls3) § 7.85 — 7.80 (m, 4H),

\O\ﬁ/@ 7.49 —7.42 (m, 6H), 7.31 — 7.27 (m, 4H) (overlap one peak of 7.26), 7.23 — 7.05 (m, 8H), 6.94 (d, J =

K(P(O)th 7.5 Hz, 2H); 3C NMR (101 MHz, CDCls) § 157.7 (d, J = 83.4 Hz), 151.61 — 151.57 (m), 141.2 (dd,

Ph J =957, 7.6 Hz), 139.7 (dd, J = 16.7, 10.7 Hz), 133.3 — 132.1 (m), 130.8 (d, J = 105.3 Hz), 128.7,

128.3 - 128.2 (m), 120.4 (d, J = 13.4 Hz), 120.3 (g, J = 259.6 Hz); *'P NMR (162 MHz, CDCls) § 24.4 (d, J = 14.4 Hz), 18.4 (d, J
= 14.2 Hz); °F NMR (376 MHz, CDCl3) & -57.6. HRMS (ESI) calcd for C34HasFsO4P," [M+H]* 673.1127, found 673.1129.

OI) (5f) White solid (m.p.: 72 - 73 °C); 98% yield; *H NMR (400 MHz, CDCls) 8 7.78 (dd, J = 12.4, 7.4 Hz, 4H),
@g 7.37-7.31 (m, 6H), 7.26 — 7.11 (m, 13H), 7.01 (dd, J = 36.6, 19.5 Hz, 1H), 2.42 (s, 6H); *°C NMR (101 MHz,
K(F%O)th CDCls) § 157.1 (d, J = 84.1 Hz), 141.8 (d, J = 8.4 Hz), 141.3 (dd, J = 69.4, 8.9 Hz), 140.8 (dd, J = 9.5, 5.6 Hz),

Ph 132.7 (d, J = 10.3 Hz), 132.5 (d, J = 12.3 Hz), 132.0 — 131.8 (m), 131.7 (d, J = 11.0 Hz), 130.8 (d, J = 26.6

Hz), 128.3, 128.23 — 128.20 (m), 127.8 (d, J = 12.7 Hz), 125.5 (d, J = 12.9 Hz), 21.9 (d, J = 4.1 Hz); 3P NMR (162 MHz, CDCls)
§26.0 (d, J = 14.2 Hz), 23.7 (d, J = 14.1 Hz). HRMS (ESI) caled for C34H30,P,* [M+H]* 533.1794, found 533.1795.

4H), 7.41 — 7.34 (m, 6H), 7.26 — 7.02 (m, 12H) (overlap one peak of 7.26), 2.25 (s, 6H), 2.20 (s, 6H); *3C
NMR (101 MHz, CDCl3) 5 156.0 (d, J = 84.8 Hz), 141.9 (dd, J = 91.9, 8.6 Hz), 140.7 (d, J = 2.8 Hz) (overlap
K(P(O)P“Z one peak of 140.6), 140.6 (dd, J = 16.5, 10.3 Hz), 136.9 (d, J = 12.5 Hz), 132.3 (d, J = 10.1 Hz), 131.808 (d,
J=31.1 Hz), 131.804 (d, J = 9.8 Hz), 131.7 (d, J = 2.7 Hz), 130.7 (d, J = 35.3 Hz), 129.7 (d, J = 13.2 Hz),
128.5, 128.39 — 128.36 (m), 128.1, 128.0 (d, J = 12.6 Hz), 19.9, 19.8; 3P NMR (162 MHz, CDCls) 5 25.6 (d, J = 14.1 Hz), 18.8 (d,
J = 13.9 Hz). HRMS (ESI) caled for C3Hszs02P2* [M+H]* 561.2107, found 561.2106.

(5g) White solid (m.p.: 75 - 77 °C); 92% yield; *H NMR (400 MHz, CDCl3) & 7.60 (dd, J = 12.2, 7.4 Hz,

o—\ (5h) White solid (m.p.: 91 - 92 °C); 93% yield; *H NMR (400 MHz, CDCls) § 7.64 — 7.59 (m, 4H), 7.41
<O:<)\o/<jo —7.37 (m, 2H), 7.30 — 7.25 (m, 4H) (overlap one peak of 7.26), 7.22 — 6.98 (m, 10H), 6.79 (d, J = 2.5 Hz,
0 P 1H), 6.77 (d, J = 2.5 Hz, 1H), 5.95 — 5.94 (m, 4H); *C NMR (101 MHz, CDCl3) 4 156.3 (d, J = 84.2 Hz),
K(P(O)th 150.5 (d, J = 2.8 Hz), 147.7 (d, J = 18.7 Hz), 141.5 (dd, J = 94.3, 8.4 Hz), 140.6 (dd, J = 16.6, 10.1 Hz),

Ph 132.3(d, J =10.0 Hz), 131.8 (d, J = 2.6 Hz), 131.6 (d, J = 105.7 Hz), 128.4, 128.3 (d, J = 3.4 Hz), 128.1,

128.0 (d, J = 12.6 Hz), 127.1 (d, J = 113.5 Hz), 126.4 (d, J = 11.0 Hz), 110.7 (d, J = 12.7 Hz), 108.5 (d, J = 15.6 Hz), 101.5; 3P
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NMR (162 MHz, CDCls) § 25.3 (d, J = 14.3 Hz), 19.2 (d, J = 14.2 Hz). HRMS (ESI) calcd for C34Ha70P2" [M+H]" 593.1277,
found 593.1270.

7.30 (M, 4H), 7.14 (t, J = 7.2 Hz, 1H), 7.05 (t, J = 7.8 Hz, 2H), 6.73 (d, J = 7.4 Hz, 2H), 6.60 (dd, J = 37.4, 9.6

POPh;  Hz, 1H), 2.48 — 2.40 (m, 2H), 1.93 — 1.91 (m, 2H), 1.83 — 1.80 (m, 2H), 1.75 — 1.72 (m, 4H), 1.63 — 1.59 (m,

Ph 2H), 1.51 — 1.40 (m, 4H), 1.21 — 1.13 (m, 6H); 3C NMR (101 MHz, CDCls) 5 153.9 (d, J = 85.3 Hz), 145.5

(d, J = 68.8 Hz), 140.2 — 139.9 (m), 132.3 (d, J = 2.3 Hz), 132.0 (d, J = 9.8 Hz), 131.2 (d, J = 105.2 Hz), 128.5 — 128.4 (m), 128.1,

38.3 (d, J = 67.9 Hz), 26.7 (d, J = 3.3 Hz), 26.4 (d, J = 27.9 Hz), 26.4, 26.1 (d, J = 2.7 Hz), 25.8; >'P NMR (162 MHz, CDCl3) §
48.7,25.0 (d, J = 11.2 Hz). HRMS (ESI) calcd for C3oHag0,P,* [M+H]* 517.2420, found 517.2420.

(5i) White solid (m.p.: 118 - 120 °C); 93% yield; *H NMR (400 MHz, CDCls) § 7.52 — 7.43 (m, 6H), 7.35 —
i
A

QO )Q (5j) White solid (m.p.: 171 - 173 °C); 74% yield; *H NMR (400 MHz, CDCls) 6 7.53 — 7.48 (m, 6H), 7.38 —

P 7.34 (m, 4H), 7.15 (t, J = 7.0 Hz, 1H), 7.04 (t, J = 7.7 Hz, 2H), 6.92 — 6.80 (m, 1H), 6.70 (d, J = 7.4 Hz, 2H),

K(P(C’)th 3.16 — 3.08 (M, 2H), 1.94 — 1.46 (m, 16H); 3C NMR (101 MHz, CDCl3) & 151.1 (d, J = 87.4 Hz), 149.3 (d, J

Ph =73.8 Hz), 140.0 — 139.7 (m), 132.4 (d, J = 2.6 Hz), 132.0 (d, J = 9.6 Hz), 131.0 (d, J = 104.6 Hz), 128.9 (d, J

=3.0 Hz), 128.5 (d, J = 12.3 Hz), 128.3, 128.1, 38.9 (d, J = 70.9 Hz), 27.8 (d, J = 1.3 Hz), 26.7 (d, J = 10.4 Hz), 26.6, 26.1 (d, J =

10.5 Hz); 3P NMR (162 MHz, CDCls) 5 49.1 (d, J = 12.0 Hz), 24.7 (d, J = 12.4 Hz). HRMS (ESI) caled for C30H3s0,P," [M+H]*
489.2107, found 489.2105.

(6a) White solid (m.p.: 87 - 89 °C); 89% yield; 'H NMR (400 MHz, CDCl3) § 7.72 — 7.61 (m, 8H), 7.48 —

Ph,(O)P Q 7.37 (m, 8H), 7.30 — 7.26 (m, 4H) (overlap one peak of 7.26), 7.25 — 7.06 (m, 6H); *C NMR (101 MHz,

\\(K@ CDCls) 6 157.1 (d, J = 84.2 Hz), 141.1 (dd, J = 92.9, 8.1 Hz), 140.4 (dd, J = 16.6, 10.4 Hz), 134.3 (d, J = 108.5

Ph Hz), 132.4 (d, J = 10.1 Hz), 131.9 (d, J = 2.4 Hz), 131.5 (d, J = 2.1 Hz) , 131.3 (d, J = 105.6 Hz), 130.9 (d, J

=9.7 Hz), 128.5 - 128.3 (m), 128.2, 128.1 (d, J = 12.6 Hz); 3'P NMR (162 MHz, CDCl3) § 25.1 (d, J = 14.0 Hz), 18.4 (d, J = 14.0
Hz). HRMS (ESI) calced for C3,H70,P," [M+H]* 505.1481, found 505.1480.

OMe (6b) White solid (m.p.: 85 - 87 °C); 92% yield; *H NMR (400 MHz, CDCls) & 7.68 — 7.63 (m, 4H), 7.59
—7.54 (m, 4H), 7.45 — 7.41 (m, 2H), 7.38 — 7.34 (m, 4H), 7.25 — 6.99 (m, 6H), 6.75 (dd, J = 8.8, 2.2 Hz,
PhOP Yo 4H), 3.76 (s, 6H); °C NMR (101 MHz, CDCls) & 162.4 (d, J = 2.8 Hz), 158.4 (d, J = 84.7 Hz), 140.8

N P\@ (dd, J = 16.8, 9.9 Hz), 139.7 (dd, J = 94.1, 8.5 Hz), 134.8 (d, J = 108.3 Hz), 134.6 (d, J = 11.5 Hz), 131.3

OMe (d, J = 2.4 Hz), 130.7 (d, J = 9.6 Hz), 128.4 — 128.3 (m), 128.1, 122.3 (d, J = 112.3 Hz), 113.6 (d, J =
13.6 Hz), 55.2; 3P NMR (162 MHz, CDCl3) & 25.0 (d, J = 13.8 Hz), 18.0 (d, J = 13.7 Hz). HRMS (ESI) caled for C34H3 04P2*
[M+H]* 565.1692, found 565.1690.

t-Bu (6¢) Colorless oil; 97% yield; 'H NMR (400 MHz, CDCls) § 7.69 — 7.64 (m, 4H), 7.53 (dd, J = 12.0, 8.3

Hz, 4H), 7.45 — 7.41 (m, 2H), 7.38 — 7.33 (m, 4H), 7.28 — 7.25 (m, 4H) (overlap one peak of 7.26), 7.23

Ph,(OP T o —7.03 (m, 6H), 1.26 (s, 18H); **C NMR (101 MHz, CDCl3) § 157.6 (d, J = 83.7 Hz), 155.1 (d, J = 2.7
P/

N \©\ Hz),140.7 (dd, J = 16.6, 9.8 Hz) (overlap one peak of 140.4), 140.4 (dd, J =93.7, 8.1 Hz), 134.4 (d, J =

Fh +Bu 108.4 Hz), 132.3 (d, J = 10.5 Hz), 131.4 (d, J = 2.4 Hz), 130.9 (d, J = 9.8 Hz), 128.4 - 128.3 (m), 128.1
(d, J=108.1 Hz), 128.0, 125.0 (d, J = 12.8 Hz), 34.9, 31.1; 3P NMR (162 MHz, CDCls) § 25.4 (d, J = 14.5 Hz), 18.6 (d, J = 13.3
Hz). HRMS (ES]I) calcd for C4H430,P," [M+H]" 617.2733, found 617.2730.
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F (6d) White solid (m.p.: 72 - 74 °C); 85% yield; *H NMR (400 MHz, CDCl3) § 7.77 — 7.70 (m, 4H), 7.61 —

7.56 (m, 4H), 7.47 — 7.43 (m, 2H), 7.40 — 7.36 (m, 4H), 7.28 — 7.05 (m, 6H) (overlap one peak of 7.26),

o 6.94 (td, J = 8.8, 2.2 Hz, 4H); 3C NMR (101 MHz, CDCls)  165.1 (dd, J = 254.6, 3.3 Hz), 157.2 (d, J =

N \©\ 85.7 Hz), 140.4 (dd, J = 16.5, 9.5 Hz), 140.2 (dd, J = 92.5, 9.3 Hz), 135.2 (dd, J = 11.7, 9.0 Hz), 134.0 (d,

Ph F J=107.9 Hz), 131.7 (d, J = 2.4 Hz), 130.6 (d, J = 9.7 Hz), 128.7, 128.6 (d, J = 12.4 Hz), 128.3, 127.1 (dd,

J =109.4, 3.0 Hz), 115.4 (dd, J = 21.5, 14.0 Hz); 3P NMR (162 MHz, CDCls) § 24.5 (d, J = 14.7 Hz), 17.4 (d, J = 14.2 Hz); *°F
NMR (376 MHz, CDCls) 6 -106.5 (d, J = 9.1 Hz). HRMS (ESI) calcd for C3,HasF200P,* [M+H]" 541.1292, found 541.1296.

OCFy (6e) White solid (m.p.: 120 - 122 °C); 58% yield; *H NMR (400 MHz, CDCls) § 7.80 (dd, J = 11.8, 8.6
Hz, 4H), 7.57 (dd, J = 12.1, 7.2 Hz, 4H), 7.48 (t, J = 7.5 Hz, 2H), 7.40 (td, J = 7.6, 3.0 Hz, 4H), 7.30 -
Ph,(O)P 0 7.14 (m, 6H) (overlap one peak of 7.26), 7.10 (d, J = 7.0 Hz, 4H); *C NMR (101 MHz, CDCl3) § 156.5

N P\Q (d, J = 86.0 Hz), 152.0 (g, J = 1.5 Hz), 140.3 (dd, J = 91.8, 9.5 Hz), 140.2 (dd, J = 16.4, 9.3 Hz), 134.6

Fh OCF;  (d,J=11.5 Hz), 133.6 (d, J = 107.7 Hz), 131.8 (d, J = 2.7 Hz), 130.6 (d, J = 9.8 Hz), 129.8 (d, J = 108.0
Hz), 128.8, 128.6 (d, J = 12.4 Hz), 128.4, 128.3 (d, J = 3.5 Hz), 120.3 (q, J = 259.7 Hz), 119.9 (d, J = 13.5 Hz); 3P NMR (162
MHz, CDCl3) & 24.2 (d, J = 14.8 Hz), 17.3 (d, J = 14.6 Hz); 1*F NMR (376 MHz, CDCl3) 8 -57.5. HRMS (ESI) calcd for
Ca4HasFeO4Py* [M+H]" 673.1127, found 673.1128.

(6f) White solid (m.p.: 85 - 86 °C); 98% yield; 'H NMR (400 MHz, CDCl3) & 7.71 (dd, J = 12.1, 7.6 Hz,
: o 4H), 7.44 — 7.25 (m, 11H) (overlap one peak of 7.26), 7.19 — 7.10 (m, 7H), 6.97 (dd, J = 7.2, 4.2 Hz, 2H),
P“Z(O)P\#P@ 2.36 (s, 6H); 3C NMR (101 MHz, CDCls) 8 155.7 (d, J = 82.8 Hz), 143.2 (d, J = 7.7 Hz), 142.2 (dd, J =

94.0, 7.8 Hz), 140.4 (dd, J = 16.6, 9.8 Hz), 133.8 (d, J = 13.8 Hz), 132.9 (d, J = 108.0 Hz), 132.0 (d, J = 2.6
Hz), 131.5 — 131.4 (m), 129.7 (d, J = 104.3 Hz), 128.5, 128.4 (d, J = 3.6 Hz), 128.1 - 127.9 (m), 125.0 (d, J = 13.6 Hz), 21.8 (d, J =
4.3 Hz); *P NMR (162 MHz, CDCls) & 33.9 (d, J = 14.4 Hz), 21.2 (d, J = 14.6 Hz). HRMS (ESI) caled for C34Hs,0,P,* [M+H]*
533.1794, found 533.1793.

(6g) Colorless oil; 90% yield; *H NMR (400 MHz, CDCl3) & 7.71 — 7.66 (m, 4H), 7.46 — 7.35 (m, 10H), 7.25
- q —7.04 (m, 10H), 2.21 (s, 6H); *C NMR (101 MHz, CDCls) 5 157.1 (d, J = 83.5 Hz), 140.8 (dd, J = 101.7, 8.4
g( Z Hz), 140.6 (dd, J = 16.7, 10.0 Hz), 137.8 (d, J = 12.4 Hz), 134.3 (d, J = 108.3 Hz), 132.8 (d, J = 9.7 Hz), 132.6
\Q (d, J = 2.8 Hz), 131.4 (d, J = 2.7 Hz), 131.3 (d, J = 105.1 Hz), 131.0 (d, J = 9.9 Hz), 129.6 (d, J = 10.4 Hz),
128.5 - 128.3 (M), 128.1, 127.9 (d, J = 13.4 Hz), 21.4; 3'P NMR (162 MHz, CDCls) 5 25.3 (d, J = 13.8 Hz),

18.5 (d, J = 13.8 Hz). HRMS (ESI) caled for C34H30,P,* [M+H]* 533.1794, found 533.1792.

F (6h) White solid (m.p.: 65 - 66 °C); 83% yield; *H NMR (400 MHz, CDCls) § 7.66 — 7.61 (m, 4H), 7.49 —

Phy(O)P q 7.45 (m, 4H), 7.42 — 7.34 (m, 6H), 7.30 — 7.05 (m, 10H) (overlap one peak of 7.26); 1*C NMR (101 MHz,
g(P” CDCls) 8 162.1 (dd, J = 250.8, 17.9 Hz), 155.7 (d, J = 86.3 Hz), 141.4 (dd, J = 91.6, 9.0 Hz), 140.1 (dd, J =

Ph \© 16.4, 9.9 Hz), 134.0 (dd, J = 105.7, 5.8 Hz), 133.6 (d, J = 108.2 Hz), 131.8 (d, J = 2.6 Hz), 130.8 (d, J = 9.7

F Hz), 130.0 (dd, J = 14.7, 7.3 Hz), 128.8, 128.6 (d, J = 12.4 Hz), 128.33, 128.25 (d, J = 3.5 Hz), 128.1 (dd, J =

9.6, 3.1 Hz), 119.3 — 119.0 (m); *P NMR (162 MHz, CDCl3) § 23.3 (dt, J = 13.4, 6.7 Hz), 17.9 (d, J = 14.9 Hz); *°*F NMR (376

MHz, CDCl3) 6 -111.2 (d, J = 5.6 Hz). HRMS (ESI) caled for C3,HasF,0,P," [M+H]* 541.1292, found 541.1292.

Phy(O)P =7.3,1.1 Hz, 2H), 7.45-7.37 (m, 6H), 7.31 — 7.12 (m, 8H) (overlap one peak of 7.26); *C NMR (101 MHz,
g(P CDClz) 6 155.4 (d, J = 86.1 Hz), 141.3 (dd, J = 91.3, 9.3 Hz), 140.1 (dd, J = 16.6, 9.7 Hz), 134.6 (d, J = 16.5

Ph Hz), 133.9 (d, J = 104.6 Hz), 133.3 (d, J = 107.9 Hz), 132.12, 132.08 (d, J = 14.0 Hz), 131.9 (d, J = 2.7 Hz),

¢l 130.8(d,J=9.7 Hz), 130.5 (d, J = 9.9 Hz), 129.5 (d, J = 13.8 Hz), 128.8, 128.6 (d, J = 12.4 Hz), 128.4, 128.3

Cl (6i) White solid (m.p.: 65 - 66 °C); 70% yield; *H NMR (400 MHz, CDCls) § 7.71 — 7.58 (m, 8H), 7.50 (td, J
0
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(d, J = 3.8 Hz); 3'P NMR (162 MHz, CDCls) § 23.6 (d, J = 14.8 Hz), 17.9 (d, J = 14.9 Hz). HRMS (ESI) calcd for C3HasCl,O,Py*
[M+H]* 573.0701, found 573.0700.

o\ (6j) White solid (m.p.: 97 - 99 °C); 95% yield; *H NMR (400 MHz, CDCls) § 7.65 (dd, J = 12.1, 7.3 Hz,
© 4H), 7.46 — 7.37 (m, 6H), 7.27 — 7.00 (m, 10H) (overlap one peak of 7.26), 6.69 (dd, J = 8.1, 2.4 Hz, 2H),
PhaOP T o 5.92 (d, J = 1.7 Hz, 4H); ®°C NMR (101 MHz, CDCl3) § 157.8 (d, J = 85.8 Hz), 150.9 (d, J = 2.9 Hz), 147.5
~" (d, J=19.1 Hz), 140.5 (dd, J = 16.5, 9.9 Hz), 140.2 (dd, J = 93.3, 8.6 Hz), 134.3 (d, J = 108.4 Hz), 131.5
Ph o (d,J=25Hz),130.7 (d, J = 9.8 Hz), 128.6, 128.5 - 128.2 (m), 124.0 (d, J = 111.1 Hz), 112.0 (d, J = 13.0
o—/

Hz), 108.3 (d, J = 15.9 Hz), 101.5; 3!P NMR (162 MHz, CDCls) § 25.8 (d, J = 14.2 Hz), 18.2 (d, J = 14.3
Hz). HRMS (ESI) calcd for C34Ha706P2* [M+H]* 593.1277, found 593.1278.

7.91 (s, 2H), 7.53 — 7.46 (m, 6H), 7.43 — 7.24 (m, 10H) (overlap one peak of 7.26); 3C NMR (101 MHz,
\Q/ CDCl3) 6 153.6 (d, J = 88.9 Hz), 142.4 (dd, J = 88.7, 9.9 Hz), 139.1 (dd, J = 16.0, 9.5 Hz), 135.3 (d, J =

CF,
Ph,(O)P
\\Y

Ph

\Q/CFB (6k) White solid (m.p.: 70 - 71 °C); 60% yield; *H NMR (400 MHz, CDCls) & 8.29 (d, J = 12.2 Hz, 4H),
0
P CF3

107.4 Hz), 132.5, - 132.4 (m), 131.8 (d, J = 107.6 Hz), 131.7 (g, J = 34.2 Hz), 131.5 (q, J = 34.2 Hz),
CFs 1305 (d, J = 10.0 Hz), 129.5, 128.9 (d, J = 12.5 Hz), 128.8, 128.3 (d, J = 3.8 Hz), 125.9 (g, J = 3.1 Hz),
122.7 (q, J = 274.2 Hz); P NMR (162 MHz, CDCls) § 23.8 (d, J = 15.9 Hz), 18.6 (d, J = 15.1 Hz); °F NMR (376 MHz, CDCls)
§ -62.9. HRMS (ESI) caled for C3sHasF1202P,* [M+H]* 777.0976, found 777.0977.

(61) Colorless oil; 86% yield; *H NMR (400 MHz, CDCls) 5 7.69 — 7.64 (m, 4H), 7.45 — 7.30 (m, 10H), 7.24
~7.01 (m, 8H), 2.21 (s, 6H), 2.11 (s, 6H); 3C NMR (101 MHz, CDCl3) & 157.8 (d, J = 83.3 Hz), 140.9 —
Phao o 140.7 (m) (overlap one peak of 140.2), 140.2 (dd, J = 94.2, 8.3 Hz), 136.4 (d, J = 12.9 Hz), 134.6 (d, J =
‘\(P/ 108.4 Hz), 133.4 (d, J = 10.1 Hz), 131.2 (d, J = 2.7 Hz), 130.9 (d, J = 9.8 Hz), 130.3 (d, J = 10.5 Hz), 129.2
Ph \Q\ (d, J = 13.5 Hz), 128.5 (d, J = 3.2 Hz), 128.36 (d, J = 107.3 Hz), 128.35 128.2 (d, J = 12.4 Hz), 128.0, 19.9,
19.7; 3P NMR (162 MHz, CDCls) § 25.6 (d, J = 13.4 Hz), 18.5 (d, J = 13.9 Hz). HRMS (ESI) calcd for

Ca6H3502P* [M+H]* 561.2107, found 561.2108.

(6m) White solid (m.p.: 200 - 202 °C); 91% vield; *H NMR (400 MHz, CDCl) & 7.72 (dd, J = 11.9, 7.3 Hz,

Phy(O)P Q) 4H), 7.57 — 7.47 (m, 6H), 7.37 — 7.31 (m, 5H), 6.79 (dd, J = 31.9, 22.0 Hz, 1H), 3.34 — 3.25 (m, 2H), 1.97 —

‘\("/ 1.91 (m, 4H), 1.79 — 1.56 (m, 10H), 1.41 — 1.32 (m, 2H); *°C NMR (101 MHz, CDCls) & 160.6 (dd, J = 65.2,

Ph 1.8 Hz), 141.8 (dd, J = 18.0, 5.7 Hz), 133.5 (dd, J = 95.3, 10.1 Hz), 133.2 (d, J = 107.2 Hz), 132.2 (d, J = 2.7

Hz), 130.9 (d, J = 9.6 Hz), 128.9 (d, J = 12.2 Hz), 128.7 (d, J = 2.5 Hz), 128.5, 127.9, 39.5 (d, J = 68.7 Hz), 27.7 (d, J = 2.0 Hz),

26.7 (d, J = 10.5 Hz), 26.3, 25.8 (d, J = 11.4 Hz); 3P NMR (162 MHz, CDCl3) § 46.9 (d, J = 13.0 Hz), 18.6 (d, J = 12.1 Hz). HRMS
(ESI) caled for C30H3s0,P,* [M+H]* 489.2107, found 489.2105.

(6n) White solid (m.p.: 250 - 251 °C); 91% yield; *H NMR (400 MHz, CDCls)  7.72 (dd, J = 11.9, 7.1 Hz,

PRy (0P g 4H), 7.55 — 7.46 (m, 6H), 7.34 — 7.29 (m, 5H), 6.84 (dd, J = 31.2, 22.4 Hz, 1H), 2.97 — 2.89 (m, 2H), 2.08 —

‘\(P/\O 2.05 (M, 2H), 1.76 — 1.74 (m, 4H), 1.65 — 1.43 (m, 8H), 1.33 — 1.23 (m, 2H), 1.19 — 1.09 (m, 2H), 0.98 — 0.89

Ph (m, 2H); 3C NMR (101 MHz, CDCls) 3 158.6 (dd, J = 61.5, 1.8 Hz), 141.8 (dd, J = 18.0, 5.5 Hz), 134.0 (dd,

J=955,9.1Hz), 133.2 (d, J = 106.8 Hz), 132.2 (d, J = 2.7 Hz), 130.9 (d, J = 9.6 Hz), 129.0 (d, J = 12.3 Hz), 128.8 (d, J = 2.6 Hz),

128.5, 127.9, 39.2 (d, J = 64.3 Hz), 26.6 (d, J = 3.8 Hz), 26.4 - 26.3 (m), 26.2 (d, J = 3.7 Hz), 25.7; 3P NMR (162 MHz, CDCl;) 3
50.7 (d, J = 11.8 Hz), 18.3 (d, J = 11.9 Hz). HRMS (ESI) calcd for C3,Hz00,P,* [M+H]* 517.2420, found 517.2416.
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(60) White solid (m.p.: 158 - 159 °C); 99% yield; *H NMR (400 MHz, CDCls) & 7.74 — 7.68 (m, 4H), 7.55 — 7.44

o (O)P\H (m, 6H), 7.36 — 7.28 (m, 5H), 6.82 (dd, J = 32.7, 21.6 Hz, 1H), 2.65 — 2.55 (m, 2H), 2.31 — 2.20 (M, 2H), 1.74 —
2 pe]

\\(F’QS 1.61 (m, 2H), 1.47 — 1.36 (m, 2H), 1.32 — 1.11 (m, 4H) (overlap one peak of 1.26), 0.77 (t, J = 7.3 Hz, 6H); 3C

Ph NMR (101 MHz, CDCl3) & 159.0 (dd, J = 67.1, 1.3 Hz), 141.4 (dd, J = 17.7, 6.3 Hz), 134.6 (dd, J = 94.1, 9.9 Hz),
133.1 (d, J = 107.2 Hz), 132.2 (d, J = 2.7 Hz), 130.9 (d, J = 9.6 Hz), 128.9 (d, J = 12.2 Hz), 128.6, 128.5 (d, J =
2.6 Hz), 128.0, 31.0 (d, J = 66.9 Hz), 24.1 (d, J = 16.1 Hz), 23.9 (d, J = 4.7 Hz), 13.6; 3P NMR (162 MHz, CDCls) § 44.2 (d, J =

12.3 Hz), 18.4 (d, J = 13.7 Hz). HRMS (ESI) calcd for CosH3s0,P," [M+H]" 461.2107, found 461.2108.

pngop Y (6P) White solid (m.p.: 150 - 151 °C); 89% yield; 'H NMR (400 MHz, CDCIs) 5 7.73 — 7.68 (m, 4H), 7.55 -

‘\(P” 7.45 (m, 6H), 7.38 — 7.28 (m, 5H), 6.85 (dd, J = 31.5, 21.9 Hz, 1H), 3.21 — 3.12 (m, 2H), 1.29 (dd, J = 15.6, 7.0

Ph Hz, 6H), 1.10 (dd, J = 16.8, 7.3 Hz, 6H); *C NMR (101 MHz, CDCls) 5 158.9 (d, J = 63.2 Hz), 141.7 (dd, J =

18.0, 5.7 Hz), 134.2 (dd, J = 94.9, 9.2 Hz), 132.9 (d, J = 107.2 Hz), 132.2 (d, J = 2.7 Hz), 130.9 (d, J = 9.7 Hz), 129.0 (d, J = 12.2

Hz), 128.8 (d, J = 2.6 Hz), 128.6, 128.0, 29.2 (d, J = 64.1 Hz), 17.5 (d, J = 3.9 Hz), 16.5 (d, J = 3.6 Hz); 3P NMR (162 MHz,
CDCls) § 54.9, 19.0 (d, J = 11.5 Hz). HRMS (ESI) caled for Ca6H310,P,* [M+H]* 437.1794, found 437.1796.

(6g) Colorless oil; 88% vield; 'H NMR (400 MHz, CDCls) & 7.80 — 7.75 (m, 2H), 7.71 — 7.66 (m, 2H), 7.55
Ph,(O)P Q//O ~7.26 (m, 14H) (overlap one peak of 7.26), 7.16 — 7.14 (m, 2H), 6.86 (dd, J = 33.9, 20.1 Hz, 1H), 3.45 — 3.37
~" (m, 1H), 2.05 — 1.91 (m, 1H), 1.89 — 1.77 (m, 3H), 1.66 — 1.60 (m, 2H), 1.58 — 1.51 (m, 2H); 3C NMR (101

Ph MHz, CDCl3) § 158.9 (d, J = 74.6 Hz), 140.8 (dd, J = 17.3, 8.8 Hz), 138.4 (dd, J = 94.0, 8.6 Hz), 134.5(d, J =

107.9 Hz), 134.2 (d, J = 108.7 Hz), 132.7 (d, J = 96.5 Hz), 132.1 (d, J = 9.5 Hz), 131.6 (d, J = 2.5 Hz), 131.5 (d, J = 2.3 Hz), 131.4
(d, J = 2.4 Hz), 131.0 (d, J = 9.7 Hz), 130.7 (d, J = 9.8 Hz), 128.6 (d, J = 12.3 Hz), 128.5 - 128.1 (m), 128.0, 35.4 (d, J = 74.2 Hz),
27.0 - 26.9 (M), 26.5, 26.4; 3P NMR (162 MHz, CDCls) & 35.8 (d, J = 13.2 Hz), 18.3 (d, J = 13.5 Hz). HRMS (ESI) calcd for
C31H310:P,* [M+H]* 497.1794, found 497.1793.

F F (7a) White solid (m.p.: 196 - 198 °C); 84% vield; 'H NMR (400 MHz, CDCl) & 7.59 — 7.53 (m, 4H), 7.18

\Qﬁ/g/ ~7.01 (m, 7H), 6.81 — 6.77 (m, 2H), 6.60 (dd, J = 38.3, 9.6 Hz, 1H), 2.36 — 2.29 (m, 2H), 1.88 — 1.43 (m,

o NP(O)CY2  14H), 1.21 - 1.09 (M, 6H); *C NMR (101 MHz, CDCls) 8 165.1 (dd, J = 255.3, 2.9 Hz), 153.6 (d, J = 88.4

Hz), 145.2 (d, J = 70.0 Hz), 140.2 — 139.9 (m), 134.7 — 134.5 (m), 128.5,128.2, 127.6 (dd, J = 108.6, 3.1

Hz), 115.7 (dd, J = 21.5, 13.6 Hz), 38.3 (d, J = 67.4 Hz), 26.6 — 26.0 (M), 25.8; 3P NMR (162 MHz, CDCl3) 5 47.6, 23.2 — 23.0
(m); °F NMR (377 MHz, CDCls) & -105.8. HRMS (ESI) calcd for Cx2Hs7F20,Py" [M+H]* 553.2231, found 553.2235.

cr0 ocr.  (7b) Colorless oil; 89% yield; 'H NMR (400 MHz, CDCls) § 7.71 (dd, J = 11.4, 8.5 Hz, 4H), 7.25 —

\@9 7.21 (m, 5H), 7.17 (t, J = 7.3 Hz, 2H), 6.90 (d, J = 7.4 Hz, 2H), 6.63 (dd, J = 38.4, 12.7 Hz, 1H), 2.21

I ~2.12 (m, 2H), 1.88 — 1.85 (m, 2H), 1.80 — 1.74 (m, 6H), 1.66 — 1.64 (m, 2H), 1.42 — 1.38 (m, 4H),

1.22 — 1.12 (m, 6H); *C NMR (101 MHz, CDCls) § 153.2 (d, J = 88.6 Hz), 151.0 (g, J = 1.6 Hz),

143.2 (dd, J = 72.3, 8.9 Hz), 139.3 (dd, J = 13.9, 11.4 Hz), 133.2 (d, J = 11.0 Hz), 129.6 (d, J = 107.4 Hz), 127.5, 127.4 (d, J = 3.3

Hz), 127.3, 119.3 (g, J = 259.9 Hz), 119.2 (d, J = 13.3 Hz), 37.0 (d, J = 67.7 Hz), 25.5 — 25.2 (m), 24.9 (d, J = 3.0 Hz), 24.8; 3P

NMR (162 MHz, CDCls) § 45.6 (d, J = 9.1 Hz), 22.7 (d, J = 12.1 Hz); *°F NMR (377 MHz, CDCls) § -57.7. HRMS (ESI) calcd for
Ca4Ha7FeO4Py* [M+H]" 685.2066, found 685.2065.

P
o AP (OCY2

g 4H), 7.14 — 7.11 (m, 5H), 7.02 (t, J = 7.7 Hz, 2H), 6.71 (d, J = 7.7 Hz, 2H), 6.60 (dd, J = 37.6, 4.4 Hz, 1H),

A2 9 78 22,69 (m, 2H), 2.29 (s, 6H), 1.98 — 1.95 (m, 2H), 1.84 — 1.81 (m, 2H), 1.75 — 1.68 (m, 4H), 1.50 — 1.48
(m, 6H), 1.29 — 1.15 (m, 6H); 13C NMR (101 MHz, CDCls) 5 152.5 (d, J = 88.3 Hz), 147.3 (d, J = 74.8 Hz), 142.8 (d, J = 2.7 Hz),
140.0 - 139.8 (m), 132.1 (d, J = 10.0 Hz), 129.1 (d, J = 12.6 Hz), 128.8 (d, J = 3.0 Hz), 128.3, 128.0, 127.7 (d, J = 106.8 Hz), 38.8

\QO /O/ (7¢) White solid (m.p.: 173 - 175 °C); 95% yield; *H NMR (400 MHz, CDCls) & 7.34 (dd, J = 11.7, 8.0 Hz,
Ph
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(d, J=67.1 Hz), 26.9 (d, J = 3.6 Hz), 26.5— 26.2 (M), 25.9, 21.6; 3:P NMR (162 MHz, CDCls) § 51.1, 24.4 (d, J = 10.3 Hz). HRMS
(ESI) caled for C34Has02P5* [M+H]* 545.2733, found 545.2730.

cl (7d) Colorless oil; 95% yield; *H NMR (400 MHz, CDCls) § 7.64 (d, J = 12.5 Hz, 2H), 7.46 — 7.41 (m,
/@o 4H), 7.31 (td, J = 7.7, 3.5 Hz, 2H), 7.23 (d, J = 7.1 Hz, 1H), 7.18 (t, J = 7.4 Hz, 2H), 6.91 (d, J = 7.4 Hz,
cl B 2H), 6.65 (dd, J = 38.6, 13.1 Hz, 1H), 2.22 — 2.14 (m, 2H), 1.92 — 1.89 (m, 2H), 1.82 — 1.76 (m, 6H), 1.69

pANOC: e (m, 2H), 1.48 — 1.39 (M, 4H), 1.27 — 1.17 (m, 6H): 2*C NMR (101 MHz, CDCls) & 153.9 (d, J =
88.2 Hz), 144.5 (dd, J = 71.9, 8.7 Hz), 140.0 (dd, J = 13.7, 11.7 Hz), 134.8 (d, J = 16.4 Hz), 134.1 (d, J = 104.4 Hz), 132.3 (d, J =
2.3 Hz), 131.8 (d, J = 10.8 Hz), 130.0 (d, J = 9.3 Hz), 129.8 (d, J = 13.5 Hz), 128.6, 128.38 — 128.35 (m), 37.9 (d, J = 67.8 H2),
26.6 — 26.3 (m), 25.9 (d, J = 3.0 Hz), 25.8; *P NMR (162 MHz, CDCl3) & 46.1, 22.9 (d, J = 11.9 Hz). HRMS (EST) caled for
C32H3/CLOPs* [M+H]" 585.1640, found 585.1641.

(7€) White solid (m.p.: 75 - 77 °C); 85% yield; *H NMR (400 MHz, CDCls) § 7.41 — 7.34 (m, 6H), 7.27 —

Q@@ 7.17 (m, 5H), 6.92 (d, J = 7.5 Hz, 2H), 6.71 (dd, J = 38.6, 11.8 Hz, 1H), 2.35 — 2.27 (m, 2H), 1.98 — 1.70

: (m, 10H), 1.56 — 1.45 (m, 4H), 1.31 — 1.20 (m, 6H); 3C NMR (101 MHz, CDCls) § 162.2 (dd, J = 251.3,

17.5 Hz), 153.4 (d, J = 86.8 Hz), 145.4 (d, J = 68.1 Hz), 140.1 — 139.9 (m), 134.4 (dd, J = 105.1, 5.6 Hz),

130.3 (dd, J = 14.5, 7.4 Hz), 128.6, 128.4 — 128.3 (m), 127.7 (dd, J = 9.1, 2.9 Hz), 119.3 (d, J = 21.2 Hz), 118.8 (dd, J = 22.8, 10.6

Hz), 38.0 (d, J = 67.9 Hz), 26.6 — 26.3 (M), 25.9 (d, J = 2.4 Hz), 25.8; *'P NMR (162 MHz, CDCl5) § 46.2, 22.4; 9F NMR (377
MHz, CDCls) § -110.9. HRMS (ESI) caled for C3,Hs7F20,P," [M+H]" 553.2231, found 553.2232.

(O)Cy2

7.28 —7.15 (m, 7H) (overlap one peak of 7.26), 7.07 (t, J = 6.8 Hz, 2H), 6.75 - 6.73 (m, 2H), 6.70 — 6.60 (m,

1H), 2.75 - 2.70 (m, 2H), 2.27 (s, 6H), 2.02 — 1.98 (m, 2H), 1.84 — 1.53 (m, 12H), 1.32 — 1.14 (m, 6H); *3C

NMR (101 MHz, CDCls) 6 152.4 (d, J = 87.2 Hz), 147.5 (d, J = 73.2 Hz), 140.1 — 139.8 (m), 138.3 (d, J =
12.2 Hz), 133.0 (d, J = 2.8 Hz), 132.6 (d, J = 9.5 Hz), 130.9 (d, J = 103.9 Hz), 129.2 (d, J = 9.8 Hz), 128.9 (d, J = 3.2 Hz), 128.3,
128.1, 128.0, 38.8 (d, J = 67.0 Hz), 26.9 (d, J = 3.7 Hz), 26.5 (d, J = 13.6 Hz), 26.4, 26.3 (d, J = 8.9 Hz), 25.9, 21.4; 3'P NMR (162
MHz, CDCls) § 50.4, 24.5 (d, J = 11.3 Hz). HRMS (ESI) calcd for C34H430,P," [M+H]" 545.2733, found 545.2729.

(7f) White solid (m.p.: 153 - 155 °C); 80% yield; 'H NMR (400 MHz, CDCls) & 7.38 (d, J = 12.5 Hz, 2H),
ot

(O)Cy2

. (79) White solid (m.p.: 284 - 286 °C); 90% yield; *H NMR (400 MHz, CDCls) 5 7.46 — 6.89 (m, 14H) (overlap

9@ one peak of 7.26), 3.67 — 3.59 (m, 2H), 2.59 — 2.47 (m, 2H), 1.94 — 0.76 (m, 32H); *°C NMR (101 MHz, CDCl)

Lo P\ by, ©1545,1525(d,J=85.6 Hz), 1489 (dd, J = 73.0, 6.9 Hz), 140.0 - 139.8 (m), 133.4 (d, J = 14.4 Hz), 132.5,

130.2 (d, J = 103.3 Hz), 128.6 (d, J = 3.7 Hz), 128.2, 127.6, 127.1, 125.2, 38.1 (d, J = 66.5 Hz), 31.8 (d, J =

4.8 Hz), 26.6 — 22.9 (m); 3P NMR (162 MHz, CDCl3) & 50.9 (d, J = 6.1 Hz), 35.1 (d, J = 10.6 Hz). HRMS (ESI) caled for
CssHs10.Py" [M+H]* 601.3359, found 601.3369.

—2.44 (m, 8H), 1.95 — 1.91 (m, 2H), 1.78 — 1.72 (m, 2H), 1.69 — 1.65 (m, 2H), 1.55 — 1.45 (m, 8H), 1.15 — 1.03

©2 " (m, 4H), 0.78 — 0.62 (m, 2H); *C NMR (101 MHz, CDCls) § 152.1 (d, J = 85.8 Hz), 148.7 (d, J = 72.7 Hz),

143.0 (d, J = 7.8 Hz), 140.0 (dd, J = 13.5, 12.1 Hz), 133.2 (d, J = 13.4 Hz), 132.2 (d, J = 2.5 Hz), 131.8 (d, J = 10.7 Hz), 130.3 (d,

J=102.9 Hz), 128.4 (d, J = 3.7 Hz), 128.2, 127.8, 125.4 (d, J = 13.2 Hz), 38.4 (d, J = 66.8 Hz), 26.6 (d, J = 3.7 Hz), 26.4 — 26.0

(m), 25.8, 21.7 (d, J = 4.2 Hz); 3P NMR (162 MHz, CDCls) & 49.7, 34.2 (d, J = 10.8 Hz). HRMS (ESI) calcd for C34Ha30.P5"
[M+H]* 545.2733, found 545.2734.

@ I) (7h) Colorless oil; 86% yield;*H NMR (400 MHz, CDCls) 8 7.34 — 7.26 (m, 4H), 7.16 — 6.91 (m, 10H), 2.52
1
0)
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(7i) White solid (m.p.: 130 - 132 °C); 70% yield; *H NMR (400 MHz, CDCls) § 7.32 (d, J = 12.2 Hz, 2H),

:@Lﬁ? 7.21-7.07 (m, TH), 6.75 (d, J = 7.5 Hz, 2H), 6.65 (dd, J = 37.5, 3.5 Hz, 1H), 2.91 — 2.83 (m, 2H), 2.27 (s,
I iy, BH)220(s 6H), 2,05 2,02 (m, 2H), 1.93 ~ 1.88 (m, 2H), 182 174 (m, 4H), 1.6 ~ 153 (m, 6H), 1.33
A Y2
Ph

~1.23 (m, 6H); 3C NMR (101 MHz, CDCls) 5 151.7 (d, J = 87.1 Hz), 146.0 (dd, J = 72.4, 6.3 Hz), 140.5
(d, J = 2.8 Hz), 138.9 (t, J = 13.3 Hz), 136.0 (d, J = 12.5 Hz), 132.1 (d, J = 9.9 Hz), 128.7 (d, J = 9.8 Hz), 128.6 (d, J = 13.0 Hz),
128.0 (d, J = 3.1 Hz), 127.2, 126.91, 126.88 (d, J = 106.1 Hz), 37.9 (d, J = 67.0 Hz), 25.9 (d, J = 3.7 Hz), 25.6 — 25.3 (m), 24.9,
19.0, 18.7; *P NMR (162 MHz, CDCl3) § 52.3, 24.5 (d, J = 11.3 Hz). HRMS (ESI) calcd for C3sH470,P,* [M+H]* 573.3046, found
573.3044.

CFs  CF (7j) White solid (m.p.: 218 - 219 °C); 72% yield; H NMR (400 MHz, CDCl5) & 8.10 (d, J = 11.9 Hz,

/@O/Q 4H), 7.90 (s, 2H), 7.26 — 7.21 (M, 3H), 7.03 — 7.01 (m, 2H), 6.78 (dd, J = 39.4, 20.1 Hz, 1H), 1.81 — 1.68

CF3 p CFs  (m, 12H), 1.30 — 1.17 (m, 10H): ®C NMR (101 MHz, CDCls) & 154.8 (d, J = 91.2 Hz), 142.9 (dd, J =
PN

Ph 70.4, 9.9 Hz), 140.1 (dd, J = 13.9, 11.2 Hz), 137.0 (d, J = 106.9 Hz), 132.2 — 131.0 (m), 128.8 — 128.7
(m), 127.8 (d, J = 3.8 Hz), 125.4 — 125.2 (m), 122.7 (q, J = 274.2 Hz), 36.8 (d, J = 68.0 Hz), 26.5 — 26.1 (M), 25.6, 25.3 (d, J = 2.9
Hz); 3'P NMR (162 MHz, CDCls) § 42.6 (d, J = 9.0 Hz), 20.4 (d, J = 12.6 Hz); 1°F NMR (377 MHz, CDCls) 5 -63.0. HRMS (ESI)

calcd for C3gHssF120.P>" [M+H]" 789.1915, found 789.1900.

P\ (7K) White solid (m.p.: 154 - 156 °C); 96% yield; *H NMR (400 MHz, CDCls) 8 7.19 ~7.16 (m, 1H), 7.11

<Ojil9/<j —7.02 (m, 4H), 6.84 (dd, J = 11.4, 1.2 Hz, 2H), 6.79 — 6.75 (m, 4H), 6.60 (dd, J = 38.0, 6.1 Hz, 1H), 5.94

o p (s, 4H), 2.67 — 2.55 (m, 2H), 1.97 — 1.92 (m, 2H), 1.83 — 1.72 (m, 6H), 1.62 — 1.47 (m, 6H), 1.24 — 1.11

P 092 BH): 13C NMR (101 MHz, CDCla) 5 152.8 (d, J = 89.6 Hz), 151.1 (d, J = 2.8 Hz), 147.9 (d, J = 18.6

Hz), 146.7 (d, J = 79.6 Hz), 140.2 — 139.9 (m), 128.7 (d, J = 2.8 Hz), 128.4, 128.1, 127.7 (d, J = 10.9 Hz), 124.0 (d, J = 109.9

Hz), 111.4 (d, J = 12.6 Hz), 108.6 (d, J = 15.5 Hz), 101.8, 38.6 (d, J = 67.2 Hz), 26.8 (d, J = 3.5 Hz), 26.5 — 26.3 (m), 25.8; 1P
NMR (162 MHz, CDCls) 8 50.4, 24.4. HRMS (ESI) calcd for CssHzsOgPs* [M+H]' 605.2217, found 605.2209.

Cyz

Od.’ /Q (71) White solid (m.p.: 272 - 274 °C); 90% yield; *H NMR (400 MHz, CDCl) & 7.29 (s, 5H), 6.17 — 6.00 (m,

p 1H), 3.14 — 3.03 (m, 2H), 1.96 — 1.75 (m, 18H), 1.72 — 1.36 (m, 15H), 1.22 — 1.18 (m, 5H); *°C NMR (101
MHz, CDCls) 5 161.6 (d, J = 56.2 Hz), 142.2, 133.6 (d, J = 73.2 Hz), 128.4, 128.2, 127.9, 39.8 (d, J = 69.0 Hz),
37.0 (d, J = 69.2 Hz), 27.8 (d, J = 2.1 Hz), 26.6- 26.3 (M), 25.9 — 25.8 (M), 25.3 (d, J = 3.0 Hz); P NMR (162 MHz, CDCl3) §
46.0, 43.1. HRMS (ESI) caled for C3oHa70.Py" [M+H]* 501.3046, found 501.3038.

o NAP(0)CY:

QO /O (7m) White solid (m.p.: 247 - 248 °C); 97% yield; *H NMR (400 MHz, CDsOD) & 7.41 — 7.29 (m, 5H), 6.44
p (dd, J = 33.8, 20.2 Hz, 1H), 2.91 — 2.84 (m, 2H), 2.17 — 2.06 (m, 6H), 1.94 — 1.71 (m, 16H), 1.60 — 1.22 (m,
20H); 3C NMR (101 MHz, CD30OD)  159.2 (d, J = 65.8 Hz), 141.8 (dd, J = 15.8, 6.3 Hz), 135.2 (d, J = 76.8
Hz), 128.3 (d, J = 2.4 Hz), 128.1, 127.8, 39.4 (d, J = 63.7 Hz), 36.9 (d, J = 68.6 Hz), 26.5 (d, J = 3.4 Hz), 26.4 (d, J = 3.6 Hz), 26.2
~25.5 (m); *P NMR (162 MHz, CDs0D) & 52.6 (d, J = 11.2 Hz), 46.4 (d, J = 5.4 Hz). HRMS (ESI) calcd for C3,Hs0,P* [M+H]*
529.3359, found 529.3359.

o POy

@O (7n) White solid (m.p.: 180 - 182 °C); 90% yield; *H NMR (400 MHz, CDCls) § 7.42 — 7.31 (m, 3H), 7.24 —
p 7.16 (M, 5H), 6.92 (d, J = 6.6 Hz, 2H), 6.24 (dd, J = 35.9, 9.9 Hz, 1H), 2.99 — 2.90 (m, 1H), 2.42 — 2.18 (m,
~PO)Cy;

Ph 2H), 1.96 — 1.89 (m, 1H), 1.80 — 1.66 (m, 4H), 1.58 — 1.43 (m, 7H), 1.35 — 1.16 (m, 7H), 1.10 — 0.87 (m, 7H);
13C NMR (101 MHz, CDCls) § 155.2 (d, J = 75.9 Hz), 142.8 (d, J = 72.9 Hz), 140.4 — 140.2 (m), 131.9 (d, J = 8.5 Hz), 131.7 (d, J
= 2.1 Hz), 130.7 (d, J = 94.4 Hz), 128.3, 128.1, 128.0 (d, J = 11.4 Hz), 38.5 (d, J = 67.7 Hz), 37.5 (d, J = 67.2 Hz), 26.6 — 25.1 (M),
155 (d, J = 2.7 Hz), 14.9 (d, J = 2.6 Hz); 3'P NMR (162 MHz, CDCls) § 48.4, 37.6 (d, J = 10.5 Hz). HRMS (ESI) caled for

CoH410,P;" [M+H]* 483.2577, found 483.2570.
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» 0.0 ns (70) White solid (m.p.: 169 - 171 °C); 86% vield; *H NMR (400 MHz, CDCl3) & 7.32 — 7.23 (m, 5H), 6.16 —

j’\ﬂo)cy 6.03 (M, 1H), 2.46 — 2.37 (m, 2H), 2.27 — 2.16 (m, 2H), 1.96 — 1.93 (m, 2H), 1.88 — 1.67 (m, 12H), 1.57 — 1.45

Ph (m, 2H), 1.40 — 1.16 (m, 14H), 0.84 (t, J = 7.3 Hz, 6H); 3C NMR (101 MHz, CDCls) 5 160.2 (d, J = 69.3 Hz),

141.9 - 141.7 (m), 134.2 (d, J = 82.9 Hz), 128.4, 128.3, 128.0, 36.3 (d, J = 68.8 Hz), 31.0 (d, J = 66.8 Hz), 26.5 — 26.2 (m), 25.8,

25.1 (d, J = 2.2 Hz), 24.2 (d, J = 16.3 Hz), 23.9 (d, J = 4.6 Hz), 13.8; *'P NMR (162 MHz, CDCls) § 43.4. HRMS (ESI) calcd for
CasHa702P," [M+H]* 477.3046, found 477.3040.

}9 (7p) White solid (m.p.: 278 - 280 °C); 84% yield; *H NMR (400 MHz, CDCls) § 7.34 — 7.30 (m, 5H), 6.21 (dd,

P J=31.7,19.3 Hz, 1H), 3.05 - 2.96 (m, 2H), 1.99 — 1.71 (m, 12H), 1.45 — 1.16 (m, 22H); 13C NMR (101 MHz,
N0 CDCls) 5 160.2 (d, J = 66.2 Hz), 142.0, 134.8 (d, J = 86.9 Hz), 128.6 (d, J = 2.5 Hz), 128.4, 128.0, 37.3 (d, J =
68.9 Hz), 29.3 (d, J = 64.1 Hz), 26.6 — 26.4 (M), 25.8, 25.5 (d, J = 3.2 Hz), 17.9 (d, J = 3.9 Hz), 16.6 (d, J = 3.4 Hz); 3'P NMR
(162 MHz, CDCls) & 54.2, 43.4. HRMS (ESI) caled for CsHy:O02P,* [M+H]" 449.2733, found 449.2739.

o o (79) White solid (m.p.: 70 - 72 °C); 85% yield; *H NMR (400 MHz, CDCls) § 7.57 — 7.49 (m, 6H), 7.40 —

F’\ by, 37 (M, 4H), 7.06 (d, 3 = 8.4 Hz, 2H), 6.73 — 6.62 (m, 3H), 2.5 - 2.45 (m, 2H), 1.95 — 1.49 (m, 14H)

/Ej)V 1.26 — 1.16 (m, 6H); 3C NMR (101 MHz, CDCl3) & 152.3 (d, J = 94.5 Hz), 146.7 (d, J = 80.0 Hz), 138.6

cl ~138.4 (), 134.6, 132.5, 132.1 (d, J = 9.8 Hz), 131.0 (d, J = 104.8 Hz), 130.0 (d, J = 2.9 Hz), 128.6, 128.4

(d, J = 13.4 Hz), 385 (d, J = 67.5 Hz), 26.7 — 26.2 (M), 25.8; 3P NMR (162 MHz, CDCls) § 48.7, 24.6. HRMS (ESI) caled for
C3oH35Cl0,P,* [M+H]* 551.2031, found 551.2029.

. (7r) White solid (m.p.: 118 - 120 °C); 76% yield; *H NMR (400 MHz, CDCls) & 7.56 — 7.46 (m, 6H),
\P/

oy, 138734 (m, 4H), 6.69 - 6.58 (, 5H), 3.68 (5, 3H), 264 - 2,57 (m, 2H), 1.98 - 1.95 (m, 2H), 1.80 -
/Ej)V 1.48 (M, 12H), 1.29 — 1.09 (m, 6H); 3C NMR (101 MHz, CDCls) 5 159.7, 152.0 (d, J = 87.7 Hz), 146.7
MeO (d, J = 79.3 Hz), 132.2 — 131.0 (m), 130.1 (d, J = 3.3 Hz), 128.4 (d, J = 12.2 Hz), 113.5, 55.2, 38.7 (d, J
= 67.4 Hz), 26.8 (d, J = 3.5 Hz), 26.5 — 26.3 (M), 25.9; *P NMR (162 MHz, CDCl3) § 49.6, 24.4 (d, J = 8.6 Hz). HRMS (ESI) calcd
for C33H41 03P, [M+H]* 547.2526, found 547.2521.

on. )\ (7s) White solid (m.p.: 126 — 128 °C); 80% yield; 'H NMR (400 MHz, CDCls) & 8.47 — 8.32 (m, 2H), 7.87 —

P 7.83 (M, 2H), 7.72 — 7.65 (m, 3H), 7.49 — 7.23 (m, 12H), 6.79 (dd, J = 33.3, 20.1 Hz, 1H), 3.89 — 3.81 (m, 1H),

(j)\vp(o)% 1.23-1.16 (m, 3H), 1.15 — 1.09 (m, 3H); *C NMR (101 MHz, CDCls) 5 154.5 (d, J = 69.9 Hz), 149.0, 147.8,

N 138.2 (dd, J = 92.3, 9.0 Hz), 137.5, 137.0, 133.3 — 131.2 (m), 131.0 (d, J = 9.6 Hz), 130.6 (d, J = 10.0 Hz),

128.9 (d, J = 12.3 Hz), 128.7 (d, J = 12.5 Hz), 128.3 (d, J = 11.8 Hz), 122.6, 26.3 (d, J = 70.4 Hz), 15.6 (d, J = 3.2 Hz), 15.3 (d, J =

3.2 Hz); 3P NMR (162 MHz, CDCl3) & 38.8 (d, J = 13.0 Hz), 18.3 (d, J = 13.0 Hz). HRMS (ESI) calcd for CosHasNO,P,* [M+H]*
472.1590, found 472.1588.

Cy\ﬁ,Cy (7t) Yellow solid (m.p.: 267 - 269 °C); 80% yield; *H NMR (400 MHz, CDClIs) & 8.50 — 8.43 (m, 2H), 7.83 (d,
P\ b(O)Phs J=7.9Hz, 1H), 7.73 — 7.68 (m, 4H), 7.57 — 7.46 (m, 6H), 7.25 — 7.22 (m, 1H), 6.89 (dd, J = 30.5, 21.9 Hz,
(j)\/ 1H), 2.99 — 2.91 (m, 2H), 2.06 — 2.03 (m, 2H), 1.76 — 1.69 (m, 4H), 1.60 — 1.55 (m, 6H), 1.49 — 1.39 (m, 2H),
N 1.32 -1.22 (m, 2H), 1.18 — 1.08 (m, 2H), 0.98 — 0.88 (m, 2H); 3C NMR (101 MHz, CDCl3) § 154.9 (dd, J =
61.0, 2.6 Hz), 149.2, 148.2, 137.9, 137.1, 135.4 (dd, J = 94.1, 8.4 Hz), 132.6 (d, J = 107.0 Hz), 132.4 (d, J = 2.5 Hz), 130.8 (d, J =
9.6 Hz), 129.1 (d, J = 12.1 Hz), 122.3, 39.2 (d, J = 64.2 Hz), 26.5 (d, J = 4.0 Hz), 26.3 (d, J = 3.7 Hz), 26.2 (d, J = 2.2 Hz), 26.1 (d,
J=1.9 Hz), 25.6; 3P NMR (162 MHz, CDCl3) 5 51.4 (d, J = 10.8 Hz), 18.3 (d, J = 10.1 Hz). HRMS (ESI) calcd for C3;H3sNO,P,*
[M+H]" 518.2372, found 518.2372.
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. (7u) White solid (m.p.: 183 - 185 °C); 85% vield; *H NMR (400 MHz, CDCls) & 8.52 (d, J = 4.4 Hz, 1H), 8.47
F’\ sy, (6/1H).782(d, J=80Hz, 1H),7.73 - 7.67 (m, 4H), 7.57 7.53 (m, 2H), 7.51 - 7.46 (m, 4H), 7.26 (dd, J =
fj)v " 7.9,4.9 Hz, 1H), 6.88 (dd, J = 32.0, 21.1 Hz, 1H), 2.69 — 2.58 (m, 2H), 2.32 — 2.21 (m, 2H), 1.72 — 1.59 (m,
N 2H), 1.44 — 1.33 (m, 2H), 1.32 — 1.23 (m, 2H), 1.22 — 1.13 (m, 2H), 0.76 (t, J = 7.3 Hz, 6H); *C NMR (101
MHz, CDCls) 8 155.2 (dd, J = 66.6, 2.5 Hz), 149.6, 148.1 (d, J = 2.9 Hz), 137.5 (dd, J = 17.9, 6.3 Hz), 136.7 (d, J = 1.3 Hz), 136.1
(dd, J=92.9, 9.3 Hz), 132,53 (d, J = 107.5 Hz), 132.46 (d, J = 2.7 Hz), 130.9 (d, J = 9.6 Hz), 129.1 (d, J = 12.3 Hz), 122.4, 31.0 (d,
J=67.0 Hz), 24.0 (d, J = 16.1 Hz), 23.8 (d, J = 4.9 Hz), 13.6; 3P NMR (162 MHz, CDCls) § 45.1 (d, J = 12.1 Hz), 18.4 (d, J =
12.1 Hz). HRMS (ESI) calcd for Co7H34NO,P,* [M+H]* 466.2059, found 466.2059.

Cy\ﬁ/Cy (7v) White solid (m.p.: 209 - 211 °C); 94% yield; *H NMR (400 MHz, CDCls) § 7.60 (dd, J = 11.9, 7.0 Hz, 4H),

v)\/P(O)PhQ 7.50 — 7.47 (m, 2H), 7.45 - 7.41 (m, 4H), 6.04 (dd, J = 33.1, 20.5 Hz, 1H), 2.76 — 2.68 (m, 2H), 2.42 — 2.35 (m,

1H), 2.03 — 2.00 (m, 2H), 1.72 — 1.70 (m, 2H), 1.62 — 1.52 (m, 8H), 1.44 — 1.34 (m, 2H), 1.27 — 0.99 (m, 6H),

0.91-0.81 (m, 2H), 0.60 — 0.56 (m, 2H); **C NMR (101 MHz, CDCl3) 5 161.7 (d, J = 64.6 Hz), 132.8 (d, J = 106.9 Hz), 130.9 (d,

J=2.6 Hz), 129.7 (d, J = 9.6 Hz), 127.8 (d, J = 12.1 Hz), 120.5 (d, J = 111.0 Hz), 37.4 (d, J = 64.3 Hz), 25.3 — 24.7 (m), 15.8 (dd,

J = 18.4, 10.3 Hz), 11.4; 3P NMR (162 MHz, CDCls) & 52.7, 19.4. HRMS (ESI) calcd for CaoH330,P,Na* [M+Na]* 503.2240,
found 503.2240.

8o n-Bu (7w) White solid (m.p.: 91 - 93 °C); 96% yield; *H NMR (400 MHz, CDCl) & 7.62 — 7.57 (m, 4H), 7.51 — 7.48

vj\vp(o)m (m, 2H), 7.44 — 7.41 (m, 4H), 6.10 (dd, J = 34.7, 20.1 Hz, 1H), 2.46 — 2.37 (m, 3H), 2.20 — 2.10 (m, 2H), 1.63

~ 155 (m, 2H), 1.37 — 1.23 (m, 4H), 1.18 — 1.04 (m, 4H), 0.74 (t, J = 7.2 Hz, 6H), 0.60 — 0.59 (m, 2H); 13C

NMR (101 MHz, CDCls) 3 161.7 (d, J = 69.5 Hz), 132.7 (d, J = 107.2 Hz), 131.0 (d, J = 2.6 Hz), 129.8 (d, J = 9.6 Hz), 127.8 (d, J

=122 Hz), 121.7 (d, J = 100.1 Hz), 29.4 (d, J = 66.6 Hz), 23.0 (d, J = 15.8 Hz), 22.7 (d, J = 4.8 Hz), 16.2 (dd, J = 18.3, 11.2 Hz),

12.6, 10.8; 3P NMR (162 MHz, CDCls) § 46.4 (d, J = 14.3 Hz), 19.5 (d, J = 15.1 Hz). HRMS (ESI) calcd for CosHssO,P" [M+H]*
429.2107, found 429.2100.

on ) ph (7X) White solid (m.p.: 301 - 303 °C); 76% yield; *H NMR (400 MHz, CDCls) § 7.66 — 7.61 (m, 4H), 7.51 —

v)\vp(om 7.47 (m, 2H), 7.43 — 7.38 (m, 4H), 6.06 (d, J = 40.1 Hz, 1H), 2.59 — 2.51 (m, 2H), 1.90 — 1.87 (m, 2H), 1.67 —

1.28 (m, 13H), 1.20 — 1.02 (m, 4H), 0.95 — 0.86 (m, 2H), 0.69 — 0.57 (m, 4H); 3C NMR (101 MHz, CDCl3) &

152.4 (d, J = 89.3 Hz), 136.7 (d, J = 85.1 Hz), 132.2 (d, J = 2.7 Hz), 131.8 (d, J = 9.9 Hz), 131.7 (d, J = 104.0 Hz), 128.6 (d, J =

12.0 Hz), 38.6 (d, J = 67.3 Hz), 26.7 (d, J = 3.6 Hz), 26.4 — 26.3 (m), 26.2 (d, J = 2.4 Hz), 25.8, 17.6 (dd, J = 20.0, 14.0 Hz), 11.6

(d, J = 2.4 Hz); 3P NMR (162 MHz, CDCl3) § 51.7 (d, J = 10.9 Hz), 28.3 (d, J = 13.8 Hz). HRMS (ESI) caled for CaoH30O2P2*
[M+H]* 481.2420, found 481.2413.

QO D (7y) White solid (m.p.: 231 - 233 °C); 84% yield; *H NMR (400 MHz, CDCls)  5.34 (dd, J = 34.0, 16.3 Hz,
1 1H), 2.86 (brs, 2H), 2.20 (brs, 1H), 1.89 — 1.14 (m, 38H), 0.95 — 0.91 (m, 2H), 0.51 — 0.46 (m, 2H); *C NMR
X0y (101 MHz, CDCl3) § 163.5, 120.6, 38.7 (d, J = 68.4 Hz), 37.1 (d, J = 69.5 Hz), 27.5 (d, J = 1.3 Hz), 26.5 - 25.7
(m), 25.2, 16.8 — 16.6 (), 11.4; 1P NMR (162 MHz, CDCls) 5 48.2 (d, J = 13.0 Hz), 43.3. HRMS (ESI) calcd

for Co7Hi70,P,* [M+H]* 465.3046, found 465.3051.

Ph (IU\ (72) Colorless oil; 94% yield; *H NMR (400 MHz, CDCl3) § 7.80 — 7.75 (m, 2H), 7.65 — 7.60 (m, 2H), 7.43 —
~p

v)\/P(Oth 7.18 (m, 11H) (overlap one peak of 7.26), 6.20 (dd, J = 35.8, 17.8 Hz, 1H), 3.51 — 3.42 (m, 1H), 2.33 — 2.16 (m,

1H), 1.14 — 1.05 (m, 6H), 0.96 — 0.86 (m, 2H), 0.54 — 0.45 (m, 2H); 3C NMR (101 MHz, CDCl3) 6 159.8 (d, J

=74.0 Hz), 133.1 (dd, J = 108.8, 8.4 Hz), 131.4 — 130.3 (m), 129.9 (d, J = 9.6 Hz), 129.5 (d, J = 9.9 Hz), 127.5 (d, J = 12.3 Hz),

127.3(d,J=12.4 Hz), 127.1 (d, J = 11.5 Hz), 125.8 (dd, J = 102.4, 9.5 Hz), 24.6 (d, J = 70.4 Hz), 16.1 (dd, J = 18.0, 13.3 Hz), 14.4
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(d, J=2.7 Hz), 14.2 (d, J = 3.2 Hz), 10.0 (d, J = 2.2 Hz), 9.5 (d, J = 2.4 Hz); 3P NMR (162 MHz, CDCl3) § 40.1 (d, J = 15.8 Hz),
20.1 (d, J = 15.7 Hz). HRMS (ESI) calcd for CagH0,P,* [M+H]" 435.1637, found 435.1635.

z (7aa) White solid (m.p.: 125 - 127 °C); 51% yield; *H NMR (400 MHz, CDCls) 6 7.80 (dd, J = 11.9, 7.2 Hz,

Ph\HJ/ 2H), 7.66 — 7.61 (m, 2H), 7.52 — 7.48 (m, 1H), 7.45 — 7.26 (m, 10H) (overlap one peak of 7.26), 6.32 (dd, J =

xP(0)Phy  37.4,19.1 Hz, 1H), 5.88 — 5.76 (m, 1H), 5.19 — 5.12 (m, 2H), 3.73 — 3.57 (m, 2H), 2.31 — 2.23 (m, 1H), 1.03 -

0.93 (m, 2H), 0.66 — 0.61 (m, 1H), 0.54 —0.49 (m, 1H); 3C NMR (101 MHz, CDCls) § 160.9 (d, J = 77.9 Hz),

133.8 (d, J = 107.6 Hz), 133.3 (d, J = 108.6 Hz), 132.4 (d, J = 99.0 Hz), 131.9 (d, J = 2.7 Hz), 131.7 (d, J = 2.7 Hz), 131.6 (d, J =

2.7 Hz), 131.3 (d, J = 9.8 Hz), 131.0 (d, J = 9.8 Hz), 130.7 (d, J = 9.8 Hz), 128.8 (d, J = 12.3 Hz), 128.5 (d, J = 12.4 Hz), 128.2 (d,

J=12.2 Hz), 127.3 (d, J = 10.2 Hz), 126.6 (dd, J = 101.8, 10.3 Hz), 121.0 (d, J = 12.5 Hz), 35.3 (d, J = 66.8 Hz), 17.7 (dd, J = 17.9,

13.2 Hz), 11.2 (d, J = 2.4 Hz), 10.3 (d, J = 3.2 Hz); 3P NMR (162 MHz, CDCls) § 33.2 (d, J = 14.5 Hz), 20.0. HRMS (ESI) calcd
for Co6H270,P," [M+H]* 433.1481, found 433.1480.

orgor (7ab) White solid (m.p.: 173 - 175 °C); 80% yield; *H NMR (400 MHz, CDCl) & 7.69 — 7.63 (m, 4H), 7.54 —
*VP(O)PM 7.44 (m, 6H), 6.68 (dd, J = 35.3, 19.6 Hz, 1H), 2.84 — 2.76 (m, 2H), 2.03 — 2.00 (m, 2H), 1.75 — 1.71 (m, 2H),

1.55 - 1.07 (m, 23H), 0.90 — 0.78 (m, 2H); *C NMR (101 MHz, Chloroform-d)  167.2 (d, J = 56.7 Hz), 133.9
(d, J = 106.6 Hz), 131.9 (d, J = 2.6 Hz), 130.7 (d, J = 9.2 Hz), 128.9 (d, J = 12.0 Hz), 126.7 (dd, J = 98.1, 10.4 Hz), 42.4 (dd, J =
14.9, 6.3 Hz), 39.6 (d, J = 63.8 Hz), 30.3 (d, J = 2.1 Hz), 27.2 (d, J = 3.7 Hz), 26.7 (d, J = 3.7 Hz), 26.4, 26.3, 25.9; 3P NMR (162
MHz, Chloroform-d)  54.0 (d, J = 16.1 Hz), 17.9 (d, J = 16.1 Hz). HRMS (ESI) caled for C30H430,P,* [M+H]* 497.2733, found
497.2728.

(7ac) White solid (m.p.: 192 - 194 °C); 63% yield; *H NMR (400 MHz, CDCl3) 6 7.77 — 7.71 (m, 4H), 7.58

\©\“/©/ —7.53 (m, 4H), 7.48 — 7.44 (m, 2H), 7.38 — 7.19 (m, 6H) (overlap one peak of 7.26), 7.02 — 6.97 (m, 4H);
)\/P 0)Ph, 13C NMR (101 MHz, CDCls) § 164.0 (dd, J = 254.5, 3.2 Hz), 143.0 (d, J = 94.0 Hz), 141.4 (d, J = 91.8 Hz),
133.3(dd, J=11.7,9.0 Hz), 131.3 (d, J = 107.0 Hz), 131.0 (d, J = 2.5 HZz), 129.9 (d, J = 10.0 Hz), 127.6 (d,

J=12.4Hz), 126.6 (d, J = 110.8 Hz), 114.7 (dd, J = 21.5, 13.9 Hz); 3'P NMR (162 MHz, CDCls) § 21.2 (d, J = 20.5 Hz), 19.2 (d,
J=20.8 Hz); *®F NMR (377 MHz, CDCls3) § -106.5. HRMS (ESI) calcd for CasH20F20,P2Na* [M+Na]* 487.0799, found 487.0805.

o, (7ad) White solid (m.p.: 136 - 138 °C); 50% yield; 'H NMR (400 MHz, CDCls) & 7.82 (dd, J = 11.9,

O\ﬁ/@ 8.7 Hz, 4H), 7.57 — 7.46 (m, 6H), 7.44 — 7.24 (m, 6H), 7.17 (d, J = 7.9 Hz, 4H); 13C NMR (101 MHz,

j’\/P(O)PhZ CDCls) & 152.1 — 152.0 (m), 143.4 (d, J = 94.4 Hz), 143.0 (d, J = 91.0 Hz), 133.8 (d, J = 11.6 Hz),

. 132.2 (d, J = 2.6 Hz), 132.0 (d, J = 107.3 Hz), 130.9 (d, J = 10.0 Hz), 130.2 (d, J = 109.6 Hz), 128.7

(d, J = 12.5 Hz), 120.29 (d, J = 13.5 Hz), 120.28 (q, J = 258.9 Hz): 3P NMR (162 MHz, CDCls) 5 21.0 (d, J = 21.0 Hz), 19.2 (d, J
= 20.0 Hz). HRMS (ESI) caled for CasHa FsOsP," [M+H]* 597.0814, found 597.0811.

(7ae) White solid (m.p.: 148 - 150 °C); 74% yield; *H NMR (400 MHz, CDCls) § 7.62 — 7.50 (m, 8H), 7.43 —

@ /@ 7.39 (m, 2H), 7.35 — 7.06 (m, 10H); *C NMR (101 MHz, CDCls) § 144.5 (d, J = 90.4 Hz), 141.9 (d, J = 94.4

9 Hz), 134.9 (d, J = 16.4 Hz), 134.6 (d, J = 105.7 Hz), 132.3 — 131.1 (m), 130.0 (d, J = 13.7 Hz), 129.4 (d, J =

)\/p Oh, 9.8 Hz), 128.6 (d, J = 12.5 Hz); P NMR (162 MHz, CDCls) § 20.0 (d, J = 20.9 Hz), 18.9 (d, J = 20.9 Hz).
HRMS (ESI) caled for Ca6HaiCLO,P," [M+H]* 497.0388, found 497.0391.

13C NMR (101 MHz, CDCls) § 144.0 (d, J = 92.5 Hz), 143.0 (d, J = 91.1 Hz), 141.8 (d, J = 8.6 Hz), 132.7 (d,

Q jij (7af) Oil; 80% yield; 'H NMR (400 MHz, CDCls) & 7.75 — 7.70 (m, 4H), 7.43 — 7.09 (m, 16H), 2.29 (s, 6H);
1]
POOFN2 32123 Hz), 132.1(d, J = 2.3 Hz), 131.9 (d, J = 107.4 Hz), 131.8 (d, J = 2.5 Hz), 131.7 — 131.6 (m), 130.3 (d,
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J=104.8 Hz), 128.2 (d, J = 12.6 Hz), 125.6 (d, J = 13.0 Hz), 21.7 (d, J = 4.3 Hz); 3P NMR (162 MHz, CDCls) & 24.6 (d, J = 20.4
Hz), 22.0 (d, J = 20.4 Hz). HRMS (ESI) caled for CasHa70,P," [M+H]* 457.1481, found 457.1485.

- - (7ag) White solid (m.p.: 213 —215 °C); 80% yield; *H NMR (400 MHz, CDCl;) § 7.77 — 7.71 (m, 4H), 7.17
\©\9/©/ ~6.99 (M, 5H), 6.84 — 6.67 (M, 1H), 2.23 — 2.15 (m, 2H), 1.86 — 1.83 (M, 2H), 1.74 — 1.72 (m, 2H), 1.67 —
j’\/P(OM 1.58 (m, 6H), 1.41 — 1.30 (M, 3H), 1.25 — 1.00 (m, 7H); 3C NMR (101 MHz, CDCls) & 165.1 (dd, J = 255.1,

. 3.2 Hz), 145.3 (d, J = 72.7 Hz), 140.6 (d, J = 96.3 Hz), 133.8 (dd, J = 11.4, 8.9 Hz), 128.5 (dd, J = 110.2,

3.0 Hz), 116.1 (dd, J = 21.5, 13.6 Hz), 37.4 (d, J = 66.8 Hz), 26.3— 26.1 (m), 25.7, 25.5 (d, J = 3.2 Hz); 3P NMR (162 MHz, CDCl,)

$47.5(d, J=16.3 Hz), 19.1 (d, J = 17.2 Hz); **F NMR (377 MHz, CDCls) § -106.0. HRMS (ESI) calcd for CasH33F20,P," [M+H]*

477.1918, found 477.1921.

cro ocr.  (7ah) White solid (m.p.: 156 - 158 °C); 65% yield; *H NMR (400 MHz, CDCl;)  7.85 (dd, J = 11.5,
3
\©\9/©/ 8.6 Hz, 4H), 7.29 (d, J = 8.0 Hz, 4H), 7.22 — 7.08 (m, 1H), 6.88 — 6.70 (m, 1H), 2.06 — 2.01 (m, 2H),
j\/F’(O)Cyz 1.82 — 1.61 (m, 10H), 1.32 — 1.02 (m, 10H); 3C NMR (101 MHz, CDCl3) & 152.0, 145.0 (d, J = 72.9
. Hz), 141.5 (d, J = 96.7 Hz), 133.5 (d, J = 11.2 Hz), 131.1 (d, J = 108.9 Hz), 120.6 (d, J = 13.3 Hz),
120.3 (g, J = 259.9 Hz), 37.0 (d, J = 67.2 Hz), 26.3 — 26.1 (M), 25.7, 25.3 (d, J = 3.0 Hz); 3P NMR (162 MHz, CDCl3) § 46.3 (d, J
= 17.0 Hz), 18.8 (d, J = 17.5 Hz); *°F NMR (377 MHz, CDCl3) & -57.7. HRMS (ESI) caled for CasH33FsO4P," [M+H]* 609.1753,

found 609.1745.

oo ouve  (7ai) White solid (m.p.: 121 - 123 °C); 60% yield; *H NMR (400 MHz, CDCl) § 7.58 (dd, J = 11.6,

\@9 8.7 Hz, 4H), 7.03 — 6.84 (m, 5H), 6.77 — 6.61 (m, 1H), 3.79 (s, 6H), 2.55 — 2.47 (m, 2H), 1.95 — 1.92

)P\/P@)Cyg (m, 2H), 1.74 — 1.32 (m, 13H), 1.17 — 1.00 (m, 5H); *°C NMR (101 MHz, CDCl3) 5 162.6 (d, J = 2.8

. Hz), 145.5 (d, J = 73.5 Hz), 139.5 (d, J = 95.4 Hz), 132.9 (d, J = 11.2 Hz), 123.9 (d, J = 112.9 Hz),

114.3 (d, J = 13.3 Hz), 55.4, 38.0 (d, J = 66.2 Hz), 26.5 (d, J = 3.5 Hz), 26.3 (d, J = 5.1 Hz), 26.2 (d, J = 4.8 Hz), 25.9 (d, J = 3.5

Hz), 25.8; 3P NMR (162 MHz, CDCl3) & 49.4 (d, J = 16.4 Hz), 19.5 (d, J = 16.7 Hz). HRMS (ESI) calcd for CosHzoO4P2" [M+H]*
501.2319, found 501.2310.

\QO (7aj) White solid (m.p.: 107 - 109 °C); 72% yield; *H NMR (400 MHz, CDCls) § 7.55 (dd, J = 11.9, 8.0 Hz,
B 4H), 7.26 — 7.24 (m, 4H), 7.07 — 6.68 (m, 2H), 2.58 — 2.50 (M, 2H), 2.36 (s, 6H), 1.97 — 1.94 (m, 2H), 1.75
WANPOCE g (m, 8H), 1.51 — 1.36 (m, 4H), 1.21 — 1.00 (m, 6H); 3C NMR (101 MHz, CDCls) 5 146.0 (d, J = 73.2

Hz), 142.7 (d, J = 2.7 Hz), 139.1 (d, J = 94.6 Hz), 131.0 (d, J = 10.2 Hz), 129.5 (d, J = 12.7 Hz), 129.3 (d, J = 108.7 Hz), 37.9 (d, J
= 66.0 Hz), 26.4 (d, J = 3.5 Hz), 26.3, 26.2, 25.9 (d, J = 3.5 Hz), 25.8, 21.6; *'P NMR (162 MHz, CDCl3) § 50.2, 19.9 (d, J = 15.7
Hz). HRMS (ESI) caled for CosH3002Py" [M+H]* 469.2420, found 469.2415.

; ; (7ak) White solid (m.p.: 152 - 154 °C); 78% yield; 'H NMR (400 MHz, CDCl3) § 7.53 — 7.41 (m, 6H), 7.21

@%@ 7.03 (m, 3H), 6.93 — 6.75 (M, 1H), 2.21 — 2.13 (m, 2H), 1.88 — 1.58 (m, 10H), 1.42 — 1.02 (m, 10H); *C NMR

b (101 MHz, CDCl3) & 162.5 (dd, J = 251.7, 17.4 Hz), 146.3 (d, J = 72.2 Hz), 139.9 (d, J = 96.7 Hz), 135.2 (d, J

T S R Hz), 130.8 (dd, J = 14.4, 7.4 Hz), 126.8 (dd, J = 9.3, 2.9 Hz), 119.4 (d, J = 20.6 Hz), 118.0 (dd, J =

22.7,10.8 Hz), 37.2 (d, J = 66.9 Hz), 26.3 — 26.1 (m), 25.7, 25.4 (d, J = 3.2 Hz); *P NMR (162 MHz, CDCl3) 6 47.6 (d, J = 16.1

Hz), 17.7 (d, J = 17.1 Hz); °F NMR (377 MHz, CDCls) 5 -110.5 (d, J = 5.1 Hz). HRMS (ESI) caled for CosHF20,P,Na* [M+Na]*
499.1738, found 499.1739.
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(7al) White solid (m.p.: 106 - 108 °C); 70% yield; 'H NMR (400 MHz, CDCls) § 7.76 (d, J = 12.5 Hz, 2H),

@ /@ 7.62 (dd, J = 11.4, 7.6 Hz, 2H), 7.48 — 7.46 (m, 2H), 7.42 — 7.37 (m, 2H), 7.25 — 7.07 (m, 1H), 6.94 — 6.76 (m,
; 1H), 2.13 - 2.04 (m, 2H), 1.86 — 1.63 (m, 10H), 1.39 — 1.29 (m, 4H), 1.20 — 1.06 (m, 6H); 3C NMR (101 MHz,
)\/F’ O cDCly) § 145.7 (d, J = 71.9 Hz), 140.9 (d, J = 96.3 Hz), 135.1 (d, J = 16.3 Hz), 134.9 (d, J = 106.0 Hz), 132.3,
131.0 (d, J = 11.0 Hz), 130.2 (d, J = 13.5 Hz), 129.2 (d, J = 9.4 Hz), 36.9 (d, J = 67.2 Hz), 26.4 — 26.2 (M), 25.7, 25.4 (d, J = 3.0

Hz); 3P NMR (162 MHz, CDCls) 5 47.1 (d, J = 14.2 Hz), 18.3 (d, J = 17.3 Hz). HRMS (ESI) caled for CasHs3CLO,P,* [M+H]*
509.1327, found 509.1330.

2H), 7.39 (t, J= 7.4 Hz, 2H), 7.24 — 7.19 (m, 4H), 7.06 — 6.78 (m, 2H), 2.58 — 2.51 (m, 2H), 2.31 (s, 6H), 1.97

2 104 (m, 2H), 1.70 — 1.68 (m, 4H), 1.57 — 1.37 (m, 8H), 1.17 — 1.05 (m, 4H), 0.95 — 0.89 (m, 2H); *C NMR

(101 MHz, CDCls) & 148.1 (d, J = 72.8 Hz), 141.5 (d, J = 8.9 Hz), 138.9 (d, J = 93.9 Hz), 132.3 (d, J = 2.5 Hz), 132.2 (d, J = 11.5

Hz), 132.0 (d, J = 10.9 Hz), 130.7 (d, J = 103.4 Hz), 125.9 (d, J = 12.5 Hz), 38.0 (d, J = 66.0 Hz), 26.4 — 25.9 (m), 25.7, 21.4 (d, J

= 4.4 Hz); 3P NMR (162 MHz, CDCl3) 6 50.5, 23.8 (d, J = 16.3 Hz). HRMS (ESI) calcd for C2sH3sNaO,P,* [M+Na]* 491.2240,
found 491.2245.

(7am) White solid (m.p.: 75 - 77 °C); 90% vield; *H NMR (400 MHz, CDCls) & 7.53 (dd, J = 13.8, 7.6 Hz,
II
0)

. (7an) White solid (m.p.: 181 - 183 °C); 87% vield; *H NMR (400 MHz, CDCls) 5 7.48 — 7.38 (m, 6H), 7.20 —

9@ 7.16 (m, 2H), 7.06 — 6.80 (m, 2H), 3.54 — 3.46 (m, 2H), 2.64 — 2.55 (m, 2H), 1.98 — 1.95 (m, 2H), 1.67 — 1.42

/_Pﬁj’\/wo)cyz (m, 12H), 1.22 — 1.01 (m, 16H), 0.83 — 0.74 (m, 2H); 3C NMR (101 MHz, CDCl3) 5 153.3 (d, J = 9.2 Hz),

148.3 (d, J = 68.3 Hz), 139.9 (d, J = 92.3 Hz), 132.6, 132.1 (d, J = 12.4 Hz), 130.4 (d, J = 104.3 Hz), 127.4 (d,

J=10.7 Hz), 125.8 (d, J = 12.7 Hz), 37.8 (d, J = 65.8 Hz), 31.4 (d, J = 4.7 Hz), 26.4 — 25.7 (m), 24.2, 24.0; 3P NMR (162 MHz,
CDCls) § 50.8, 24.6. HRMS (ESI) caled for C3Ha7O2P,* [M+H]' 525.3046, found 525.3038.

(7a0) White solid (m.p.: 166 - 168 °C); 41% yield; 'H NMR (400 MHz, CDCls) § 8.36 (d, J = 12.1 Hz,

/@\o 4H), 7.97 (s, 2H), 7.53 — 7.23 (m, 12H) (overlap one peak of 7.26); 1*C NMR (101 MHz, CDCls) § 146.0
B CF;  (d,J=87.0Hz),141.3 (d, J =96.9 Hz), 135.2 (d, J = 107.8 Hz), 132.7 (d, J = 2.6 Hz), 132.5 - 131.4 (m),

P2 9308 (d, J=10.0 Hz), 130.6 (d, J = 106.1 Hz), 129.0 (d, J = 12.4 Hz), 126.2 — 126.0 (m), 122.7 (q, J =

274.2 Hz); 3P NMR (162 MHz, CDCls3) § 20.7 (d, J = 21.3 Hz), 20.1 (d, J = 21.1 Hz); **®F NMR (377 MHz, CDCls) § -62.9. HRMS

(ESI) caled for C30Hi9F120,P>" [M+H]* 701.0664, found 701.0669.

(7ap) White solid (m.p.: 192 - 194 °C); 39% yield; *H NMR (400 MHz, CDCl3) & 8.32 (d, J = 12.0 Hz,

/@O/Q 4H), 8.01 (s, 2H), 7.40 — 7.23 (m, 1H), 7.11 — 6.90 (m, 1H), 1.76 — 1.64 (m, 12H), 1.21 — 1.14 (m, 10H);
B CFy  13C NMR (101 MHz, CDCls) 5 145.1 (d, J = 70.8 Hz), 141.7 (d, J = 99.3 Hz), 135.8 (d, J = 108.3 Hz),
KNP0y, 131.0 (qd, J = 34.1, 12.8 Hz), 130.4 — 130.2 (m), 124.9 — 124.7 (m), 121.8 (q, J = 273.1 Hz), 34.9 (d, J =

67.6 Hz), 25.3 — 25.0 (M), 24.6, 23.9 (d, J = 3.2 Hz); 3P NMR (162 MHz, CDCls) § 4.7 (d, J = 17.9 Hz), 17.7 (d, J = 18.1 Hz);
19F NMR (377 MHz, CDCl3) § -62.9. HRMS (ESI) calcd for C3oH3 F120,P," [M+H]" 713.1602, found 713.1603.

veo. D e (7ag) White solid (m.p.: 177 - 179 °C); 63% yield; *H NMR (400 MHz, CDCls) § 7.16 — 6.97 (m, 1H), 6.77 (d,

j’\/P(O)C  J=3.6Hz, 4H), 656 (ddd, J = 42,6, 16.3,7.3 Hz, 1H), 2.46 - 231 (m, 14H), 219 (5, 6H), 1.93 - 1.91 (m, 2H),

H 1.68 — 1.39 (m, 12H), 1.21 — 1.00 (m, 6H); 3C NMR (101 MHz, CDCls) § 144.6 — 141.4 (m), 131.2 (d, J = 11.4

Hz), 129.2 (d, J = 100.8 Hz), 38.1 (d, J = 66.4 Hz), 26.3 — 25.8 (m), 23.0 (d, J = 4.5 Hz), 20.9 (d, J = 0.9 Hz); 3'P NMR (162 MHz,
CDCls) 5 48.7,24.0 (d, J = 11.9 Hz). HRMS (ESI) caled for C3,H470,P,* [M+H]* 525.3046, found 525.3043.
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@ . (7ar) Colorless oil; 52% yield; *H NMR (400 MHz, CDCls) § 7.83 (dd, J = 11.1, 7.7 Hz, 2H), 7.42 — 7.35 (m,
p-n-Bu 3H), 7.05 — 6.89 (M, 1H), 6.44 — 6.26 (M, 1H), 2.53 — 2.46 (m, 2H), 1.94 — 1.87 (m, 2H), 1.73 — 1.63 (m, 7H),

HJ\/”O)CW 1.53 - 1.31 (m, 9H), 1.16 — 0.99 (m, 8H), 0.80 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) & 146.4 (d, J
= 86.4 Hz), 139.2 (d, J = 75.7 Hz), 132.9 (d, J = 100.4 Hz), 131.6, 131.2 (d, J = 9.6 Hz), 128.3 (d, J = 11.9 Hz), 36.2 (dd, J = 67.9,
13.7 Hz), 29.8 (d, J = 71.9 Hz), 26.4 — 25.6 (m), 25.0 (d, J = 3.2 Hz), 24.8 (d, J = 3.2 Hz), 24.0 (d, J = 16.1 Hz), 23.5 (d, J = 4.4
Hz), 13.7; 3P NMR (162 MHz, CDCls) § 45.5 (d, J = 13.3 Hz), 31.2 (d, J = 15.8 Hz). HRMS (ESI) calcd for C24H300,P,* [M+H]*
421.2420, found 421.2423.

(7as) White solid (m.p.: 188 - 190 °C); 90% yield; 'H NMR (400 MHz, CDCl3) 8 7.69 (dd, J = 12.1, 7.1 Hz, 4H),
7.51 (t, J= 7.6 Hz, 2H), 7.45 (td, J = 7.7, 2.8 Hz, 4H), 7.13 — 6.72 (m, 2H), 2.52 — 2.44 (m, 2H), 1.96 — 1.92 (m,

KNP 2H), 1.75 — 1.71 (m, 2H), 1.67 — 1.56 (m, 6H), 1.52 — 1.31 (m, 4H), 1.29 — 0.96 (m, 6H); 2*C NMR (101 MHz,
CDCly) 5 146.7 (d, J = 72.6 Hz), 138.9 (d, J = 94.6 Hz), 132.5 (d, J = 106.2 Hz), 132.2 (d, J = 2.6 Hz), 131.0 (d, J = 9.7 Hz), 128.8
(d, =122 Hz), 37.9 (d, J = 66.2 Hz), 26.4 (d, J = 3.5 Hz), 26.2 (d, J = 13.3 Hz), 25.82 — 25.77 (m); P NMR (162 MHz, CDCl5)
§49.6,19.5 (d, J = 16.5 Hz). HRMS (ESI) caled for CagHssOsPy" [M+H]" 441.2107, found 441.2107.

0
NI

(7at) White solid (m.p.: 199 - 201 °C); 80% yield; 'H NMR (400 MHz, CDCls) & 6.63 — 6.50 (m, 2H), 2.22 —
2.12 (m, 4H), 1.97 — 1.94 (m, 4H), 1.80 — 1.72 (m, 12H), 1.67 — 1.62 (m, 4H), 1.46 — 1.36 (m, 8H), 1.28 — 1.15

WAL (M, 12H): *C NMR (101 MHz, CDCls) 5 143.4 (d, J = 77.9 Hz), 37.5 (d, J = 68.2 Hz), 26.4 — 26.2 (m), 25.8,
25.7: 3P NMR (162 MHz, CDCly) 5 46.3. HRMS (ESI) caled for CosHarO2P5* [M+H]* 453.3046, found 453.3044.

0
Cy\IFI,/Cy

(7au) Colorless oil; 60% yield; H NMR (400 MHz, CDCl3) & 7.65 (dd, J = 12.0, 7.2 Hz, 4H), 7.52 (t, J = 7.6
Hz, 2H), 7.46 (td, J = 7.6, 2.8 Hz, 4H), 7.02 — 6.88 (m, 2H), 2.42 — 2.31 (m, 2H), 2.18 — 2.07 (m, 2H), 1.67 —

WA O 1.54 (m, 2H), 1.46 — 1.34 (m, 2H), 1.33 — 1.15 (m, 4H), 0.76 (t, J = 7.3 Hz, 6H); 3C NMR (101 MHz, CDCls)
§148.2 (d,J = 77.2 Hz), 138.0 (d, J = 94.1 Hz), 132.33 (d, J = 2.6 Hz), 132.32 (d, J = 106.2 Hz), 130.9 (d, J = 9.9 Hz), 128.9 (d, J
=12.1 Hz), 30.3 (d, J = 68.0 Hz), 24.1 (d, J = 15.4 Hz), 23.8 (d, J = 4.8 Hz), 13.6; 3P NMR (162 MHz, CDCl3) & 44.4 (d, J = 18.4
Hz), 19.7 (d, J = 18.8 Hz). HRMS (ESI) caled for CoHs 0,P,* [M+H]* 389.1794, found 389.1791.

(0]
n—Bu\lg/n—Bu

(7av) White solid (m.p.: 53 - 55 °C): 85% yield; H NMR (400 MHz, CDCl3) § 6.98 — 6.83 (m, 1H), 6.37 —
6.18 (M, 1H), 2.28 — 2.08 (M, 4H), 1.91 — 1.88 (m, 2H), 1.79 — 1.58 (m, 12H), 1.52 — 1.43 (m, 2H), 1.39 — 1.15

AN (M, 14H), 0.84 (t, J = 7.2 Hz, 6H): °C NMR (101 MHz, CDCls) § 149.7 (d, J = 77.4 Hz), 136.8 (dd, J = 74.8,
3.3 Hz), 35.6 (d, J = 67.1 Hz), 30.2 (d, J = 66.5 Hz), 26.4 — 26.0 (m), 25.7, 24.7, 24.1 (d, J = 15.5 Hz), 23.7 (d, J = 4.3 Hz), 13.6;
3P NMR (162 MHz, CDCl3) 8 44.2 (d, J = 16.7 Hz), 43.8 (d, J = 14.1 Hz). HRMS (EST) calcd for CaoHy02Ps* [M+H] 401.2733,
found 401.2730.

(0]
n-Bu\g/n-Bu

O\?I’ /Q (7aw) White solid (m.p.: 175 - 177 °C); 83% yield; *H NMR (400 MHz, CDCls) § 7.67 — 7.62 (m, 4H), 7.54 —

P 7.50 (m, 2H), 7.48 — 7.43 (m, 4H), 7.15 — 6.83 (m, 2H), 3.04 — 2.95 (m, 2H), 1.92 — 1.83 (M, 4H), 1.74 — 1.62
(m, 4H), 1.60 — 1.47 (m, 6H), 1.42 — 1.34 (m, 2H); *C NMR (101 MHz, CDCls) & 149.0 (d, J = 76.0 Hz),
136.9 (d, J = 94.8 Hz), 132.3 (d, J = 2.5 Hz), 132.3 (d, J = 106.3 Hz), 130.9 (d, J = 9.8 Hz), 128.9 (d, J = 12.3 Hz), 38.6 (d, J = 69.7
Hz), 27.5 (d, J = 1.9 Hz), 26.8 (d, J = 10.1 Hz), 26.2 (d, J = 0.9 Hz), 26.0 (d, J = 10.4 Hz); :P NMR (162 MHz, CDCls) 5 48.8,
20.0 (d, J = 18.1 Hz). HRMS (ESI) caled for C4Hs 0,P,* [M+H]* 413.1794, found 413.1794.

AN POPH,

7.40 (m, 3H), 6.97 (dt, J = 36.2, 14.8 Hz, 1H), 6.46 (dt, J = 39.3, 15.3 Hz, 1H), 3.16 — 3.09 (m, 1H), 2.62 (s,
Aoy 1H), 2.19 - 2.10 (m, 1H), 2.02 — 1.86 (m, 4H), 1.82 — 1.77 (m, 3H), 1.74 — 1.52 (m, 10H), 1.48 — 1.32 (m, 4H),
1.24 —1.19 (m, 2H), 1.15 — 0.84 (m, 5H); 3C NMR (101 MHz, CDCls) § 144.2 (d, J = 86.0 Hz), 141.5 (d, J = 75.5 Hz), 132.8 (d,

. (7ax) White solid (m.p.: 77 - 79 °C); 82% yield; *H NMR (400 MHz, CDCls) & 7.86 — 7.81 (m, 2H), 7.48 —
0
H
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J=97.4Hz), 131.6 (d, J = 2.1 Hz), 131.3 (d, J = 9.2 Hz), 128.3 (d, J = 11.6 Hz), 37.8 — 36.4 (m), 27.0 (d, J = 8.7 Hz), 26.6 (d, J =
8.7 Hz), 26.5— 26.1 (m), 25.9 (d, J = 3.1 Hz), 25.8, 25.7, 25.4 (d, J = 3.1 Hz), 25.1 (d, J = 3.3 Hz); 3P NMR (162 MHz, CDCls) §
46.9 (d, J = 14.0 Hz), 33.5 (d, J = 13.7 Hz). HRMS (ESI) caled for CosH300.P,* [M+H]* 433.2420, found 433.2419.

Od? D (7ay) White solid (m.p.: 160 - 162 °C); 70% yield; *H NMR (400 MHz, CDCls) § 6.95 — 6.81 (m, 1H), 6.35 —

p 6.16 (m, 1H), 2.83 — 2.73 (m, 2H), 1.87 — 1.27 (m, 32H), 1.21 — 1.12 (m, 6H); *C NMR (101 MHz, CDCls)

P e 149.7 (d, J = 77.4 Hz), 136.9 (d, J = 77.3 Hz), 38.8 (d, J = 69.8 Hz), 36.4 (d, J = 68.2 Hz), 27.6 (d, J = 2.2 Hz),

26.5 — 25.9 (M), 25.7 (d, J = 0.9 Hz), 25.0 (d, J = 3.2 Hz); 3P NMR (162 MHz, CDCls) & 46.9, 44.5. HRMS (ESI) caled for
CosHa30:P," [M+H]* 425.2733, found 425.2740.

7.36 (m, 3H), 7.00 — 6.82 (m, 1H), 6.63 — 6.45 (M, 1H), 2.76 — 2.67 (m, 1H), 2.22 — 2.14 (m, 1H), 2.08 — 2.00

POCY2 (m, 1H), 1.93 — 1.88 (M, 1H), 1.73 — 1.59 (M, 6H), 1.49 — 1.14 (m, 12H), 1.07 — 0.77 (m, 7H); *C NMR (101

MHz, CDCls) § 143.4 (d, J = 74.7 Hz), 142.2 (d, J = 85.0 Hz), 131.7 (d, J = 2.5 Hz), 131.3 (d, J = 95.9 Hz), 131.2 (d, J = 8.8 Hz),

128.4(d, J = 11.5 Hz), 37.5 (d, J = 67.1 Hz), 36.7 (d, J = 67.0 Hz), 28.1 (d, J = 73.3 Hz), 26.4 — 25.3 (m), 15.3 (d, J = 3.1 Hz), 14.9

(d, J = 2.4 Hz); 3P NMR (162 MHz, CDCl3) § 47.9, 35.3 (d, J = 11.8 Hz). HRMS (ESI) calcd for Co3H3,0,P," [M+H]* 407.2263,
found 407.2257.

o (7az) White solid (m.p.: 114 - 116 °C); 70% yield; *H NMR (400 MHz, CDCls) § 7.77 — 7.72 (m, 2H), 7.44 —
N
HJ\/

7.39 (m, 3H), 7.14 — 6.97 (m, 1H), 6.54 — 6.35 (m, 1H), 5.80 — 5.68 (m, 1H), 5.19 — 5.11 (M, 2H), 3.63 — 3.54

POCY2 (1, 1H), 3.40 — 3.30 (m, 1H), 1.96 — 1.90 (M, 2H), 1.81 — 1.24 (m, 14H), 1.16 — 1.01 (m, 6H); 3C NMR (101

MHz, CDCls) § 145.9 (d, J = 87.8 Hz), 139.6 (d, J = 75.2 Hz), 132.3 (d, J = 104.4 Hz) (overlap one peak of 131.8), 131.8, 131.3 (d,

J=95Hz), 1283 (d, J = 12.1 Hz), 127.0 (d, J = 10.1 Hz), 121.1 (d, J = 12.6 Hz), 36.5 (d, J = 68.6 Hz), 36.21 (d, J = 67.9 Hz),

36.18 (d, J = 68.3 Hz), 26.4 — 25.7 (m), 25.1 (d, J = 3.2 Hz), 24.8 (d, J = 3.2 Hz); *'P NMR (162 MHz, CDCl3) § 45.9,27.6 (d, J =
14.5 Hz). HRMS (ESI) caled for C23H3s0,P,* [M+H]* 405.2107, found 405.2109.

Of (7ba) White solid (m.p.: 74 - 76 °C); 37% yield; *H NMR (400 MHz, CDCls) & 7.90 — 7.85 (m, 2H), 7.47 —
1
HJ\/

. /@ (8a) White solid (m.p.: 176 - 178 °C); 70% yield; 'H NMR (400 MHz, CDCls) § 7.85 (dd, J = 13.7, 7.5 Hz,

B 4H), 7.58 (dd, J = 12.0, 7.3 Hz, 4H), 7.46 (t, J = 7.5 Hz, 2H), 7.39 (td, J = 7.6, 2.8 Hz, 4H), 7.31 — 7.09 (m,

ph)\/P‘O)PhZ 11H) (overlap one peak of 7.26), 6.97 (dd, J = 38.0, 19.3 Hz, 1H): *C NMR (101 MHz, CDCl3) 5 157.3 (d, J

= 66.8 Hz), 141.7 (dd, J = 16.2, 10.4 Hz), 137.2 (dd, J = 92.5, 8.8 Hz), 133.6(d, J = 107.8 Hz), 132.6 (d, J = 86.2 Hz), 132.4 (d, J =

10.8 Hz), 131.7 (d, J = 2.6 Hz), 131.0 — 130.9 (m), 128.6 (d, J = 12.3 Hz), 128.1, 128.0 (d, J = 3.7 Hz), 127.9 — 127.7 (m); %P NMR

(162 MHz, CDCl3) § 40.5 (d, J = 13.0 Hz), 16.2 (d, J = 13.6 Hz). HRMS (ESI) calcd for C3,H»OP,S* [M+H]* 521.1252, found
521.1252.

4H), 7.35—7.29 (m, 6H), 7.12 (s, 5H), 6.40 (dd, J = 39.2, 19.2 Hz, 1H), 1.87 — 1.69 (m, 12H), 1.47 — 1.35 (m,

NP2 41), 1,27 - 1.14 (m, 6H); 3C NMR (101 MHz, CDCl3) § 158.3 (d, J = 68.0 Hz), 142.3 (dd, J = 14.1, 10.8 Hz),

137.8 (dd, J = 73.9, 10.3 Hz), 133.6 (d, J = 86.1 Hz), 132.2 (d, J = 10.4 Hz), 130.9 (d, J = 2.8 Hz), 127.9 — 127.7 (m), 37.6 (d, J =

68.7 Hz), 26.7 — 26.4 (m), 25.9, 25.8 (d, J = 2.2 Hz); 3P NMR (162 MHz, CDCls) § 40.2, 39.4 (d, J = 11.6 Hz). HRMS (ESI) caled
for C3,H30OP,S* [M+H]* 533.2191, found 533.2189.

. (8b) White solid (m.p.: 242 - 243 °C); 83% yield; *H NMR (400 MHz, CDCl3) & 7.88 (dd, J = 13.4, 7.4 Hz,
H
Ph

7.49 (m, 6H), 7.34 — 7.30 (m, 3H), 7.21 — 7.19 (m, 2H), 6.94 (dd, J = 31.5, 21.6 Hz, 1H), 3.56 — 3.46 (m, 2H),
ANPOPN 96 103 (m, 2H), 1.78 — 1.48 (m, 12H), 1.42 — 1.32 (m, 2H), 1.20 — 1.10 (m, 2H), 1.01 — 0.92 (m, 2H); 3C
NMR (101 MHz, CDCls) 3 156.8 (d, J = 44.4 Hz), 142.7 (dd, J = 17.2, 8.1 Hz), 133.8 (dd, J = 92.7, 7.8 Hz), 133.5, 132.4 (d, J =

. (8¢c) White solid (m.p.: 253 - 255 °C); 68% yield; 'H NMR (400 MHz, CDCls) & 7.77 — 7.72 (m, 4H), 7.59 —
}I:I)
Ph
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2.6 Hz), 130.9 (d, J=9.5Hz), 129.1 (d, J = 12.2 Hz), 128.7 (d, J = 2.9 HZz), 128.0, 127.3, 40.5 (d, J = 45.9 Hz), 27.8 (d, J = 2.3 Hz),
27.3 (d, J = 3.0 Hz), 26.2 — 26.0 (m), 25.6; *'P NMR (162 MHz, CDCls) § 67.8 (d, J = 9.8 Hz), 18.1 (d, J = 8.9 Hz). HRMS (ESI)
caled for C3,H390P,S* [M+H]* 533.2191, found 533.2190.

7.50 (m, 6H), 7.28 (d, J = 1.4 Hz, 1H), 7.21 (dd, J = 4.9, 3.1 Hz, 1H), 7.10 (d, J = 5.0 Hz, 1H), 6.98 (dd, J =

NPOFh: 313 21.1 Hz, 1H), 3.56 — 3.48 (m, 2H), 1.95 (d, J = 12.4 Hz, 2H), 1.78 — 1.76 (m, 2H), 1.72 — 1.49 (m, 10H),

s 1.42 — 1.32 (m, 2H), 1.20 — 1.10 (m, 2H), 0.98 — 0.88 (m, 2H); *C NMR (101 MHz, CDCl3) § 151.9 (d, J =

45.9 Hz), 142.9 (dd, J = 18.1, 8.8 Hz), 133.4 — 132.4 (m), 130.9 (d, J = 9.6 Hz), 129.1 (d, J = 12.2 Hz), 129.0, 124.84 (d, J = 4.4

Hz), 123.9, 40.4 (d, J = 46.0 Hz), 27.6 (d, J = 2.3 Hz), 27.0 (d, J = 3.0 Hz), 26.1 (d, J = 9.9 Hz), 26.0 (d, J = 10.1 Hz), 25.6; 3'P

NMR (162 MHz, CDCls) 5 67.8 (d, J = 8.3 Hz), 18.4 (d, J = 8.7 Hz). HRMS (ESI) calcd for C3oH37OP,S, [M+H]" 539.1756, found
539.1749.

(8d) Yellow solid (m.p.: 212 - 214 °C); 89% yield; 'H NMR (400 MHz, CDCl3) & 7.78 — 7.73 (m, 4H), 7.60 —
i
/

O\ /@ (8e) Yellow oil; 75% yield; 'H NMR (400 MHz, CDCl3) & 7.99 — 7.94 (m, 2H), 7.71 — 7.66 (m, 2H), 7.54 —
P 7.42 (m, 6H), 7.37 — 7.26 (m, 6H) (overlap one peak of 7.26), 7.21 (dd, J = 4.9, 3.1 Hz, 1H), 7.07 (d, J = 4.9
(j)\vmmphz Hz, 1H), 6.85 (dd, J = 35.2, 19.2 Hz, 1H), 4.32 — 4.22 (m, 1H), 1.85 — 1.74 (m, 2H), 1.69 — 1.65 (m, 1H), 1.59
s — 1.45 (m, 5H); 3C NMR (101 MHz, CDCl3) & 153.0 (d, J = 57.7 Hz), 142.2 (dd, J = 17.9, 10.7 Hz), 134.6
(dd, J = 93.0, 8.9 Hz), 134.1 — 132.5 (m) (overlap one peak of 134.6), 132.1 — 132.0 (m), 131.8 (d, J = 2.6 Hz), 131.1 (d, J = 2.9
Hz), 130.9 (d, J = 9.7 Hz), 130.7 (d, J = 9.8 Hz), 128.9 (d, J = 12.2 Hz), 128.8 (d, J = 2.3 Hz), 128.6 (d, J = 12.4 Hz), 128.0 (d, J =
12.1 Hz), 124.7, 124.6 (d, J = 4.5 Hz), 38.7 (d, J = 53.9 Hz), 28.3, 27.6, 26.7 (d, J = 10.9 Hz), 26.6 (d, J = 10.3 Hz); 3P NMR (162
MHz, CDCl3) § 54.2 (d, J = 11.9 Hz), 17.8 (d, J = 12.0 Hz). HRMS (ESI) calcd for C20HOP,S,* [M+H]* 519.1130, found 519.1129.

O\S (8f) Yellow solid (m.p.: 164 - 166 °C); 76% yield; *H NMR (400 MHz, CDCls3) & 7.94 (dd, J = 12.5, 7.6 Hz,
P 2H), 7.41-7.38 (m, 3H), 7.26 — 7.25 (m, 1H) (overlap one peak of 7.26), 7.17 (s, 1H), 7.08 (d, J = 4.8 Hz, 1H),
a X0y 620 (dd, J = 35.9, 18.5 Hz, 1H), 4.44 — 4.35 (m, 1H), 1.98 — 1.79 (m, 9H), 1.72 — 1.61 (m, 8H), 1.50 — 1.41 (m,
s 5H), 1.25 (s, 3H), 1.09 — 0.97 (m, 5H); *C NMR (101 MHz, CDCls) § 154.0 (d, J = 57.7 Hz), 142.8 (dd, J =

15.4, 11.3 Hz), 135.0 (d, J = 78.9 Hz), 134.5 (dd, J = 74.8, 10.3 Hz), 132.3 (d, J = 10.1 Hz), 130.8 (d, J = 2.8 Hz), 129.0 (d, J = 1.7
Hz), 127.8 (d, J = 12.1 Hz), 124.3, 124.0 (d, J = 4.5 Hz), 38.0 (d, J = 53.4 Hz), 37.2 (dd, J = 69.1, 2.8 Hz), 28.1, 27.9, 26.9 — 25.7
(m), 25.4 (d, J = 2.8 Hz), 25.1 (d, J = 2.7 Hz); 3P NMR (162 MHz, CDCl3) 8 54.2 (d, J = 10.3 Hz), 41.8 (d, J = 8.9 Hz). HRMS
(ESI) calcd for CaoHa OP,S,* [M+H]* 531.2069, found 531.2067.

7.05 (m, 1H), 6.28 (dd, J = 31.9, 20.3 Hz, 1H), 3.41 (s, 2H), 2.04 — 1.87 (m, 12H), 1.75 — 1.63 (m, 14H), 1.47

@ POCy2 _ 136 (m, 6H), 1.26 — 1.15 (m, 10H); 3C NMR (101 MHz, CDCls) & 153.3 (d, J = 47.0 Hz), 142.4 (dd, J =

s 15.7, 8.8 Hz), 131.2 (d, J = 71.3 Hz), 128.0 (d, J = 1.9 Hz), 123.3 (d, J = 4.3 Hz), 122.8, 39.8 (d, J = 45.7 Hz),

36.4 (d, J = 69.2 Hz), 26.4 (d, J = 2.7 Hz), 26.1 (d, J = 2.9 Hz), 25.7 — 25.4 (m), 25.1 (d, J = 2.6 Hz), 24.9 (d, J = 2.5 Hz), 24.8, 24.8

(d, J = 3.0 Hz), 24.6; 3P NMR (162 MHz, CDCls) & 68.1, 42.1. HRMS (ESI) calcd for C3HaeOP2S,* [M+H]* 551.2695, found
551.2691.

(8g) Yellow solid (m.p.: 215 - 217 °C); 88% yield; *H NMR (400 MHz, CDCls) § 7.22 — 7.20 (m, 2H), 7.06 —
i
PO

s (8h) Yellow solid (m.p.: 91 - 93 °C); 75% yield; *H NMR (400 MHz, CDCls) 8 7.76 — 7.71 (m, 4H), 7.57 —
ANENTS 747 (m, 6H), 7.41 - 7.40 (m, 1H), 7.25 (dd, J = 5.0, 3.1 Hz, 1H), 7.16 (d, J = 4.9 Hz, 1H), 6.92 (dd, J = 33.3,
(])\VP(O)P” 20.1 Hz, 1H), 2.90 — 2.79 (m, 2H), 2.39 — 2.29 (m, 2H), 1.73 — 1.60 (m, 2H), 1.46 — 1.35 (m, 2H), 1.33 —

S 1.24 (m, 2H), 1.20 — 1.13 (m, 2H), 0.78 (¢, J = 7.3 Hz, 6H); 13C NMR (101 MHz, CDCls) 5 151.8 (d, J =
52.0 Hz), 142.3 (dd, J = 18.0, 10.1 Hz), 133.9 (dd, J = 92.8, 8.6 Hz), 133.1 (d, J = 107.8 Hz), 132.3 (d, J = 2.7 Hz), 130.9 (d, J =
9.6 Hz), 129.0 (d, J = 12.3 Hz), 128.8 (d, J = 2.2 Hz), 125.0 (d, J = 4.5 Hz), 124.6, 33.8 (d, J = 50.9 Hz), 24.7 (d, J = 4.1 Hz), 23.7
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(d, J = 17.5 Hz), 13.7; 3P NMR (162 MHz, CDCls) § 51.9 (d, J = 11.8 Hz), 18.6 (d, J = 10.6 Hz). HRMS (ESI) calcd for
CasH330P,S," [M+H]" 487.1433, found 487.1433.

(8i) White solid (m.p.: 174 - 176 °C); 73% yield; *H NMR (400 MHz, CDCls) § 7.24 —7.23 (m, 2H), 7.08
—7.06 (m, 1H), 6.19 (dd, J = 33.6, 20.1 Hz, 1H), 2.83 — 2.73 (m, 2H), 2.45 — 2.34 (m, 2H), 2.01 — 1.98 (m,
(E)\/P(O)Cb 2H), 1.87 — 1.73 (m, 12H), 1.57 — 1.30 (m, 12H), 1.25 — 1.17 (m, 4H), 0.90 (t, J = 7.2 Hz, 6H); *C NMR
S (101 MHz, CDCls3) 6 153.4 (d, J =51.8 Hz), 143.0 (dd, J = 15.5, 10.4 Hz), 132.8 (dd, J = 74.3, 9.4 Hz), 128.9
(d, J=1.9 Hz), 124.2 - 124.1 (m), 36.5 (d, J = 69.7 Hz), 34.1 (d, J = 50.9 Hz), 26.6 — 26.2 (m), 25.8, 25.2 (d, J = 3.0 Hz), 24.9 (d,
J=4.0 Hz), 23.9 (d, J = 18.2 Hz), 13.9; *'P NMR (162 MHz, CDCls) & 51.3 (d, J = 10.0 Hz), 42.4 (d, J = 7.3 Hz). HRMS (ESI)
caled for Co¢HasOP2S," [M+H]" 499.2382, found 499.2372.

S
PN PN

7.54 (m, 2H), 7.50 — 7.46 (m, 4H), 6.99 — 6.74 (m, 2H), 3.13 — 3.04 (m, 2H), 1.91 — 1.88 (M, 2H), 1.78 - 1.75

)\( Pho  (m, 2H), 1.59 — 1.41 (m, 10H), 1.38 — 1.27 (M, 2H), 1.18 — 0.97 (m, 4H); 3C NMR (101 MHz, CDCls) § 148.6

H (d, J =56.1 Hz), 135.8 (dd, J = 94.1, 2.3 Hz), 132.4 (d, J = 2.6 Hz), 132.2 (d, J = 106.7 Hz), 130.9 (d, J = 9.7

Hz), 129.0 (d, J = 12.3 Hz), 39.0 (d, J = 46.8 Hz), 27.1 (d, J = 3.3 Hz), 27.0 (d, J = 2.3 Hz), 26.1 (d, J = 5.0 Hz), 26.0 (d, J = 4.7

Hz), 25.6 (d, J = 1.2 Hz); 3P NMR (162 MHz, CDCls) & 60.7 (d, J = 18.0 Hz), 18.8 (d, J = 18.0 Hz). HRMS (ESI) caled for
Ca6H3sOP,S* [M+H]* 457.1878, found 457.1877.

(8]) White solid (m.p.: 199 - 201 °C); 59% yield; 'H NMR (400 MHz, CDCls) & 7.71 — 7.66 (m, 4H), 7.58 —
.SF.,
H x_F(0)

©% oy (10a) White solid (m.p.: 160 - 162 °C); 60% yield: 'H NMR (400 MHz, CDCls) 8 7.35 ~ 7.12 (m, 16H), 2.84 - 2.73

[ BHs (m, 2H), 1.90 - 1.87 (m, 2H), 1.76 — 1.69 (m, 4H), 1.60 — 1.36 (m, 8H), 1.20 — 1.04 (m, 4H), 0.93 — 0.83 (m, 2H),
PPh; 0,54 -0.22 (m, 3H); 3C NMR (101 MHz, CDCls) 5 150.4 (dd, J = 34.4, 26.1 Hz), 147.2 (d, J = 18.8 Hz), 143.7 (dd,
J=13.4,10.7 Hz), 137.9 (d, J = 8.8 Hz), 132.7 (d, J = 19.1 Hz), 129.2, 128.9 (d, J = 6.9 Hz), 128.3 (d, J = 3.1 Hz), 127.61, 127.59,
36.5 (dd, J = 29.8, 15.0 Hz), 28.5, 28.0, 26.9 (d, J = 11.9 Hz), 26.7 (d, J = 11.5 Hz), 25.8 (d, J = 1.1 Hz); 3P NMR (162 MHz,
CDCls) § 35.0, -30.2; 1B NMR (128 MHz, CDCls) & -42.0. HRMS (ESI) calcd for C3,HiBP,* [M+H]" 499.2849, found 499.2846.

(10b) White solid (m.p.: 100 - 102 °C); 70% yield; *H NMR (400 MHz, CDCl) & 7.32 — 7.17 (m, 13H), 7.13 — 7.05

Y (m, 3H), 3.17 — 3.04 (m, 2H), 1.87 — 1.77 (m, 4H), 1.70 — 1.42 (m, 10H), 1.34 — 1.26 (M, 2H), 0.69 — -0.09 (m, 3H);

\[ BHs  13C NMR (101 MHz, CDCl3) & 151.1 (dd, J = 36.5, 25.0 Hz), 146.0 (dd, J = 19.8, 1.5 Hz), 142.5 (dd, J = 13.0, 10.6

PPh;  Hgz),137.1(d, J = 9.0 Hz), 131.5 (d, J = 18.9 Hz), 128.0, 127.8 (d, J = 6.7 Hz), 127.2 (d, J = 2.9 Hz), 126.55, 126.50,

35.5 (dd, J = 33.1, 15.2 Hz), 28.3 (d, J = 2.5 Hz), 27.4 (d, J = 3.9 Hz), 25.7 (d, J = 9.8 Hz), 24.7 (d, J = 10.1 Hz); 3P NMR (162

MHz, CDCls) & 35.0, -30.1; 1B NMR (128 MHz, CDCls) § -43.9. HRMS (ESI) caled for C3H3sBP,* [M+H]" 471.2536, found
471.2535.

7B e (100) Colorless oil; 64% yield; *H NMR (400 MHz, CDCI5) 5 7.52 - 7.48 (m, 4H), 7.42 - 7.31 (m, 11H), 7.18 (dd,

[ B 3=30.0,3.7 Hz, 1H), 2.12 — 2.05 (m, 4H), 1.54 — 1.45 (m, 4H), 1.34 — 1.25 (m, 4H), 1.06 — 0.27 (m, 9H); 2*C NMR

PPh; (101 MHz, CDCls) & 150.2 (dd, J = 37.7, 27.1 Hz), 146.7 (dd, J = 20.8, 7.3 Hz), 142.6 — 142.4 (m), 138.2 (d, J = 9.7

Z), . ,J = 19, Z), U, . ,Jd=0. Z), 2, .U, . ,Jd =2 Z), £2. ,Jd=04.2, 1Z2. Z), £2. ,

Hz), 132.8 (d, J = 19.0 Hz), 129.0, 128.8 (d, J = 6.6 Hz), 128.2, 128.0, 127.8 (d, J = 2.7 Hz), 25.6 (dd, J = 34.2, 12.0 Hz), 25.2 (d

J=2.2Hz),24.3 (d, J = 13.7 Hz), 13.6; P NMR (162 MHz, CDCls) § 20.6, -29.6 (d, J = 5.7 Hz); 1'B NMR (128 MHz, CDCls) §
-36.6. HRMS (ESI) caled for CosHasBP,* [M+H]* 447.2536, found 447.2531.

Ph ~PPh:  (10d) White solid (m.p.: 158 - 160 °C); 60% yield; *H NMR (400 MHz, CDCls) 8 7.36 — 7.27 (m, 10H), 7.12 (t, J =
by, 72 Hz, 1H), 7.04 (t, J = 7.4 Hz, 2H), 6.80 (d, J = 7.4 Hz, 2H), 653 (dd, J = 36.7, 12.8 Hz, 1H), 2.38 — 2.29 (m, 2H),
BHs 2,06 - 1.96 (M, 4H), 1.88 — 1.82 (m, 4H), 1.76 — 1.71 (m, 2H), 1.61 — 1.52 (m, 4H), 1.31 — 1.21 (m, 6H), 0.91 — 0.61
(m, 3H); *C NMR (101 MHz, CDCls) 5 160.1 (d, J = 32.7 Hz), 142.8 (dd, J = 12.8, 4.3 Hz), 136.8 (dd, J = 42.9, 39.7 Hz), 135.4
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(d, J = 13.1 Hz), 133.4 (d, J = 19.3 Hz), 128.6, 128.2 (d, J = 6.4 Hz), 127.8, 127.5, 127.4, 34.7 (dd, J = 32.9, 6.3 Hz), 27.4 (d, J =
9.7 Hz), 26.9 (d, J = 11.3 Hz), 26.0; 'P NMR (162 MHz, CDCls) § 21.7, -5.7 (d, J = 13.8 Hz); !B NMR (128 MHz, CDCl3) § -
39.6. HRMS (ESI) caled for Ca;HypBP,* [M+H]* 499.2849, found 499.2838.

OMe

(10e) White solid (m.p.: 133 - 135 °C); 45% vield; 'H NMR (400 MHz, CDCls) § 7.22 (t, J = 15.4 Hz, 4H),
7.12 (t, J = 7.3 Hz, 1H), 7.04 (t, J = 7.6 Hz, 2H), 6.79 (d, J = 8.1 Hz, 4H), 6.74 (d, J = 7.3 Hz, 2H), 6.40 (dd,
J=36.5,13.6 Hz, 1H), 3.78 (s, 6H), 2.39 — 2.30 (m, 2H), 2.04 — 1.94 (m, 4H), 1.87 — 1.80 (m, 4H), 1.74 —

Ph | POOME’ 1.69 (m, 2H), 1.55 — 1.52 (m, 4H), 1.30 — 1.21 (m, 6H), 0.98 — 0.33 (m, 3H); *C NMR (101 MHz, CDCl5)

PCyz
BHj3

8161.2(d,J=33.5Hz), 160.2, 143.2 (dd, J = 13.0, 4.6 Hz), 135.8 (dd, J = 43.2, 40.1 Hz), 135.0 (d, J = 20.9
Hz), 127.8,127.5, 127.3, 126.4 (d, J = 10.2 Hz), 113.9 (d, J = 7.4 Hz), 55.2, 34.7 (dd, J = 32.9, 6.9 Hz), 27.6,

27.4, 27.0, 26.9, 26.0; *'P NMR (162 MHz, CDCls3) § 21.6, -8.9 (d, J = 13.8 Hz); !B NMR (128 MHz, CDCl3) § -39.6. HRMS
(ESI) calcd for C34H46BO,P>" [M+H]" 559.3061, found 559.3053.

phTPOF

ri’Cyz
BHj3

(10f) White solid (m.p.: 128 - 130 °C); 63% yield; *H NMR (400 MHz, CDCls) § 7.29 — 7.23 (m, 4H) (overlap
one peak of 7.26), 7.12 (t, = 7.4 Hz, 1H), 7.04 (t, J = 7.8 Hz, 2H), 6.96 — 6.92 (m, 4H), 6.69 (d, J = 7.2 Hz,
2H), 6.47 (dd, J = 36.1, 10.1 Hz, 1H), 2.24 — 2.16 (m, 2H), 2.05 — 1.73 (m, 10H), 1.57 — 1.47 (m, 4H), 1.30 —
1.21 (m, 6H), 0.94 —0.34 (m, 3H); *C NMR (101 MHz, CDCls) § 163.3 (d, J = 250.2 Hz), 160.4 (dd, J = 33.4,
2.9 Hz), 142.7 (dd, J = 12.9, 4.5 Hz), 137.1 — 136.3 (m), 135.4 (dd, J = 21.1, 8.0 Hz), 130.9 (dd, J = 13.6, 3.4
Hz), 127.7, 127.58, 127.55, 115.5 (dd, J = 21.0, 7.0 Hz), 34.6 (dd, J = 33.2, 4.8 Hz), 27.34, 27.28, 27.0 (d, J =

4.3 Hz), 26.9 (d, J = 5.1 Hz), 26.0; 3P NMR (162 MHz, CDCl3) § 21.6, -7.53 — -7.69 (m); **F NMR (376 MHz, CDCls) § -112.0
(d, J = 4.9 Hz); B NMR (128 MHz, CDCls) & -39.4. HRMS (ESI) caled for C3,HaoBF2P,* [M-BH,]* 521.2334, found 521.2329.

T
?Cb

BH3

UB NMR (128 M

F

Ph\[P
|
PCy, F
BH;

Hz), 115.8 (d, J =

MHz, CDCls) 6 2

(10g) White solid (m.p.: 148 - 150 °C); 56% vield; *H NMR (400 MHz, CDCls) 8 7.21 — 7.00 (m, 11H), 6.77

(d, J =7.4 Hz, 2H), 6.45 (dd, J = 36.8, 13.9 Hz, 1H), 2.39 — 2.31 (m, 8H), 2.03 — 1.93 (m, 4H), 1.84 — 1.79 (m,

4H), 1.73 — 1.68 (m, 2H), 1.57 — 1.50 (m, 4H), 1.29 — 1.22 (m, 6H), 0.84 — 0.23 (m, 3H); °C NMR (101 MHz,

CDCls) 5 160.5 (d, J = 32.9 Hz), 143.0 (dd, J = 12.7, 4.5 Hz), 138.5, 136.5 (dd, J = 43.2, 40.0 Hz), 133.5 (d, J

=19.6 Hz), 131.9 (d, J = 11.7 Hz), 129.0 (d, J = 6.6 Hz), 127.8, 127.5, 127.3, 34.7 (dd, J = 32.9, 6.9 Hz), 27.5

(d, J = 13.0 Hz), 26.9 (d, J = 11.3 Hz), 26.0, 21.3; 3'P NMR (162 MHz, CDCls) 5 21.8, -7.1 (d, J = 13.2 Hz);
Hz, CDCls) 5 -40.1. HRMS (ESI) caled for C34HasBPy" [M-BH.]* 513.2835, found 513.2844.

(10h) White solid (m.p.: 155 - 156 °C); 57% vield; *H NMR (400 MHz, CDCl3) § 7.27 — 7.21 (m, 2H), 7.15 —
7.11 (m, 3H), 7.07 — 7.03 (m, 2H), 7.01 — 6.94 (m, 4H), 6.77 (d, J = 7.2 Hz, 2H), 6.57 (dd, J = 36.5, 9.4 Hz, 1H),
2.23 — 2.14 (m, 2H), 2.06 — 1.74 (m, 10H), 1.58 — 1.49 (m, 4H), 1.34 — 1.20 (m, 6H), 1.01 — 0.25 (m, 3H); 1°C
NMR (101 MHz, CDCls) & 162.5 (dd, J = 249.8, 7.3 Hz), 159.4 (dd, J = 33.3, 2.9 Hz), 142.4 (dd, J = 12.6, 4.3
Hz), 138.1 — 137.1 (m), 130.0 - 129.8 (m), 129.2 (dd, J = 21.6, 2.9 Hz), 127. 8, 127.5, 119.8 (dd, J = 21.8, 18.2
21.3 Hz), 34.6 (dd, J = 33.2, 4.4 Hz), 27.31, 27.25, 27.0 (d, J = 4.9 Hz), 26.9 (d, J = 5.8 Hz), 26.0; 3P NMR (162
1.9, -5.0 (d, J = 15.4 Hz); 1*F NMR (376 MHz, CDCls) § -112.3; 1B NMR (128 MHz, CDCl3) & -39.4. HRMS

(ESI) caled for C3,HoBF2P," [M+H]* 535.2661, found 535.2671.

g
PhTPQ
pcy, C

|
BHj

3

(10i) White solid (m.p.: 161 - 163 °C); 54% vield; *H NMR (400 MHz, CDCls) & 7.25 — 7.03 (m, 11H), 6.73 —
6.71 (m, 2H), 6.55 (dd, J = 36.1, 9.2 Hz, 1H), 2.20 — 2.11 (m, 2H), 2.04 — 1.73 (m, 10H), 1.56 — 1.47 (m, 4H),
1.33-1.20 (m, 6H), 1.09 — 0.20 (m, 3H); 3C NMR (101 MHz, CDCls) § 159.4 (dd, J = 33.4, 3.1 Hz), 142.3 (dd,
J=12.8, 4.3 Hz), 137.6 (d, J = 17.5 Hz), 137.8 — 137.0 (m), 134.5 (d, J = 6.3 Hz), 132.9 (d, J = 18.9 Hz), 131.5
(d, J = 21.1 Hz), 129.6 (d, J = 7.0 Hz), 128.9, 127.8, 127.5, 34.5 (dd, J = 33.4, 4.3 Hz), 27.3, 27.2, 27.0 (d, J =
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5.8 Hz), 26.9 (d, J = 6.9 Hz), 26.0; 3P NMR (162 MHz, CDCls) §21.9, -4.8 (d, J = 15.0 Hz); B NMR (128 MHz, CDCls) § -39.7.
HRMS (ESI) caled for CaHioBClLP;* [M+H]* 567.2070, found 567.2072.

(10j) White solid (m.p.: 115 - 117 °C); 61% vield; *H NMR (400 MHz, CDCls) & 7.12 — 6.98 (m, 9H), 6.78 —
6.76 (m, 2H), 6.43 (dd, J = 37.1, 15.4 Hz, 1H), 2.46 — 2.37 (m, 2H), 2.23 (s, 6H), 2.15 (s, 6H), 2.06 — 1.95 (m,
4H), 1.86 — 1.72 (m, 4H), 1.72 — 1.70 (m, 2H), 1.60 — 1.49 (m, 4H), 1.30 — 1.24 (m, 6H), 0.98 — 0.31 (m, 3H);

Ph\[P 13C NMR (101 MHz, CDCl3) & 160.8 (d, J = 32.8 Hz), 143.2 (dd, J = 12.8, 4.5 Hz), 137.2, 136.8 — 136.0 (m),
PCy, 134.7 (d, J =20.5 Hz), 132.2 (d, J = 11.0 Hz), 131.0 (d, J = 18.6 Hz), 129.5 (d, J = 6.7 Hz), 127.9, 127.4, 127.3,
BHj3

34.8 (dd, J=32.8, 7.8 Hz), 27.6 (d, J = 17.0 Hz), 26.9 (d, J = 11.4 Hz), 26.0, 19.7, 19.6; 3'P NMR (162 MHz,
CDCl3) 8 21.8,-7.2(d, J=12.9 Hz); B NMR (128 MHz, CDCls3) § -40.4. HRMS (ESI) calcd for C3sHsoBP," [M-BH,]" 541.3148,
found 541.3138.

Cy, Oy (10k) White solid (m.p.: 173 - 175 °C); 40% yield; *H NMR (400 MHz, CDCls) § 7.34 — 7.26 (m, 3H), 7.12 (d, J =

Ph P\BH3 6.1 Hz, 2H), 6.48 (d, J = 24.8 Hz, 1H), 3.12 — 3.03 (m, 2H), 2.01 — 1.44 (m, 29H), 1.38 —-0.20 (m, 19H); 3C NMR

PCy, (101 MHz, CDCls) 6 157.9 (dd, J = 30.5, 2.4 Hz), 145.0 (t, J = 13.0 Hz), 135.5 (d, J = 32.8 Hz), 127.9, 127.7, 35.2

BHa (d, 3 =29.3 Hz), 35.1 (d, J = 35.7 Hz), 28.23, 28.16, 27.2, 27.0 — 26.8 (m), 26.4 — 26.2 (m), 26.0, 25.7; 3P NMR

(162 MHz, CDCl3) 5 33.7,19.1, 1B NMR (128 MHz, CDCl3) § -39.1, -42.9. HRMS (ESI) caled for C3;Hs4BP," [M-BH,]" 511.3789,
found 511.3782.

s8-8y (101) White solid (m.p.: 120 - 122 °C); 65% yield; 'H NMR (400 MHz, CDCls) § 7.39 — 7.34 (m, 3H), 7.16 - 7.14

Ph\[P\BHg (m, 2H), 6.38 (d, J = 28.6 Hz, 1H), 2.14 — 1.72 (m, 16H), 1.47 — 1.38 (m, 8H), 1.34 — 1.21 (m, 10H), 0.93 — 0.17 (m,

PCy,  12H); 13C NMR (101 MHz, CDCls) § 156.0 (dd, J = 32.8, 1.9 Hz), 143.8 (dd, J = 12.4, 9.7 Hz), 136.7 (dd, J = 33.8,

O 47 Hz),128.2,128.1, 127.3 (d, J = 1.9 Hz), 34.7 (d, J = 34.8 Hz), 27.1 - 26.7 (m), 26.0, 25.30, 25.28, 25.0, 24.2 (d,

J=145Hz), 13.7; *P NMR (162 MHz, CDCl3) 5 19.7, 19.0; “B NMR (128 MHz, CDCls) & -37.4, -39.3. HRMS (ESI) caled for
CasHsoBP,* [M-BH,]* 459.3476, found 459.3470.

cl (10m) White solid (m.p.: 160 - 162 °C); 65% vield; *H NMR (400 MHz, CDCls) & 7.32 — 7.22 (m, 10H), 6.97
PPh,  (d, J = 8.6 Hz, 2H), 6.69 (d, J = 8.5 Hz, 2H), 6.48 (dd, J = 36.5, 12.7 Hz, 1H), 2.35 — 2.26 (m, 2H), 2.02 — 1.69
pcy, (M, 10H), 157 - 1.47 (m, 4H), 1.26 - 1.15 (m, 6H), 0.95 - 0.40 (m, 3H); 13C NMR (101 MHz, CDCls) 5 158.8
BH:;  (d, J = 33.5 Hz), 141.1 (dd, J = 12.9, 4.6 Hz), 137.6 (dd, J = 41.9, 39.7 Hz), 135.0 (d, J = 13.3 Hz), 133.5 —
133.2 (m), 129.1, 128.8, 128.4 (d, J = 6.4 Hz), 127.7, 34.7 (dd, J = 32.7, 6.5 Hz), 27.53, 27.45, 27.0, 26.9, 26.0; 3P NMR (162
MHz, CDCls) § 22.6, -6.2 (d, J = 13.6 Hz); B NMR (128 MHz, CDCl3) § -39.8. HRMS (ESI) caled for C3,HyBCIP,* [M-BH,]*
519.2132, found 519.2127.

Moo (10n) Colorless oil; 63% yield; *H NMR (400 MHz, CDCls) § 7.27 — 7.23 (m, 4H), 7.19 — 7.15 (m, 6H), 6.70

ppn, (d,3=8.7 Hz, 2H), 6.49 - 6.35 (m, 3H), 3.60 (5, 3H), 2.29 — 2.20 (m, 2H), 1.93 - 1.83 (m, 4H), 1.74 - 1.68

(m, 4H), 1.61 — 1.60 (m, 2H), 1.49 — 1.39 (m, 4H), 1.17 — 1.03 (m, 6H), 0.80 — 0.33 (m, 3H); *C NMR (101

Eﬁf MHz, CDCls) § 159.18, 159.15 (d, J = 31.6 Hz), 136.0 (dd, J = 43.5, 40.3 Hz), 135.5 (d, J = 13.2 Hz), 135.1

(dd, J = 13.0, 4.3 Hz), 133.2 (d, J = 19.2 Hz), 129.3, 128.5, 128.2 (d, J = 6.4 Hz), 113.0, 55.2, 34.8 (dd, J =

32.9,7.0 Hz), 27.6, 27.5, 27.0, 26.8, 26.0; 3P NMR (162 MHz, CDCl3) § 21.9, -5.8 (d, J = 14.6 Hz); 1'B NMR (128 MHz, CDCl,)
§-39.9. HRMS (ESI) calcd for C3;HyuBOP,* [M+H]* 529.2955, found 529.2953.

(100) White solid (m.p.: 136 - 138 °C); 64% yield; *H NMR (400 MHz, CDCls) & 7.44 — 7.39 (m, 4H), 7.38 — 7.34
PPh
7 (m, 6H), 582 (dd, J = 39.1, 15.8 Hz, 1H), 2.39 — 2.30 (m, 2H), 1.92 ~ 1.89 (m, 2H), 1.76 - 1.62 (m, 8H), 1.54 - 1.34

FCy2  (m, 5H), 1.22 - 1.00 (m, 6H), 0.87 — 0.18 (m, 7H), 13C NMR (101 MHz, CDCls) § 162.5 (d, J = 24.9 Hz), 136.0 (d,
BH,
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J=12.8Hz), 133.3 (d, J = 18.7 Hz), 128.6, 128.5 (d, J = 6.4 Hz), 125.3 (dd, J = 49.8, 36.6 Hz), 34.6 (dd, J = 33.0, 8.9 Hz), 27.7—
25.9 (M), 18.9 (dd, J = 13.0, 3.2 Hz), 11.1; *'P NMR (162 MHz, CDCls) § 20.9, -6.7 (d, J = 13.2 Hz); !B NMR (128 MHz, CDCl5)
§ -40.7. HRMS (ESI) caled for C2oHypBP* [M+H]* 463.2849, found 463.2842.

OMe (10p) White solid (m.p.: 130 - 132 °C); 55% yield; *H NMR (400 MHz, CDCls) § 7.32 (dd, J = 8.7, 6.9 Hz,

4H), 6.89 (d, J = 7.9 Hz, 4H), 5.73 (dd, J = 38.6, 16.5 Hz, 1H), 3.80 (s, 6H), 2.40 — 2.31 (m, 2H), 1.91 —

1.87 (m, 2H), 1.76 — 1.61 (m, 8H), 1.54 — 1.31 (m, 5H), 1.21 — 1.00 (m, 6H), 0.85 — 0.29 (m, 7H); 3C NMR

P—@OMG (101 MHz, CDCl3) & 163.5 (d, J = 25.3 Hz), 160.2, 134.7 (d, J = 20.2 Hz), 127.1 (d, J = 10.0 Hz), 124.2

| PGy, (dd, J =50.5, 36.5 Hz), 114.2 (d, J = 7.2 Hz), 55.2, 34.6 (dd, J = 33.2, 9.6 Hz), 27.7, 27.4,26.8 (d, J = 12.1

BH; Hz), 26.7 (d, J = 11.0 Hz), 25.9, 18.6 (dd, J = 13.2, 3.3 Hz), 11.0; 3'P NMR (162 MHz, CDCls) § 20.5, -

9.5 (d, J=12.1 Hz); **B NMR (128 MHz, CDCl3) § -40.7. HRMS (ESI) caled for Cs1HyBO,P,* [M+H]* 523.3061, found 523.3057.

PPh,  (10q) White solid (m.p.: 93 - 95 °C); 64% yield; *H NMR (400 MHz, CDCls) § 7.45 — 7.26 (m, 11H), 6.51 (dt, J = 31.8,
[PCYZ 14.6 Hz, 1H), 2.25 — 2.17 (m, 2H), 1.94 — 1.68 (m, 10H), 1.42 — 1.34 (m, 4H), 1.26 — 1.14 (m, 6H), 0.89 — 0.22 (m, 3H);

BH:  13C NMR (101 MHz, CDCls) § 150.7 (d, J = 20.4 Hz), 138.4 (d, J = 10.7 Hz), 135.3 (dd, J = 42.9, 27.6 Hz), 132.8 (d, J =
18.9 Hz), 128.9, 128.7 (d, J = 6.6 Hz), 33.4 (dd, J = 32.9, 6.2 Hz), 27.1 — 26.7 (m), 25.9; 3:P NMR (162 MHz, CDCls) 5 24.0 (d, J
=57.0 Hz), -26.5 (d, J = 2.5 Hz); ‘B NMR (193 MHz, CDCls) § -41.1. HRMS (ESI) caled for CaH3sBP,* [M+H]" 423.2536, found
423.2528.

Mes, Mes  (10r) White solid (m.p.: 98 - 100 °C); 20% yield; 'H NMR (400 MHz, CDCl;) § 7.64 (dd, J = 35.2, 14.2 Hz, 1H), 6.80
| : (d, J=2.7 Hz, 4H), 6.23 (ddd, J = 31.2, 14.2, 11.4 Hz, 1H), 2.30 (s, 12H), 2.24 (s, 6H), 1.97 — 1.89 (m, 2H), 1.82 — 1.64
PCy, (M, 10H), 1.31 — 1.27 (m, 4H), 1.18 — 1.11 (m, 6H), 0.8 — 0.44 (m, 3H); *C NMR (101 MHz, CDCls) 5 154.4 (d, J =

5 23.1Hz), 1425 (d, 3 = 15.2 Hz), 138.2, 132.4 (d, J = 19.1 Hz), 130.7 - 129.9 (m), 33.2 (dd, J = 33.5, 3.8 Hz), 27.0, 26.9,
26.8, 26.7, 25.9, 23.6, 23.5, 20.8; 3'P NMR (162 MHz, CDCls) § 22.5, -36.7; 1'B NMR (128 MHz, CDCl3) & -41.7. HRMS (ESI)

calcd for C3;H47P>" [M-BH,]" 493.3148, found 493.3158.

nBu_n-Bu  (10s) White solid (m.p.: 121 - 123 °C); 70% yield; "H NMR (400 MHz, CDCls)  6.88 — 6.51 (m, 2H), 2.10 - 1.70 (m,

| PTBH: 16H), 1.60 — 1.33 (M, 12H), 1.28 — 1.16 (m, 6H), 0.92 — 0.16 (m, 12H); 3C NMR (101 MHz, CDCls) & 143.0 (d, J =

PCy,  40.6 Hz), 138.8 (dd, J = 38.2, 3.7 Hz), 33.8 (d, J = 34.4 Hz), 26.9 - 26.6 (M), 25.9 (d, J = 1.1 Hz), 25.2 (d, J = 1.5 H2),

P 252 (d,J=35.4 Hz), 24.2 (d, J = 14.1 Hz), 13.7; 3P NMR (162 MHz, CDCl3) 6 21.1, 10.5 (d, J = 59.0 Hz): 1B NMR
(193 MHz, CDCls) § -38.3, -40.9. HRMS (ESI) calcd for Co»HaoBoP>* [M+Na]* 419.3310, found 419.3331.

(10t) White solid (m.p.: 149 - 151 °C); 60% yield; *H NMR (400 MHz, CDCls) & 7.73 (t, J = 8.9 Hz, 2H), 7.49 (t, J =
Ph\PgH 7.1 Hz, 1H), 7.43 (t, J = 7.5 Hz, 2H), 7.12 - 6.98 (m, 1H), 6.78 — 6.62 (M, 1H), 2.67 — 2.58 (m, 1H), 2.41 — 2.32 (m, 1H),
[ 7 2.06-197(m, 1H), 1.93 - 1.86 (m, 1H), 1.76 — 1.54 (m, 14H), 1.49 — 1.17 (m, 11H), 1.13 — 0.00 (m, 8H); *C NMR
ZEZZ (101 MHz, CDCls) & 141.5 (d, J = 39.5 Hz), 139.5 (dd, J = 45.0, 3.5 Hz), 132.7 (d, J = 8.7 Hz), 131.6 (d, J = 2.4 Hz),
129.0 (d, J = 53.1 Hz), 128.8 (d, J = 9.9 Hz), 37.2 (d, J = 40.5 Hz), 33.1 (dd, J = 32.0, 29.4 Hz), 27.8 (d, J = 2.2 Hz),
27.7,27.54 (d, J = 1.9 Hz), 27.45 (d, J = 1.5 Hz), 27.3, 27.0, 26.7 — 26.3 (M), 25.9 — 25.6 (m); P NMR (162 MHz, CDCls)  23.8
(d, J = 41.9 Hz), 15.0; “B NMR (193 MHz, CDCls) & -40.2, -42.1. HRMS (ESI) calcd for CasHiBP,* [M+H]™ 415.2849, found
415.2841.

Cy €y (10u) White solid (m.p.: 106 - 108 °C); 62% yield; *H NMR (400 MHz, CDCls) § 6.74 — 6.63 (m, 2H), 2.33 — 2.24 (m,

| "7BHs 4H), 1.89 — 1.70 (M, 20H), 1.44 — 1.15 (m, 20H), 0.87 — 0.44 (m, 6H); °C NMR (101 MHz, CDCl3) 5 140.1 (d, J = 37.6

PCy,  Hz),33.8(d, J =329 Hz), 27.4, 27.3,26.7 — 26.5 (M), 25.8; 3P NMR (162 MHz, CDCl;) 5 21.6; B NMR (128 MHz,
* CDCly) § -41.0. HRMS (ESI) caled for CagHsoBPy™ [M-BH,]* 435.3476, found 435.3480.
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PhoMew _omerh  (10V) White solid (m.p.: 97 - 99 °C); 57% yield; *H NMR (400 MHz, CDCl;) 8 7.38 — 7.15 (m, 9H), 6.56 (dlt, J

| = 30.6, 13.8 Hz, 1H), 2.47 (s, 6H), 2.18 — 2.09 (m, 2H), 1.93 — 1.66 (m, 10H), 1.45 — 1.09 (m, 10H), 0.97 — 0.24

PCy, (m, 3H); 3C NMR (101 MHz, CDCls) 5 151.4 (d, J = 20.8 Hz), 142.2 (d, J = 26.5 Hz), 136.7 (d, J = 11.6 Hz),

o 135.3 (dd, J = 43.1, 27.4 Hz), 132.3, 130.3 (d, J = 4.8 Hz), 128.9, 126.2 (d, J = 0.7 Hz), 33.5 (dd, J = 33.2, 5.4

Hz), 27.1 - 26.7 (m), 25.9 (d, J = 1.1 Hz), 21.5 (d, J = 20.9 Hz); 3'P NMR (162 MHz, CDCls) § 23.8, -43.3; B NMR (128 MHz,
CDCls) 5 -41.4. HRMS (ESI) calcd for CosHyoBP,* [M+H]* 451.2849, found 451.2847.

(10aa) White solid (m.p.: 220 - 222 °C); 61% yield; *H NMR (400 MHz, CDCls) 5 8.37 — 8.33 (m, 2H), 7.57

- QS (s, 3H), 7.47 — 7.15 (m, 10H), 5.01 — 4.92 (m, 1H), 2.61 — 2.55 (m, 1H), 2.17 — 2.07 (m, 1H), 1.73 — 1.43 (m,
Ph)\/P<© 10H), 1.28 — 1.11 (m, 6H), 1.02 — 0.82 (M, 3H), 0.73 — 0.56 (M, 3H); 13C NMR (101 MHz, CDCl3) & 134.6 (d,
J=4.0Hz),132.7 (d, J = 9.2 Hz), 131.9 (d, J = 2.8 Hz), 131.5 (d, J = 80.0 Hz), 131.3 (d, J = 9.7 Hz), 131.1

(d, J = 2.8 Hz), 130.6 (br), 130.4 (d, J = 76.9 Hz), 128.9 (d, J = 11.7 Hz), 128.0 — 127.8 (m), 127.8 (d, J = 3.0 Hz), 40.2 (d, J = 50.4
Hz), 39.0 (d, J = 45.2 Hz), 37.1 (d, J = 47.8 Hz), 26.9 (d, J = 13.5 Hz), 26.5 (d, J = 13.2 Hz), 26.3 — 26.1 (m), 25.6 (d, J = 14.1 Hz),
25.3 (d, J = 3.3 Hz), 24.6 (dd, J = 41.4, 2.8 Hz); 3P NMR (162 MHz, CDCls) § 64.0 (d, J = 50.6 Hz), 53.9 (d, J = 50.5 Hz). HRMS
(ESI) calcd for CxHaP2Sy* [M+H]" 551.2119, found 551.2127.
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12. DFT calculation
12.1 Computational details
All calculations were implemented in Gaussian 16C. Geometries are optimized in implicit IEFPCM(CHCIs3) solvent at M06-
2X/def2-SVP level of theory. Minima and transition structures on the potential energy surface (PES) were confirmed as such
by harmonic frequency analysis, showing respectively zero or one imaginary frequency at the same level of theory. The Gibbs
energies were further corrected with IEFPCM(CHCI3)-MO06-2X/def2-TZVP single-point energy evaluations. The final
IEFPCM (CHCI3)-M06-2X/def2- TZVP// IEFPCM (CHCl3)-M06-2X/def2-SVP free energies are used for discussion of
reaction mechanisms throughout the main text and these supplementary materials. The molecular structures were visualized
using PyMOL software.

12.2 Cartesian coordinates of optimized structures.

Ph.PHO
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-0.03139300
-1.44620500
-1.50647000
-2.50129800
-2.62659700
-0.67745700
-3.62066400
-2.42869700
-3.68311400
-2.67510100
-4.44500300
-4.55831700
1.46138400
2.03487100
2.03408500
3.16721100
1.60824200
3.16752600
1.59119800
3.72977000
3.61666400
3.61702000
4.61791000
-0.13293900
0.00495300

-0.02104000
1.57864900
2.23749100
1.70178700
1.87903200
1.58989400
1.11558200
3.14503200

-1.32552100

-0.90787600

-2.08786500

-2.13428000

-1.28940400

-2.45320500

-3.20773500

1.20954700
0.17790300
-1.19604600
0.81747300
-1.92528800
-1.70356000
0.08292400
1.88875300
-1.28523400
-2.99665900
0.58043000
-1.85939000
0.31358800
-0.67804500
0.64070800
-1.36023600
-0.91367500
-0.04108600
1.43723800
-1.04321900
-2.13377300
0.21240500
-1.57494800
2.60134400
1.08856000

-0.65166600
-0.82962000
-1.03493200
-1.68783300
0.92630100
1.72064000
1.20043800
1.03772800
-0.84761200
-0.70581000
-1.94812000
0.73540000
1.72336800
0.64653700
0.90377800

-0.74634300
-0.25741700
-0.51585100
0.39802100
-0.12336300
-1.01564100
0.79110900
0.59564800
0.52925200
-0.32268300
1.30406800
0.83732300
-0.24533000
-1.04735700
0.98815400
-0.60296000
-2.02603200
1.42708800
1.59003600
0.63416700
-1.22701800
2.38818000
0.97897200
-0.20011700
-2.15985000

0.69442000
0.31415100
1.56501500
-0.82428100
-0.21071600
0.79198700
-1.24224400
-0.53461300
-0.31399500
-1.67696300
0.18640100
0.22798300
0.03456400
1.49461400
-0.50684500
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H,O

H

3.99478800
3.30407400
3.99764500
5.36602000
6.04941000
5.36310800
3.45037500
3.45522000
5.90285000
7.12234200
5.89770200
1.89284700
0.69655200
-1.04117300
-1.41273200
-1.65120000
-1.35379600
-2.46155700
-1.87335200
-0.71159700
-2.97932200
-2.67407400
-2.68644300
-1.64293200
-3.61132500
-3.09135600
-1.67863200
-2.77919800
-1.14037800
-3.35086800
-3.17049800
-1.71643900
-0.26119500
-2.82205600
-4.20794300
-1.29661500
-3.26873200

0.00000000
0.00000000

1.23370600
0.01698500
-1.19735000
-1.18930400
0.02173200
1.23041500
2.17272300
-2.13814900
-2.13333700
0.02356700
2.17626200
0.01378600
0.01014800
-0.01232400
-0.05482000
-1.46447200
-1.69475800
-2.35580700
-2.81758200
-1.00340500
-3.47988800
-2.15784500
-3.70882600
-3.00091000
-4.17885400
-4.58820400
1.46074100
2.08904200
1.95604200
3.20415600
1.70169000
3.07033300
1.48471000
3.69134300
3.69715000
3.46014600
4.56524000

0.00000000
0.75468900

0.07508300
0.19949400
0.06777300
-0.18480900
-0.30789600
-0.17805100
0.18035200
0.16680500
-0.28527500
-0.50502200
-0.27320000
0.46186600
0.68379800
1.04054900
2.49038500
0.13745500
-1.21038500
0.84441400
-1.84946200
-1.76172300
0.19938300
1.89663300
-1.14430100
-2.89975800
0.74900100
-1.64757700
0.19490400
0.78615500
-0.99757100
0.17466800
1.72892100
-1.60519100
-1.44346300
-1.02090300
0.63550200
-2.53341600
-1.49762800

0.11992200
-0.47969000
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0.00000000

1.48469900
3.21881800
4.18290000
3.58885300
5.52693100
3.89033000
4.93749500
2.82662500
5.90162500
6.28373000
5.23305600
6.95596900
1.02699900
0.05178700
1.65294400
-0.29713900
-0.44644700
1.29533100
2.40419800
0.32229400
-1.05939500
1.77560000
0.04370600
0.66407700
1.22413600
-2.03849100
-2.45494500
-1.33887900
-1.37915100
0.04212500
-0.03706800
1.08666800
-3.57190000
-1.34876300
-2.47781800
-1.46609800
-0.97364200
-4.22300900
-3.25989700
-4.34562400

-0.92731900
-2.60654300
-3.12089200
-3.37445300
-4.41187800
-2.52325100
-4.66620200
-2.97496000
-5.18162800
-4.81851400
-5.27123200
-6.19464800
-0.52658900
0.73031400

-0.75468900

0.56447600
0.13431000
1.14106500
-1.21307700
0.78963000
2.19260200
-1.55278900
-1.98643000
-0.55497000
1.56659300
-2.60155700
-0.82576200
1.69163300
2.66983200
1.59190800
3.54676900
2.72536400
2.47614500
0.82164800
3.44930500
4.30593300
2.40194400
4.13830300
-0.79735900
1.20719700
0.03800600
-1.20970200
1.01795700
-0.14779200
-1.73889800
-2.96289100
-1.33608200
0.89238400
-2.08496300
-2.31243500
-1.10113900
-3.17643400
0.13058500
2.03904300
1.13428600

-0.68448400
-1.15937800
-2.34954600
-0.36934000
-2.74579500
-2.96132800
-0.77333800
0.55772400
-1.95865900
-3.66933300
-0.15818300
-2.27015200
-1.09942000
-1.67254900

-0.47969000

-0.96606700
-0.82937400
-0.68777000
-0.88519600
-0.60355500
-0.63621200
-0.79446200
-0.99081300
-0.65596400
-0.49258400
-0.83141900
-0.58559500
0.34797700
0.10883400
1.59825300
1.13161000
-0.85965500
2.61154500
1.77928300
2.37826500
0.95428000
3.58742200
3.17694800
-1.07734800
-2.18256900
-1.30695300
-1.90980400
-2.13110600
0.05725500
0.33337700
-0.42978700
1.26215200
-0.74393500
1.56846200
0.94732400
2.42274700
2.21067200
0.11455900
-0.16212900
-1.78760700

-0.48581200
-0.87809300
-0.34647700
-1.74396700
-0.68555000
0.33208800
-2.06867700
-2.15918400
-1.54265800
-0.27322000
-2.73483500
-1.80027200
1.19186500
1.43392400
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-1.45071600
1.07019900
1.42788100

-1.09092200

-2.43116400
0.16626400
2.04696400

-1.79425100
0.43997500

-0.86833100
0.05744900
2.58449000
3.10944800
1.98159600
1.78567800

-1.53996800

-1.88425000

-2.47612800
4.09170000

-0.03214500

0.87737200
0.40108300
-0.41686900
4.72908200
3.76426800
4.91951200

-0.72563200
-2.31794400
-2.79635100
-3.03658100
-4.00093200
-2.23850000
-4.24375700
-2.66569300
-4.72406200
-4.37717900
-4.80915300
-5.66966200
-0.65846700
0.60091400
-1.80971200
0.70735300
1.48898700
-1.68931400
-2.78633100
-0.43415700
1.68468000
-2.57755800
-0.34766000
-0.72614300
0.58608500
2.71404600
3.31715400
1.85752200
2.07377700
-1.58941300
-1.87237800

-0.90442000
-2.03386700
-1.83033900
-1.26289300
-0.47000800
-1.82109800
-2.47675000
-1.10824500
-2.09831000
0.92073100
-1.20453800
-0.28005900
0.50847000
-1.58186100
0.44555800
2.17097500
3.14056000
1.65470000
-0.77557400
2.75954700
3.13655300
1.79002600
3.78084000
0.29465700
-1.53632100
-1.46633500

-0.83514300
-1.57345000
-2.61889200
-1.15559700
-3.23701000
-2.94669100
-1.77696100
-0.34793000
-2.81522500
-4.04769100
-1.44634700
-3.29851100
-0.48206000
-0.53535800
-0.18525100
-0.27815500
-0.75664100
0.07108400
-0.14641500
0.02689700
-0.31604300
0.30740500
0.23017700
0.57451300
-1.46972900
-0.50881400
-0.15177300
-1.75009800
0.54290900
1.92020500
2.43954200

2.23176700
2.73401000
0.61284300

3.52551100
2.03260300
3.77471900
2.92956000
4.34380000
4.79378900

-0.86292500
-1.34734500
-1.41049300
-2.51423900
-1.77179000
-0.40657500
-0.07681200
-1.07114500
0.88777300
-0.46863400
0.83570300
-0.01967200
1.60337500
1.57371100
-0.01622200
0.57628200
-1.23916600

-0.16185300
-0.55461100
0.24681100
-1.68107700
-0.07857700
1.12691400
-1.99287900
-2.31474500
-1.19512000
0.54588800
-2.86445200
-1.44388000
1.58953100
2.20491300
2.33597400
3.56884000
1.61444600
3.69726700
1.85191000
4.30998000
4.05017100
4.28355800
5.37839400
-1.06563500
-0.70242300
-1.15273800
-2.41904400
-1.20087600
-0.36099700
-0.86221800
-2.16788800
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-2.60744800
4.12138900

-0.25660900
0.70615900
0.18875000

-0.79805300
4.98761700
3.67967200
4.73494900

0.65886800
2.17353500
3.00034500
2.60156900
4.22610500
2.68488900
3.82535900
1.98025700
4.63929200
4.85761600
4.14285500
5.59656500
-0.20742700
-1.15437700
-0.01057000
-1.91465000
-1.29997500
-0.76542400
0.72148100
-1.71973300
-2.65384600
-0.61279400
-2.31114100
-0.25533500
-0.66803700
-0.55583700
-0.10946800
-2.47373300
-3.01929400
-2.64580100
-3.03012200

0.14097100
0.22846400
0.97795300
-0.55225300
0.94736700
1.59644600
-0.57165200
-1.15395000
0.17566800
1.53521200
-1.17761500
0.15518600
0.28906500
1.04300000
-0.35267100

1.69358600
-1.08214300
2.95922800
3.13616200
2.35754400
4.11591700
-0.09701100
-1.46473600
-2.10440400

0.42837100
0.07259400
1.13795700
-1.24234100
0.89008500
2.16980100
-1.48497900
-2.08814800
-0.42114800
1.72702800
-2.51295100
-0.61415600
1.68289300
2.44971200
1.90440000
3.40805100
2.29044400
2.86829900
1.31109000
3.61485800
3.99561100
3.03526300
4.36570500
-1.01673500
-1.70310200
-3.12897000
-1.02337800
-1.30826500
-1.80599000
-0.00249500
-1.85103300

0.69842000
-0.57777700
-1.73491200
-0.47371800
-2.78095600
-1.80923700
-1.51714400

0.42175700
-2.67203200
-3.68120800
-1.43044400
-3.49084000

2.35327500

2.55990800

3.43161800

0.13056400
-0.10855000
-0.09796800
-0.96508000

0.98043500

0.22426700

0.05815100

1.08597400
-0.67873600

-1.51438500
-0.55115600
-0.17051000
-0.32944300
0.44569000
-0.34420900
0.29165100
-0.63245900
0.68062200
0.74689300
0.47142100
1.16667000
-0.50792200
-1.20231500
0.86343500
-0.53411000
-2.27369200
1.52608800
1.41192900
0.83074700
-1.07989200
2.59315700
1.35722500
-1.15752000
0.20997500
0.04639200
1.35221300
0.17973700
-0.90966000
0.20721300
1.24415400

-0.07821100
-1.38664900
-1.15389000
-2.54310300
-2.07398500
-0.25677100
-3.46675600
-2.71428700
-3.23088400
-1.88915600
-4.36998200
-3.95208900
-0.84876600
-2.00731000
-0.23031900
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1.14628200
1.54847000
-0.24153800
-0.94182000
0.50712800
1.73407500
-0.73934800
0.59476400
2.21308300
3.45161500
3.28339000
4.13928900
4.53277500
3.85242500
5.01677600
5.54612100
1.88623300
1.03759800
1.40315800
2.60718400
3.44202600
3.07707000
1.61041600
0.73427400
2.89284500
4.38595500
3.73595400
-0.25233000
-1.49159800
-2.50755300
-1.66213400
-3.93902800
-4.83320300
-4.15401700
-5.94930500
-4.65488800
-5.27758300
-3.44501100
-6.17018900
-6.64869600
-5.45362500
-7.04651800
-3.04188400
-4.06295800
-2.36986100
-4.40776900
-4.58698500
-2.72172600
-1.57038100
-3.73640100
-5.20266900
-2.19748100
-4.00870200

1.09124500
0.44699100

-0.42748900
0.87857600

3.84254100
1.72208000
4.71174400
3.26865900
4.91772000
3.99918100
5.55083100
5.91984800
0.65781600
0.68676900
0.03555700
1.96425600
-0.46113300
-1.53118800
0.14925500
-0.85707000
0.20716600
-0.84787500
-2.17114200
-2.43059900
-1.37622200
-0.05912800
1.22887700
-2.98509600
-3.46011600
-1.58065400
0.76391500
-0.61601100
-0.89392600
-0.24553100
0.81734000
0.63272800
-0.03157400
1.96325000
0.64727900
-1.07051500
2.63277800
2.46355300
1.97672200
0.13948600
3.67064700
2.50481200
-1.55734400
-1.28956800
-2.78357000
-2.25616700
-0.33080900
-3.74477100
-2.97900700
-3.48031000
-2.05477300
-4.70091500
-4.23548900

0.33065000
1.97524600
2.71499500
2.48236200

-2.54578700
-2.49376600
-0.76974000
0.67508400
-1.92935300
-3.45121800
-0.28155200
-2.35160100
0.09204500
-0.77467100
-2.06609900
-0.74115100
0.19205300
0.58211700
1.26153900
-0.56368900
2.89985600
2.54131300
2.83302200
3.48255200
3.85175500
3.56558100
2.63599000
2.54856000
3.70208700
4.35928600
3.84387000
1.91418000
1.88676900
0.64549300
-0.17504900
1.27185800
2.12031900
0.90058800
2.60060200
2.40787000
1.38522800
0.23873600
2.23211000
3.26542500
1.10062400
2.61060100
-0.46034500
-1.38065200
-0.47570200
-2.32183500
-1.36227700
-1.42101200
0.24235300
-2.34132600
-3.04069700
-1.44132900
-3.08017100

0.10955400

-0.35198000
0.44943100

-1.58414800
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-0.88360900
-0.77952800
0.40649900
1.59545100
-0.47550700
-1.57581600
0.73599100
-0.84346000
0.93785100
0.61287900
1.24300400
0.55989200
0.39309700
1.17957300
1.53631900
0.83313100
0.30331100
1.40590200
0.78322600
2.91582600
4.09317200
3.66848900
5.18198300
4.66680000
3.64977300
5.11869300
5.62726000
-0.62225500
0.27888200
1.55951200
1.93404600
1.04376500
-0.23418500
-1.61658600
2.25199400
2.93089200
1.34603400
-0.92978600
-0.19596000
-1.04682300
-2.54735800
-2.35088800
-3.58584400
-4.13250900
-3.79768000
-4.88576000
-3.97641700
-4.55339500
-3.37046400
-5.09316400
-5.31753900
-4.72277300
-5.68455000
-3.20530700
-4.05108000
-2.85848600
-4.55780900
-4.28834600
-3.36633100

3.95670200
2.31017300
3.71640500
1.91632100
4.45249500
4.52820900
4.10808900
5.41928800
0.04627400
-1.22560800
1.07685700
-1.45261300
-2.04333900
0.84417200
2.05876400
-0.41645300
-2.44533900
1.65516500
-0.59446800
1.18707200
0.86001300
0.48827700
1.79591100
-0.71922800
-1.57299000
-0.50425100
-1.25407800
-3.15047100
-2.10501100
-2.10945800
-3.16222800
-4.20251400
-4.19571400
-3.13362900
-1.29276000
-3.16748400
-5.02493000
-5.01021800
-1.03895600
-0.40884300
0.11478100
0.58014900
-1.36556100
-1.80561800
-2.08448100
-2.97714700
-1.23370600
-3.25649500
-1.71406700
-3.70203000
-3.32358100
-3.82185700
-4.61851100
1.38051100
2.33145900
1.47299200
3.37090300
2.26476600
2.51694900

0.00537000
1.40207100
-2.02580700
-2.18479800
-1.23189900
0.62556200
-2.98907400
-1.57925000
1.90718900
2.39262500
2.80181200
3.76543800
1.70342200
4.17483900
2.42752500
4.65860700
4.13751200
4.86815800
5.73365600
0.43737100
-0.46711100
-1.81142000
-0.30501100
0.29407600
0.35686000
1.51507400
-0.43901700
-1.86375300
-1.59699200
-2.16075800
-2.99300000
-3.25912200
-2.69395800
-1.41248700
-1.95042600
-3.43506100
-3.90900800
-2.89902200
-0.73286100
-0.06466900
0.75822500
2.16725500
0.65164500
-0.55934500
1.83131600
-0.58740700
-1.47788800
1.79559700
2.76529400
0.58903300
-1.52724200
2.71294400
0.56362900
-0.35468600
0.22633000
-1.70673000
-0.55129100
1.29009200
-2.47780900
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-2.17187100
-4.21354200
-5.21473300
-3.08884700
-4.60335400

0.38914200
0.76872700
0.83620600
0.90436800
1.04383400
0.72865400
1.10835700
0.88185400
1.17737900
1.10144500
1.23019900
1.34524000
1.04015100
0.15146100
2.37209700
0.61227800
-0.89929000
2.81154000
3.05380600
1.93895000
-0.07338400
3.84604800
2.29501000
2.54567600
3.64670700
3.49830700
4.05712500
5.05002100
5.26450900
6.15695200
4.78433500
-1.55328300
-0.43376500
0.71861600
0.73545500
-0.37929700
-1.52101200
-2.44028600
1.58951700
1.62779400
-0.35798000
-2.38886200
-0.48690400
-1.30535500
-2.99251900
-3.22832300
-4.05727900
-4.12939800
-4.74006700
-4.87311000
-3.60462800
-5.48290500

0.75005700
3.46409600
4.11600200
2.59795100
4.28409200

0.41626700
1.46243300
2.84597500
0.89373300
3.66856900
3.28073300
1.72592800
-0.19086900
3.10948500
4.74919700
1.29081800
3.75678400
0.98497700
1.06075600
1.40308100
1.53282500
0.77922300
1.88343300
1.35117300
1.93979300
1.59090100
2.21070600
2.31158700
-0.61173200
-0.27537200
-0.89152900
1.12568800
-1.18452300
-0.74237000
-1.01136300
-2.48288700
-3.31642400
-2.49923000
-3.03574500
-4.37739400
-5.18489800
-4.65551400
-2.90115100
-2.39836700
-4.79408800
-6.23613600
-5.28927900
-1.08963100
-0.07500500
0.51930300
0.92869700
-0.84175900
-1.27329700
-1.53075200
-2.40788000
-0.73518100
-2.66654300

-2.15373100
-1.90057100
-0.10053300
-3.52956100
-2.50565500

0.52188300
-0.88171400
-0.69657800
-2.15122700
-1.80197500

0.29969200
-3.24836900
-2.27885800
-3.07294600
-1.66812300
-4.24070100
-3.93487700

2.09657600

3.17709500

2.22411800

4.40491600

3.06113400

3.45485600

1.37459600

4.54348700

5.25072400

3.56341300

5.50546000

0.10352700

-0.84545100
-2.16089500
-0.80192400
-0.07580600
1.15684000
-0.78425300
-0.01797700
0.16791200
-0.06971400
-0.66659100
-1.03980900
-0.81124000
-0.20347600

0.64894700
-0.82299500
-1.50788200

-1.10262700
-0.01674000

0.28368300
0.60602900

0.87980400

2.30374100

0.34798800
-0.98155000
1.35540900
-1.29717700
-1.77334700

1.03239600
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-4.67347400
-5.54319100
-4.92789200
-6.01442900
-6.12071400
-3.06526300
-3.64030300
-2.51296600
-3.67529900
-4.04146200
-2.55031400
-2.02517900
-3.13229500
-4.12091000
-2.11192900
-3.15484000

-0.32275700
0.31370500
-0.08863500
1.25455800
0.46108700
-0.83197200
1.78604500
1.58648900
1.39375300
0.15557300
2.51775300
1.81793100
0.07404300
0.94772200
-0.47455300
1.28822400
1.40001900
-0.13469700
-1.17138300
0.74501300
1.99500900
-0.55897300
1.01357800
0.01334800
0.63334500
2.03023700
2.80376300
2.18667300
0.79054900
-1.07759600
2.49921200
3.89076900
2.79365200
0.31312800
-0.19901400
-1.54229300
-2.79574200
-1.98141400
-3.52433100
-2.79484600
-4.77602600

-1.17217700
-3.10678100
-2.75027500
-3.20900900
-3.99784600
1.88773900
3.08171600
1.80506500
4.18852400
3.13596700
2.91349700
0.88876700
4.10359800
5.12236700
2.85124400
4.97340000

-0.15366300
-1.46563500
-1.57969300
-2.35260800
-2.57792900
-0.89610500
-3.35900200
-2.24854900
-3.46858700
-2.66384000
-4.05115100
-4.25287000
1.57100100
2.21284800
2.26131600
3.54432600
1.67110500
3.59751900
1.76234200
4.23646400
4.02970200
4.14025600
5.28052300
-1.33070500
-0.92610800
-0.87525000
-1.22873100
-1.63525700
-1.68685300
-1.36048500
-0.54503700
-1.17770200
-1.91246100
-2.00516100
-0.53359900
-0.37884000
-0.07949700
-0.12828500
1.53240400
2.50951400
1.83282600

2.38429800
-0.29018200
-2.33113600

1.81530500
-0.54075100
-0.30085000

0.14407600
-1.58598100
-0.70412300

1.15798800
-2.42827600
-1.92816400
-1.98623900
-0.35910400
-3.42527400
-2.64446800

-0.44674100
-1.50642700
-2.84403200
-0.97332000
-3.64365300
-3.25374100
-1.77559500

0.05957300
-3.10924100
-4.68693700
-1.35824600
-3.73793800
-0.75615400

0.12871300
-1.84360600
-0.08717300

0.96044300
-2.04506600
-2.51666100
-1.17080900

0.58608700
-2.89035800

-1.33818700

3.58842200

2.39618000

2.30958100

3.41343700

4.59623300

4.68359600

3.63574300

1.38274200

3.34228000

5.45959700

5.61124900

1.25845200

1.15259000

0.03760900

-1.34680500

0.34043200

1.03009300
-0.21074300
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-3.32216600
-1.81960400
-5.29678100
-5.34378400
-4.57027300
-2.75693500
-6.27229600
-4.98071900
-4.05804900
-5.03872500
-4.01704900
-5.98916100
-5.05847500
-4.97351100
-3.24248800
-5.95502800
-6.75793300
-4.95019400
-6.70177200

2.77635500

3.91485900

4.36002300

3.85227500

5.28588500

5.47850800

4.99704600

6.42510800

0.14067600
0.03767300
0.73265100
-0.84600400
0.53127000
1.42122300
-1.02298300
-1.40526300
-0.34207900
1.06519900
-1.70460300
-0.49275100
0.56123100
1.19750400
0.20742500
1.49367100
1.47568700
0.52064500
-0.30814300
1.16268400
1.99071600
0.26002100
1.40536000
2.01783800
3.36058200
3.41158900
3.87767200
4.37254300
3.90348900
4.34469800

3.79076800
2.27113800
3.11737200
1.06977400
4.09310600
4.55414400
3.35574600
5.09792800
-1.34854700
-1.43578700
-2.26894400
-2.44934400
-0.71636500
-3.28221000
-2.18647200
-3.37018600
-2.52436400
-4.00360900
-4.16398600
0.07855000
0.95554900
1.84677100
1.53831300
-0.26838200
-0.92589800
-1.16372500
0.32714700

-0.13677400
1.65487500
2.57809400
2.10757800
3.94343100
2.23333100
3.47466900
1.39199800
4.39342300
4.65801700
3.82105500
5.46365500

-1.23588000

-0.75087100

-2.58488700

-1.63100500
0.30205500

-3.45841500

-2.95315700

-2.98094200

-1.25676500

-4.51411900

-3.66651600
0.13325000
0.16546000
1.17905300

-1.15916700
0.84448300
2.03166100
0.04041400

1.16348800
1.46077300
-0.06758700
-0.74768500
0.61548800
1.69881200
-0.49231400
0.72388100
-0.05183400
0.94530600
-1.10390400
0.87755800
1.76726000
-1.15961300
-1.86799500
-0.17342800
1.64713400
-1.97688400
-0.22103300
-0.72787400
-0.38818400
-1.45460800
0.95880500
-0.22694800
-1.36447700
0.72014600
0.10672900

0.47872200
0.82336300
0.03365900
1.81183800
0.22505500

-0.73625600
2.01327800
2.41508800
1.21469600

-0.40257400
2.79121600
1.36451100
1.85821500
3.00237900
1.75404600
4.04330400
3.08002500
2.79265000

0.86296400
3.93674500
4.93892200
2.70908900
4.74974300
0.08927500
0.81624100
1.85407300
1.08965400

-0.56792800
-0.92363000
-1.61116600
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5.62140300
1.99629800
1.13011900
1.33304200
2.38334600
3.23228000
3.03244100
1.87027700
0.64834000
2.53500600
4.05136400
3.69617100
-0.05971100
-1.28931400
-2.42352200
-1.57369400
-3.71567700
-4.61941400
-3.80019400
-5.61535800
-4.53962800
-4.80375600
-3.08279000
-5.70719000
-6.32065000
-4.87725000
-6.48926300
-3.16532100
-4.29147500
-2.51541400
-4.76170400
-4.79731000
-2.99010100
-1.63926700
-4.10924900
-5.63852100
-2.48433800
-4.47903600

-1.20107200
-1.02779800
-1.26268300
-0.57666900
-1.03076000
-1.61362800
-0.37815300
-0.37206000
-0.59585300
-1.19701000
-0.03822200
-0.42280700
-2.23632500
-3.14754900
-2.10204400
-3.94400600
-3.25339400
-2.91218400
-1.38006300

0.98252000
-2.11432600
-1.14292800
-0.68836500
-1.18864300
-2.16355500
-2.62733400
-2.46170000

0.05705800
-0.81785800
-2.55862300
-3.38350200
-0.67154400
-0.57159300

-0.25707800
-0.36806400
-1.49206200
-1.66484100
-2.28028000
-2.63176100
-1.05125900
-3.24435900
-2.13721300
-3.41856000
-2.77455400
-3.86208400
-4.17520800

1.38089600

1.67125400

2.39151900

2.98116100

0.87816100

3.69912100

2.15177800

3.99200500

3.21394800

4.49084500

5.01701100

0.84809300
0.73653600
-0.46863200
1.86141900
-0.54723400
-1.34589900
1.77976100
2.79484100
0.57462200
-1.49184600
2.65939900
0.50938800
2.13488800
2.83130200
2.42358800
3.81634600
2.59976900
3.40043400
1.88343600

-0.15560800
-1.57787500
-2.09949300
-3.40682300
-4.17591500
-3.65334800
-2.35187000
-0.54988900
-3.81480200
-5.19105900
-4.25641800
-1.92981900
-1.33517600
-1.88034900
-0.59757900
0.77253600
-0.44725600
-1.50306000
0.70446800
-1.39870500
-2.40331500
0.79980300
1.51435600
-0.24802800
-2.21803300
1.69555000
-0.17033800
-0.65820800
0.12083600
-1.37599100
0.18566900
0.67677800
-1.30352200
-1.98319000
-0.52245000
0.79095000
-1.85754900
-0.46764600

0.09107000
1.89757100
2.56979200
2.60161600
3.94088400
2.02921100
3.97704500
2.07660100
4.64525300
4.45958300
4.52478000
5.72043900
-0.63926100
0.15733300
-2.00097100
-0.42619100
1.21900100
-2.57441800
-2.61900600
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-3.83174200
-4.65860100
-2.82344300
-4.46441700
-2.64328300
-4.16721700
-4.48389600
-4.85554200
-4.49633300
-3.82544700
-4.12921200
-5.78878100
-2.26572300
-1.11703600
-0.60991100
-1.24113500
-2.37190800
-2.87963300
-2.69611600
0.27557400
-0.84404400
-2.86381400
-3.77022900
-0.38361300
0.95626300
1.64133800
0.22714800
2.56056500
3.96084100
1.82459300
4.61958100
4.51653300
2.49741600
0.73590900
3.89156500
5.70911800
1.93008100
4.41590400
2.38481400
2.90788200
2.29442900
3.34641000
2.97312300
2.73125500
1.90953400
3.25316300
3.76274400
2.67503200
3.59924600
1.59303200
3.65848100
4.45332300
5.56167700
4.70417000
3.25114400
2.80588200
2.18059500
3.79664000

4.09544000
4.36334200
3.61937300
4.86018100
-0.34410200
-0.21942000
0.43672000
0.15546300
-2.01560500
-2.43544100
-2.71528500
-2.17736400
-1.22369500
-1.51180800
-2.81722700
-3.81934500
-3.52359200
-2.22281900
-0.22088400
-3.04812800
-4.83483600
-4.30814100
-1.98648800
-0.44097900
-0.34383400
1.13135100
1.86872300
2.20998900
2.19699600
3.09910400
3.07839400
1.48909300
3.97009800
3.12153000
3.95817400
3.07391100
4.66383200
4.64325100
0.98818500
2.15387600
-0.19750700
2.12394200
3.07900000
-0.21331600
-1.10730200
0.94286700
3.02438600
-1.13897400
0.92182800
-1.03183000
-0.60978400
-1.77170200
-2.12537700
-1.80772400
-3.15379500
-3.17565600
-3.00024200
-4.32676200

-1.78705400
0.18935600
-3.63891300
-2.23908700
0.18309300
0.40322800
1.65409100
-0.81142800
0.67109800
1.73064200
-0.38221100
0.88082400
-2.44825700
-1.69500000
-1.68582400
-2.42108000
-3.18006700
-3.19463200
-2.43879600
-1.09307900
-2.39828900
-3.75669500
-3.77808200
-0.98062000
-1.03493500
-0.26801300
-0.06546300
-1.36399100
-1.40651300
-2.15911400
-2.25941600
-0.79301600
-3.01216900
-2.09491200
-3.06216400
-2.29877000
-3.63314200
-3.72994700
1.35263300
1.92598700
2.08404800
3.24729900
1.34860500
3.40547100
1.62187400
3.98505700
3.70000400
3.97881900
5.01944600
-1.58948200
-0.69726600
-0.23168400
-1.10773600
1.20497300
-0.48119700
-1.73715800
0.31073900
-0.20821600
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1.88556000
0.60009600
0.08632700
0.22293500

-0.81883000

0.41145900

-0.67274800

0.61899900

-1.19469500
-1.22538000
-0.96413700
-1.90015600

2.74859400
2.15672500
4.09047400
2.91591800
1.10357900
4.84155100
4.53164100
4.25399300
2.45912800
5.88784700
4.84268600
3.31340800
1.95499400
1.40616700
2.18936200
3.53315700
4.09120300
3.76342500
0.35875700

-0.87075500
-2.14771600
-2.53924900
-2.83153800
-3.59328000
-2.02269500
-3.89654400
-2.52931000
-4.27374600
-3.89010500
-4.43220600
-5.10435200
-0.82641400
-0.40146100
-1.22415900
-0.38485800
-0.10838000
-1.20262800
-1.53602200
-0.78315100
-0.05734700
-1.51103300
-0.76390100
1.90153800
1.74451200
2.51765300
3.44016100
3.60366500
2.83226700
1.30178200
2.37854700

-0.45366600
-0.40383800
-1.64823000
0.75517500
-1.72824200
-2.55428800
0.66813800
1.72427400
-0.56855900
-2.69612800
1.57265400
-0.63099700
1.14331100
2.33919300
1.11813900
3.50878300
2.35754400
2.29268800
0.16930000
3.48649000
4.44382200
2.27480300
4.40513800
-1.11889700
-1.43287700
-2.46507900
-3.15613000
-2.82251300
-1.80192000
-0.32611600
-2.74058600
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1.74823900
4.14795100
5.14265200
1.09260300
-0.13474400
-1.42642000
2.83108700
-2.48907300
-2.63255600
-3.15444300
-3.43591800
-2.11274200
-3.95291900
-3.06190700
-4.09253500
-3.54915100
-4.47217600
-4.72045000
-2.43325400
-2.48196800
-3.22572400
-3.33171500
-1.84539400
-4.07554500
-3.16189500
-4.13038700
-3.36723700
-4.69158300
-4.79504800
-0.40509600
-0.96531700

4.02780500
4.32559200
2.95231600
0.79573400
1.19576000
0.36395100
-1.10502700
1.75475600
1.98639500
2.56866100
3.03694800
1.33320500
3.61796200
2.38069700
3.85196800
3.21831700
4.25231400
4.67300700
-0.59632300
-0.31558200
-1.61540000
-1.04679800
0.46256200
-2.34320100
-1.84029000
-2.05763600
-0.83054000
-3.14116100
-2.62910000
2.23110300
-0.41353900

-3.96247500
-3.36196400
-1.53748100
-0.67006400
-0.29116300
0.68334600
-1.59739800
1.18722400
2.55721200
0.26302700
3.00306900
3.26037700
0.71182500
-0.81007600
2.08209400
4.07285800
-0.00773200
2.43148400
-0.48258900
-1.85306400
0.05374700
-2.68063300
-2.28187300
-0.77846700
1.12068800
-2.14241600
-3.74923700
-0.36094300
-2.79224600
-0.53516800
1.88696700
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