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1. General Information

Commercial reagents were purchased from commercial suppliers and used without further
purification. All dry solvents were treated according to standard procedures prior to use unless
otherwise noted. Thin-layer chromatography (TLC) was performed using 60 mesh silica gel plates
visualized with short-wavelength UV light (254 nm). Column chromatography was performed
using silica gel (200-300 mesh). 'H and '3C NMR spectra were recorded on a Bruker instrument
400(400 MHz for 'H,100 MHz for '3C and 162 MHz for 3!P) in CDCl; or Bruker instrument 300
(300 MHz for 'H, 75 MHz for *C and and 121 MHz for 3'P) using CDCl; as the solvent and
tetramethyl silane (TMS) as internal reference. TMS Chemical shifts (5) were measured in ppm
relative to TMS & = 0 for 'H, or to chloroform & = 77.0 for !3C as internal standard. The following
abbreviations (or combinations there of) were used to explain multiplicities: s = singlet, d =
doublet, t = triplet, ¢ = quartet, m = multiplet, br = broad signals. The 'H NMR spectra are
reported as follows: chemical shift § in ppm relative to TMS (3 = 0 ppm), multiplicity, coupling
constant J, are reported in hertz, number of protons. *C NMR spectra are reported as follows:
chemical shift 8 in ppm relative to CDCl; (8 = 77.0 ppm), multiplicity, coupling constant .J, are
reported in hertz. Mass spectroscopy data of the products were collected on a Bruker esquire 6000

instrument using ESI ionization.
2. Preparation of starting materials

Substituted aniline 1a-1k, were purchased from commercial source, and used without further
purification.
Synthesis of substituted Alkyne

Substituted alkyne 2a-2e and 2i-2m were purchased from commercial source, and used
without further purification. 2fl11121 2g031 was prepared according to corresponding literatures.
Procedure to prepare 21121

B
r I

CHO
CBr, (1.05 equiv) Z "Br
PPh3 (2.0 equiv) M
—_—
0
OCH; THF0°Ctort oo MeCN,0 °C to rt OCH,
OCHs ® OCH
OCHj; 3
S1 2f

To a solution of the veratraldehyde (0.83 g, 5.0 mmol) in 10 ml dry DCM, carbon
tetrabromide (1.74 g, 5.25 mmol) was added. The mixture was cooled to 0 °C, and a solution of
triphenylphosphine (2.62 g, 10.0 mmol) in 10 mL dry DCM was added dropwise. The reaction
mixture was allowed to gradually warm up to room temperature and stirred overnight at room
temperature. The reaction mixture was quenched with water, and the organic layer was separated
and washed with brine. The crude mixture concentrated under vacuum, and purified by flash
column chromatography get the dibromoethane derivative S1, yellow oil (1.45g, 90%).

To a stirred solution of dibromoethane derivative S1 (1.45 g, 4.5 mmol) in anhydrous CH;CN
(10 mL) was added DBU (2.8 mL, 18.0 mmol) dropwise at 0 °C. The reaction mixture was warm
to ambient temperature (25-30 °C) stir at for one day. After completion of reaction (monitored by
TLC), reaction mixture quenched by dropwise addition of aqueous HCI then continued stirring for
5 mins. The reaction mixture was extracted three times with DCM; organic layers were washed

with brine, solvent was evaporated under vacuum, and resulting residues were purified by flash
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column chromatography to afford the 2f as a yellow solid (0.47 g, 64%). 'TH NMR (400 MHz,
CDCl3) 6 7.11 (dd, J= 8.6, 1.8 Hz, 1H), 6.99 (d, /= 1.6 Hz,1 H), 6.81 (d, /= 8.4 Hz, 1H), 3.89 (s,
3 H), 3.88 (s, 3 H), 3.01 (s, 1 H); 3C NMR (100 MHz, CDCl3) & 149.8, 148.5, 125.4, 114.6,
114.1, 110.8, 83.7, 75.7, 55.8. MS (ESI): found [M+H]" 162.1. Spectral data for this compound is

consistent with that previously reported.[?!

‘ ‘ CH3COCI (1.5 equiv) ‘ ‘
NH, Et3N (1.6 equiv) NHCOCH;
THF,0°Ctort

29

Procedure to prepare 2gl3l:

To a solution of o-ethynyl aniline (0.227 mL, 2.0 mmol), Et;N (0.42 mL, 3.2 mmol) in THF
(4 mL) was added acetyl chloride (0.21 mL,3.0 mmol) dropwise at 0 °C. After the addition was
complete, the reaction mixture was stirred at room temperature. The reaction was monitored by
TLC, after completion of the reaction, the reaction was quenched by water and the resulting
mixture was extracted three times with DCM. The combined extracts were washed with brine and
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel to
afford N-acetyl-o-ethynyl aniline 2g as a white solid (0.30g, 95%). 'TH NMR (400 MHz, CDCls) &
8.40 (d, J= 8.4 Hz, 1H), 7.92 (br, 1H), 7.46 (dd,J= 7.6 ,1.2 Hz, 1H), 7.36 (t,J= 8.0 Hz, 1H),
7.04 (t,J= 7.6 Hz, 1H), 3.51 (s, 1H), 2.23 (s, 3H). *C NMR (100 MHz, CDCl;) 8 168.3, 139.6,
132.1, 130.2, 123.3, 119.2, 110.4, 84.3, 79.2, 24.9. MS (ESI): found [M+H]" 159.9. Spectral data
for this compound is consistent with that previously reported.?
Synthesis of substituted aldehyde
General Procedure A to prepare 3a-3d,3h*I5]:

BuLi (1.0 equiv) n
B Ph,PCI (1.0 equiv) 1@"”*‘2 HCl PP
R —_— R'5 _— R
A en THF Ar “ANen H,0,reflux P cHo
780
78°Ctort S2a R=H 3a R=H
S2b R=6-Me 3b R=6-Me
S$2¢ R=4-Me 3c R=4-Me

To a solution of 2-bromobenzonitrile (1.0 equiv) in dry THF under Ar at -78 °C, n-
butyllithium (2.4M in hexane, 1.0 equiv) was added dropwise, the mixture stirs at -78 °C for 1
hours. Then the solution of Ph,PCI or Cy,PCl (1.0 equiv) in dry THF was added dropwise to the
solution, the mixture was stirred for further 30 min at -78 °C, and the reaction mixture allowed to
warm to room temperature stir over night, and quenched by water. The resulting mixture was
extracted three times with DCM. The combined extracts concentrated in vacuo, and the residue
washed by methanol to give the rough product, use in next step without further purification.

A mixture of S2 in concerned hydrochloric acid (1 mmol S2~2 mL) was refluxed at 120 °C
with vigorous stirring for overnight. During this period, after cooling down to room temperature,
water was added and the mixture stirred for 30 min, and the resulting mixture was extracted three
times with DCM. The combined extracts were washed with brine and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel to afford product.
2-(diphenylphosphoryl)benzaldehyde (3a)

2-bromobenzonitrile (9.1 g, 50.0 mmol) was following the General Procedure A. The crude
mixture was purified by column chromatography (petroleum ether /ethyl acetate = 1:1) to afford
a white solid (8.9 g, 60%). "TH NMR (400 MHz, CDCl5): & 10.75 (s, 1H), 8.21-8.10 (m, 1H), 7.74-
7.46 (m, 12 H), 7.23 (dd, J = 13.6, 7.6Hz, 1H); 13C NMR (100 MHz, CDCls): 6 191.2 (d, Jc.p =
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5.6 Hz), 139.4 (d, Jc.p = 6.5 Hz), 135.1 (d, Jc.p = 95.4 Hz), 133.6 (d, Jc.p = 11.0 Hz), 132.8, 132.7,
132.3 (d, Jc.p = 2.8 Hz), 131.8 (d, Jc.p= 10.0 Hz), 131.6 (d, Jc.p = 12.8 Hz), 129.0 (d, Jc.p = 8.7
Hz), 128.8 (d, Jc.p = 12.3 Hz); 3P NMR (162 MHz, CDCI;): 8 31.05. MS (ESI): found [M+H]*
307.0. Spectral data for this compound is consistent with that previously reported.[!
2-(diphenylphosphoryl)-6-methylbenzaldehyde (3b)

2-bromo-6-methylbenzonitrile (3.6 g, 18.5 mmol) was following the General Procedure A.
The crude mixture was purified by column chromatography (petroleum ether /ethyl acetate = 1:1)
to afford a white solid (2.87 g, 48%). 'TH NMR (400 MHz, CDCl3) § 10.84 (s, 1H), 7.65 (dd, J =
12.2, 7.4 Hz, 4H), 7.58 (t, J = 7.4 Hz, 2H), 7.53-7.44 (m, 5H), 7.37 (td, J = 7.6, 2.4Hz, 1H), 7.10
(dd, J = 14.0, 7.6 Hz, 1H), 2.62 (s, 3H); 3C NMR (100 MHz, CDCI3) 8 193.4 (d, Jc.p= 6.7 Hz),
141.5 (d, Jc.p= 8.7 Hz), 1379 (d, Jcp = 6.4 Hz), 136.1 (d, Jcp = 2.5 Hz), 136.0, 135.1, 133.0,
132.2 (d, Jc.p = 2.8 Hz), 131.9 (d, Jcp = 9.8 Hz), 131.1 (d, Jc.p = 13.2 Hz), 128.7 (d, Jc.p = 12.3
Hz), 21.7; 3P NMR (162 MHz, CDCls) 6 32.38. MS (ESI): found [M+H]* 321.2. Spectral data for
this compound is consistent with that previously reported.[!
2-(diphenylphosphoryl)-4-methylbenzaldehyde (3c)

2-bromo-4-methylbenzonitrile (2.8 g, 14.4 mmol) was following the General Procedure A.
The crude mixture was purified by column chromatography (petroleum ether/ethyl acetate = 1:1)
to afford a white solid (2.1 g, 46 %). 'TH NMR (400 MHz, CDCls) § 10.62 (s, 1 H), 8.07 (qt, J =
4.0, 1.6 Hz, 1H), 7.71-7.62 (m, 4 H), 7.61-7.55 (m, 2H), 7.54-7.45 (m, 5 H), 7.08 (d, J = 14.0 Hz,
1 H), 2.35 (s, 3 H); 3C NMR (100 MHz, CDCl3) 8 190.9 (d, Jc.p = 5.3 Hz), 1439 (d, Jcp=11.8
Hz), 137.1 (d, Jc.p = 6.6 Hz), 135.4, 134.3 (d, Jc.p = 10.5 Hz), 133.0 (d, Jc.p = 2.3 HZ),132.3(d, Jc.
p=2.7Hz), 1319 (d, Jcp = 9.9 Hz), 131.8, 129.4 (d, Jc.p = 9.3 Hz), 128.8 (d, Jc.p = 12.2 Hz),
21.9; 3P NMR (162MHz, CDCl;) & 30.86. MS (ESI): found [M+H]* 321.2. Spectral data for this

compound is consistent with that previously reported.l!

CN . .
n-BuLi (1.2 equiv) N | n-Buli(1.0 equiv),
OO Meg-Piperidine(1.05 equiv) Ph,PCI (1.0 equiv)
N —_—
I (1.0 equiv), THF THF, Ar, -78 °C to rt
S3
CN CHO(R
PPh, HCI Pth
—_—
OO H,0, reflux
sS4 3d

2-(diphenylphosphoryl)-1-naphthaldehyde (3d)

To obtain the substrate S3, n-BuLi (2.4 M in hexane, 23 mL, 1.2 equiv.) was slowly added to
the 2,2,6,6-tetramethylpiperidine in THF solution at -5 °C - 0 °C. After the reaction for 1 h, the
temperature was reduced to -78 °C, then add 1-naphthalenenitrile (45.7 mmol, 1.0 equiv.) in THF
slowly to the solution, continue the reaction for 1h. Then add I, (45.7 mmol, 1.0 equiv.) solution in
THF into reaction systems, continue stir at -78 °C for 2h, slowly raise to room temperature and stir
overnight, the reaction was quenched with water, the reaction solution was washed with NaHSO;
solution, and extracted three times with DCM. The organic phases were combined and the solvent
was evaporated. 2-Iodo-1-naphthalenecarbonitrile was isolated by column chromatography.

1-iodo-2-naphthonitrile (9.7 g, 34.8 mmol) was following the General Procedure A. The
residue was purified by column chromatography (petroleum ether/ethyl acetate = 1:2) to provide a
white solid 3d (4.3 g, 35 %), 'TH NMR (400 MHz, CDCl;) & 11.22 (s, 1H), 8.91(d, J = 8.2 Hz,
1H), 7.96 (dd, J = 8.4, 2.2 Hz, 1H), 7.90-7.87 (m, 1H), 7.74-7.56 (m, 8H), 7.50 (td, J = 7.4, 3.0
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Hz, 4H), 7.28 (dd, J = 12.3, 8.5 Hz, 1H); 13C NMR (100 MHz, CDCl;) § 194.2 (d, Je.p = 7.5 Hz),
135.1 (d, Jc.p = 2.2 Hz), 135.0, 134.0, 133.0, 132.4 (d, Jc.p = 2.7 Hz), 132.3, 132.0 (d, Jc.p = 10.0
Hz), 130.5 (d, Jo.p = 10.2 Hz), 129.4, 128.7 (d, Je.p = 12.3 Hz), 128.6, 128.3, 127.9 (d, Jep = 11.5
Hz), 126.6; 3P NMR (162 MHz, CDCls) § 32.49. MS (ESI): found [M+H]" 357.0. Spectral data for

this compound is consistent with that previously reported.[!

(0]
BuLi (1.0 equiv) PC ‘F"C
@iBr Cy,PCl (1.0 equiv) @[ v2 HCl @[ v2
_— _——
CN THF,Ar CN H,0, reflux CHO
-78°Ctort

sad 3h

2-(dicyclohexylphosphoryl)benzaldehyde (3h)

2-bromobenzonitrile (4.0 g, 21.9 mmol) was following the General Procedure A. The crude
mixture was purified by column chromatography (petroleum ether /ethyl acetate = 1:1) to afford a
white solid 3h (2.5 g, 36 %), '"H NMR (400 MHz, CDCl;) 4 10.88 (br, 1H), 8.07 (s, 1H), 7.87-
7.56 (m, 3H), 2.34-2.04 (m, 4H), 1.86 (d, J = 12.0 Hz, 2H) ,1.78-1.58 (m, 4H), 1.56-1.06 (m,
12H); 3C NMR (100 MHz, CDCl;) 8 193.9, 132.7, 132.6, 132.4, 131.6, 131.4, 131.4, 36.0 (d, J.
p=606.6 Hz), 26.3 (dd, Jcp = 12.8, 10.3 Hz), 25.7 (d, Jc.p = 2.7 Hz), 25.6 (d, Jc.p = 0.8 Hz), 25.1
(d, Jc.p = 1.6 Hz); 3'P NMR (162MHz, CDCl;) 4 51.28. MS (ESI): found [M+H]* 319.2. Spectral
data for this compound is consistent with that previously reported.l
Procedure for prepare 3e-3gIel:
General Procedure B to prepare Cyclic acetal

A solution of the aldehyde (1.0 equiv), Ethylene glycol (5.0 equiv), and p-Toluenesulfonic
acid (5.0 mol %) in toluene (10 mL/g) was heated at reflux for 24 h. After cooling to room
temperature, the reaction was quenched by the addition of saturated aqueous NaHCO;. The
mixture was extracted with DCM and the combined organic was washed with water and brine,
filtered and concentrated in vacuo, the crude residue was then purified by column
chromatography.
General Procedure C to prepare Cycloacetal phosphoxide

For the Synthesis of 1,3-dioxolanes diphenyl phosphine oxide, to a solution of cyclic acetal
(1.0 eq) in anhydrous THF (10 mL/g), kept in an oven-dried Schlenk flask under an atmosphere of
dry argon, was added dropwise a solution of n-BuLi in hexane (1.0 eq) at -78 °C. After stirring at -
78 °C for 1 h, Phy,PCl (1.0 eq) in anhydrous THF was added dropwise. Then the solution was
stirred for 1 h at -78 °C, allowed to warm to room temperature and stirred for overnight. The
reaction was quenched with a solution of NH4Cl (aq.) and the product was extracted with DCM.
The combined organic layer was washed with water and brine. Filtered and the residue was
purified by column chromatography to afford the product.
General Procedure D to prepare Aldehyde phosphoxidel”!

p-Toluenesulfonic acid (5 mol %) was added to a solution of 1,3-dioxolanes diphenyl
phosphine oxide (1.0 eq) in a mixture of acetone/water. The mixture was refluxed until
completion. After the completion of the reaction, the mixture was cooled to room temperature, and
the acetone was removed under vacuum. The residue was dissolved in DCM, washed with
saturated aqueous NaHCO;, water and brine, and concentrated under vacuum. The crude product
was purified by silica gel column chromatography to afford the product.
Procedure for synthesis of 3e 7l



[\ CHO
CHO p-TSOH (5 mol %), o__0 n-BuLi (1.0 equiv) oy °
HOCH,CH,OH (5 equiv) CIPPh; (1.0 equiv) p-TSOH (5 mol %)
_—
PhMe, reflux THF, -78 °Cto rt CH3COCHg, H,0, PPh
Br 5 PPh, reflux 4 2
r
S5 s6 3e

2-(3-bromophenyl)-1,3-dioxolane (S5)

3-bromobenzaldehyde (3.7 g, 20 mmol) was following the General Procedure B. The residue
was purified by column chromatography (petroleum ether/ethyl acetate = 50:1) to afford a
Colorless oily compound (3.04g, 67%).

(3-(1,3-dioxolan-2-yl)phenyl)diphenylphosphine oxide (S6)

2-(3-bromophenyl)-1,3-dioxolane (3.04 g, 13.3 mmol) was following the General Procedure
C. The residue was purified by column chromatography (petroleum ether /ethyl acetate = 1:3) to
afford a white solid (1.42g, 31%).
3-(diphenylphosphoryl) benzaldehyde (3e)

(3-(1,3-dioxolan-2-yl)phenyl)diphenylphosphine oxide (1.42 g, 4.1 mmol) was following the
General Procedure D. The residue was purified by column chromatography (petroleum ether
/ethyl acetate = 1:2) to provide a white viscous substance 3e (1.07g, 85%). '"H NMR (400 MHz,
CDCl;) 6 10.03 (s, 1H), 8.21-8.15 (m, 1H), 8.11-8.05 (m, 1H), 8.02-7.94 (m, 1H), 7.73-7.64 (m,
5H), 7.63-7.56 (m, 2H), 7.54-7.46 (m, 4H); 3C NMR (100 MHz, CDCl;) 6 191.4, 137.5 (d, Jc.p =
9.9 Hz), 136.2 (d, Jc.p = 10.9 Hz), 134.3 (d, Jc.p = 101.5 Hz), 133.6 (d, Jc.p = 10.1 Hz), 132.3 (d,
Jep=2.8Hz), 132.2 (d, Jc.p=2.5 Hz), 132.0 (d, Jcp = 10.0 Hz), 131.0, 129.4 (d, Jcp=11.5 Hz),
128.7 (d, Jc.p = 12.2 Hz); 3P NMR (162 MHz, CDCl;) § 28.28. MS (ESI): found [M+H]* 307.0.
Spectral data for this compound is consistent with that previously reported.[”!

Procedure for synthesis of 3f-3g0l:

) . .
CHO p-TsOH (5 mol %), o__0O n-BuLi(1.0 equiv),
{_Br HOCH,CH;OH (5 equiv) CIPPh, (1.0 equiv)
ST D P,
R PhMe, reflux o o THF, -78 °C to rt
= R
=
S7a R=4,5-methylenedioxyl
S$7b R=5-F
o_ 0O CHO?
p-TsOH (5 mol %) - PPh2
PPy —————— ot
RIC CH3COCH3, H,0, L
= reflux
S8a R=4,5-methylenedioxy! 3f R=4,5-methylenedioxyl
S8b R=5-F 3g R=5-F

5-bromo-6-(1,3-dioxolan-2-yl)benzo[d][1,3]dioxole (S7a)
6-bromobenzo[d][1,3]dioxole-5-carbaldehyde (3.43 g, 14.9 mmol) was following the General
Procedure B. The residue was purified by column chromatography (petroleum ether /ethyl acetate
=30:1) to afford a white solid (3.63 g, 89 %).
(6-(1,3-dioxolan-2-yl)benzo[d][1,3]dioxol-5-yl)diphenylphosphine oxide (S8a)
5-bromo-6-(1,3-dioxolan-2-yl)benzo[d][1,3]dioxole (3.5 g, 12.9 mmol) was following the
General Procedure C. The residue was purified by column chromatography (petroleum ether /ethyl
acetate = 1:3) to afford a white solid (4.0 g, 79 %).
6-(diphenylphosphoryl)benzo|[d][1,3]dioxole-5-carbaldehyde (3f)
(6-(1,3-dioxolan-2-yl)benzo[d][1,3]dioxol-5-yl)diphenylphosphine oxide (2.0 g, 5.07 mmol)
was following the General Procedure D. The residue was purified by column chromatography
(petroleum ether /ethyl acetate = 1:2) to provide a white solid 3f (1.6 g, 90 %), 'H NMR (400
MHz, CDCl;) 6 10.63 (s, 1H), 7.77-7.56 (m, 7H), 7.50 (td, J = 7.4, 3.1 Hz, 4H), 6.59 (d, J=13.2
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Hz, 1H), 6.11 (s, 2H); 3C NMR (100 MHz, CDCl;) 6 189.5 (d, Jc.p = 6.1 Hz), 151.2 (d, Jcp =
17.8 Hz), 151.0 (d, Jc.p = 2.5 Hz), 136.1 (d, Jc.p = 7.1 Hz), 132.8, 132.4 (d, Jcp = 2.7 Hz), 131.8
(d, Jcp = 10.0 Hz), 130.8, 128.9 (d, Jc.p = 12.3 Hz), 113.1 (d, Jc.p = 13.7 Hz), 108.7 (d, Jc.p =
11.2 Hz), 102.6; 3P NMR (162 MHz, CDCl;) & 31.01. MS (ESI): found [M+H]* 351.0. Spectral
data for this compound is consistent with that previously reported.l
2-(2-bromo-5-fluorophenyl)-1,3-dioxolane (S7b)

2-bromo-5-fluorobenzaldehyde (3.0 g, 14.8 mmol) was following the General Procedure B.
The residue was purified by column chromatography (petroleum ether /ethyl acetate = 30:1) to
afford a Colorless oily compound (3.4 g, 93 %).
(2-(1,3-dioxolan-2-yl)-4-fluorophenyl)diphenylphosphine oxide (S8b)

2-(2-bromo-5-fluorophenyl)-1,3-dioxolane (3.4 g, 13.8 mmol) was following the General
Procedure C. The residue was purified by column chromatography (petroleum ether /ethyl acetate
= 1:4) to afford a white solid (3.2 g, 78 %).
2-(diphenylphosphoryl)-5-fluorobenzaldehyde (3g)

(2-(1,3-dioxolan-2-yl)-4-fluorophenyl) diphenylphosphine oxide (1.1 g, 2.99 mmol) was
following the General Procedure D. The residue was purified by column chromatography
(petroleum ether /ethyl acetate = 1:4) to provide a white solid 3g (0.86 g, 89 %), 'TH NMR (400
MHz, CDCly) 6 10.73 (d, J=3.1 Hz, 1 H), 7.88-7.80 (m, 1 H), 7.70-7.58 (m, 6 H), 7.55-7.48 (m, 4
H), 7.26-7.17 (m, 2 H); 3C NMR (100 MHz, CDCl;) 8 189.8 (dd, Jc.r = 1.0 Hz, Jcp = 5.2 Hz),
166.2 (d, Jc.p=2.9 Hz), 163.7 (d, Jc.p = 2.8 Hz), 142.4 (t, Jc.p = 7.2 Hz), 136.2 (dd, Jc.r = 8.0 Hz,
Jep=12.4 Hz), 132.6 (d, Jcp = 2.8 Hz), 132.5, 131.8 (d, Jcp = 10.0 Hz), 131.4, 128.9 (d, Jcp=
12.3 Hz), 119.5 (dd, Jc.r = 13.0 Hz, Jc.p = 21.2 Hz), 115.9 (dd, Jo.r = 9.8 Hz, Jo.p = 22.4 Hz); 3P
NMR (162 MHz, CDCls) 6 30.11. MS (ESI): found [M+H]* 325.1. Spectral data for this compound

is consistent with that previously reported.

3. Optimization of Reaction Condition

Table S1. Screening of different solvents 2.

o
Il PhyP
NH, ©:CHO AT, (20 mol %) _ O
+ +
PPh, solvent air O

120°C, 24 h Z
3a 4a
Entry solvent Yield[%] ”
1 PhMe 45
2 xylene 47
3 PhC1 61
4 1,4-dioxane trace
5 DCE 41
6 H,O trace
7 DMF N.R.
8 DMSO N.R.
9 'BuOH 34
10 Ethylene glycol trace
11 neat 48
12 HOAc 69




aReaction Conditions: Al(OTf)3 (0.04 mmol,20 mol %), 1a (0.22 mmol), 2a (0.30 mmol), 3a(0.20 mmol), solvent (2.0 mL), 120 °C

under Air condition for 24 h. ®Isolated yield.

Table S2. Screening of different LA catalyst 2.

Q
ll Ph,P.
/©/NH2 @CHO LA catalyst (20 mol %) N O
+ + —_— X
PPh, HOAC, air O
120°C, 24 h 7

1a 2a 3a 4a

Entry LA catalyst yield [%]b

1 AgOTf 55
2 Cu(OTf) 42
3 Fe(OTf) 58
4 Mg(OTf)2 52
5 Zn(OTf) 64
6 Sc(OTH)2 58
7 Dy(OTf)2 56
8 AICl 63
9 FeCl 57
10 FeCl 55
11 HOTf 47

aReaction Conditions: LA catalyst (20 mol %), 1a (0.22 mmol), 2a (0.30 mmol), 3a(0.20 mmol), HOAc (2.0 mL), 120 °C under Air
condition for 24 h. P Isolated yield. 0.40 mmol of 2a were used.

Table S3. Screening of different temperature (2],

Q
PhoP
@ECHO AI(OTT); (20 mol %) _ O
PPh, HOAc air O

TOC, 24 h Z
1a 2a 3a 4a
Entry TI°C]  Yield [%]°
1 rt 10
2 60 46
3 80 54
4 100 62
5 120 69
6 130 55

aReaction Conditions: Al(OTf)3 (0.04 mmol,20 mol %), 1a (0.22 mmol), 2a (0.30 mmol), 3a(0.20 mmol), HOAc (2.0 mL), t °C under
Air condition for 24 h. " Isolated yield.
Table S4. Screening of different catalyst loading [@l.
I thﬁ
/©/NH2 . . @ECHO AI(OT); (xmol %) _ O
m —jomen [

1a 2a 3a 4a



Entry  AIOTH; (mol%)  Yield [%]°

1 20 69
2 10 55
3 5 50
4 0 34

aReaction Conditions: Al(OTf)3 (x mol %), 1a (0.22 mmol), 2a (0.30 mmol), 3a(0.20 mmol), HOAc (2.0 mL), 120 °C under Air

condition for 24 h. Isolated yield. €0.40 mmol of 2a were used.

Table S5. Screening of different oxidant (@],

Q
Ph,P
@ECHO AI(OTT); (20 mol %) _ O
PPh, oxldant (1.5eq.) O
HOAc, 120 °C, 24 h =

4a

Entry Oxidant  Yield [%]"
1 Cu(OAc),-H,0 40
2 AgOAc 64
3 1,4-BQ 48
4 PhI(OAc), 24
5 Ce(SO4) 45
6 Mn(OAc) 26

aReaction Conditions: Al(OTf)3 (0.04 mmol,20 mol %), 1a (0.22 mmol), 2a (0.30 mmol), 3a(0.20 mmol), HOAc (2.0 mL), oxidant (0.30

mmol), 120 °C under Ar condition for 24 h. bIsolated yield.
4. The General Procedures

General procedure for reaction:

Phy(O)P_~
NH, A3
N+ w . @P(C’)th AI(OTH, Rl N A
R34 .
‘ /\IT R2 = CHO HOAc, 120 °C, air ‘ A

R2
1 2 3 4

The mixture of amine la-1k (1.1 equiv, 0.22 mmol), alkyne 2a-21 (1.5 equiv, 0.30 mmol),
aldehyde 3a-3h (1.0 equiv, 0.20 mmol) and aluminium trifluromethanesulfonate (20 mol % ,0.04
mmol) was dissolved in acetic acid (2 mL). The reaction mixture was stirred at 120 °C in an oil
bath for 24 hours under air atmosphere. After the starting material was consumed as indicated by
TLC, acetic acid was evaporated concentrated. The crude product was extracted with
dichloromethane, washed with saturated Na,CO;, and the organic solvent was evaporated
concentrated in vacuo, purified by silica gel column chromatography (eluent: Petroleum ether:
EtOAc = 1:1-1:3) affording the desired product.

General procedure for gram-scale reaction:

Phy(O)P:
5): AI(OTf 3 (20 mol %) O O
HOAc air =
P(O)Ph,

120°C, 48 h
2a 3b, 5.0 mmol (1.6 g) 4w, 1559 61%

The mixture of amine 1a (1.1 equiv, 5.5 mmol), alkyne 2a (1.5 equiv, 7.5 mmol), aldehyde 3b or

8



3d (1.0 equiv, 5.0 mmol) and aluminium trifluromethanesulfonate (20 mol % ,1.0 mmol) was
dissolved in acetic acid (50 mL) in a 100 mL flask. The reaction mixture was stirred at 120 °C in
an oil bath for 24 hours under air atmosphere.After the starting material was consumed as
indicated by TLC, acetic acid was evaporated concentrated. The crude product was extracted with
dichloromethane, washed with saturated Na,COs, and the organic solvent was evaporated
concentrated in vacuo, purified by silica gel column chromatography (DCM: EtOAc = 10:1-2:1)
affording the desired product.

General procedure for reduction 4 to 5:

Phy(O)P PhyP.
O HSICl; (5.0 equiv), O
Ns Et;N (5.5 equiv) _ Ny
O P PhMe, 100°C O P
Ph Ph

4 5

In a 25 mL of reaction tube under Ar atmosphere, 4 (1.0 equiv,0.6 mmol) was added to dry
toluene(6 mL), trichlorosilane(5.0 equiv, 3.0 mmol)was add to solutions dropwise, then
triethylamine (3.3 mmol, 5.5 equiv) was added dropwise to the solution and refluxed at 100 °C
overnight, after which the reaction mixture was cooled, carefully quenching the reaction with
saturated aqueous NaHCOj; solution, and then extracting the solution three times with DCM, The
organic phase are combined, and removed solvent, and then the flash column
chromatography(eluent: Petroleum ether : EtOAc = 20:1-5:1) method is used to obtain the
phosphorus-containing quinoline compound 5.

5. Mechanism explaining the regioselectivity

As show in the following figure, a tentative mechanism was proposed. Initially, Intermediate B
was formed by coordination of imine A, which was generated in situ, and alkyne to A1, and
then addition of alkyne to imine A forms the propargylamine intermediate C, which then
undergoes an intramolecular hydroarylation of alkyne to give dihydroquinoline intermediate D.
Subsequently, a oxidation of D by O, in air affords the quinoline product 4a.

For unsymmetrical aniline derivatives as substrate, the regioselectivity of the reaction mainly
depends on the electronic and steric effects of the ortho position of amino on the propargylamine
intermediate C. The greater the steric hindrance effect of the ortho position of amino on the
propargylamine intermediate C, the worse the regioselectivity, and the higher the electron cloud
density of the ortho position of amino on the propargylamine intermediate C,, the better the

regioselectivity.



CHO

P(O)th
e (O
H2N

P(O)Ph, o
HO + POPh, o \
LT
AN 2)
z s
P(O)Ph, O
AIE" c
. o N /
air
P(O)Ph P(O)Ph
Ph,(O)P

W
e~
% -
1 Ph
NH; de-1

— 4de-1/4e-2=1.04:1
2 Ph,(O)P

| . W)
=
Ph
steric effect:1 slightly larger than 2 de-2

electronic effect (electronic cloud density): 1 slightly denser than 2

NH,
1,

4k’ not detected

steric effect:2 >> 1

electronic effect (electronic cloud density): 1> 2

Scheme S1 Mechanism explaining the regioselectivity

6. Characterization of product

Q
Ph,P.
e
L
Ph
4a
4a, Light yellow solid, 69 % yield, 'TH NMR (400 MHz, CDCls) § 7.77-7.44 (m, 16H), 7.40

(dd, J = 8.6, 1.8 Hz, 1H), 7.28-7.15 (m, 6 H), 2.42 (s, 3H); 3C NMR (100 MHz, CDCl;) & 157.0
(d, Jer=3.8 Hz), 146.5 (d, Jo.p = 41.8 Hz), 145.8 (d, Jo.p = 8.1 Hz), 138.1, 136.3, 134.7 (d, Je.p =
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10.9 Hz), 133.2 (d, Jcp = 105.1 Hz), 132.3, 132.0 (d, Jc.p = 2.4 Hz), 131.7 (d, Jc.p = 9.7 Hz),
131.3,131.3, 131.0, 130.9 (d, Jc.p = 2.5 Hz), 129.6, 129.2, 128.4, 128.1, 127.9 (d, Jc.p = 11.9 Hz),
127.7 (d, Jc.p = 12.2 Hz), 124.9, 124.0, 123.0, 21.8; 3P NMR (162 MHz, CDCls) § 29.79; HRMS
(ESI, m/z): calculated for C54H7NOP*: 496.1825, found :496.1827 [M+H]".

Ph,P
W
I
HSCO/‘;);‘
Ph

4b

4b, Light yellow solid, 63 % yield, TH NMR (400 MHz, CDCl;) 8 7.74-7.42 (m, 15H), 7.28-
7.16 (m, 7H), 7.10 (d, J=2.8 Hz. 1H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCls) § 157.8, 155.5
(d, Je.p = 3.8 Hz), 146.0, 145.8 (d, Jc.p = 8.1 Hz), 143.8, 138.1, 134.6 (d, Jc.p = 10.9 Hz), 133.2
(d, Je.p = 105.0 Hz), 132.3, 132.0 (d, Jc.p = 2.5 Hz), 131.6 (d, Jc.p = 9.6 Hz), 131.3, 130.9 (d, Jc.p
= 3.0 Hz), 130.8 (d, Jc.p = 2.6 Hz), 128.9 (d, Jc.p = 79.1 Hz), 128.2, 127.8 (d, Jc.p = 12.1 Hz),
127.7 (d, Jc.p = 12.2 Hz), 127.7 (d, Jcp = 3.0 Hz), 125.9, 123.3, 121.4, 103.2, 55.3; 3'P NMR
(162 MHz, CDCls) 6 29.72; HRMS (ESI, m/z): calculated for C34Hy;NO,P*: 512.1774, found:
512.1775 [M+H]".

Q
PhoP
I
9®
H,CO0C =
Ph

4c

4c¢, Light yellow solid, 47 % yield, TH NMR (400 MHz, CDCIl3) 6 8.59 (d, J = 1.7 Hz, 1H),
8.18 (dd, J = 8.8, 1.9 Hz, 1H), 7.75-7.59 (m, 9H), 7.57-7.47 (m, 6H), 7.27-7.16 (m, 6H), 3.92 (s,
3H); 3C NMR (100 MHz, CDCLy) & 166.8, 160.1 (d, Jcp = 3.9 Hz), 149.3(d, Jcpr = 81.3 Hz),
145.3 (d, Jc.p = 7.7 Hz), 137.2, 134.7 (d, Jc.p = 11.0 Hz), 133.6, 132.5, 132.5, 132.1 (d, Jc.p=2.4
Hz), 131.7 (d, Jep = 9.6 Hz), 131.5, 131.1 (d, Jep = 2.7 Hz), 130.9 (d, Jep = 9.2 Hz), 129.8,
129.7, 128.8, 128.7 (d, Jc.p = 0.8 Hz), 128.6, 128.3 (d, Jc.p = 12.1 Hz), 127.9, 127.8, 124.3, 123.9,
52.3; 3P NMR (162 MHz, CDCl3) 8§ 29.53; HRMS (ESI, m/z): calculated for C;sH,;NOsP™:
540.1723, found: 540.1722 [M+H]*.

e

PhyP.
e

9

Br =

Ph

4d

4d, Light yellow solid, 61 % yield, '"H NMR (400 MHz, CDCls) 8 7.96 (d, J = 2.1 Hz, 1H),
7.76-7.57 (m, 9H), 7.57-7.44 (m, 7H), 7.32-7.18 (m, 6H); 13C NMR (100 MHz, CDCl;) & 158.3(d,
Jep = 3.8 Hz), 146.6, 146.3, 145.3 (d, Jcp = 7.8 Hz), 137.1, 134.7 (d, Jcp = 11.0 Hz), 133.6,
132.5, 132.5,132.0 (d, Jc.p = 2.4 Hz), 132.4, 131.6 (d, Jc.p = 9.6 Hz), 131.4, 131.2, 131.0 (d, Jc.p
= 2.6 Hz), 130.8 (d, Jc.p = 9.3Hz), 129.1 (d, Jcp = 79.2 Hz), 128.6, 128.2 (d, Jc.p = 12.1 Hz),
127.8 (d, Jep = 12.2 Hz), 127.5, 126.2, 123.7, 120.5; 3P NMR (162 MHz, CDCl;) § 29.62;
HRMS (ESI, m/z): calculated for C33H,3;BrNOPNa*: 582.0593, found: 582.0591 [M+Na]*.
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4el, 4e2, Light yellow solid, 67 % yield (1:1.04),'H NMR (400 MHz, CDCl3) & 7.77-7.57
(m, 14H), 7.55-7.34 (m, 16H), 7.31-7.14 (m, 14H), 2.39 (s, 3H), 2.35 (s, 3H), 2.33 (s, 3H), 1.82 (s,
3H); 3C NMR (100 MHz, CDCl;) 8 156.8 (d, Jc.p = 3.7 Hz), 155.7 (d, Jcp = 3.8 Hz), 147.6,
147.2, 146.9, 146.5, 146.0 (d, Jc.p = 8.0 Hz), 145.4 (d, Jc.p = 8.1 Hz), 142.8, 139.2, 138.2, 136.3,
135.9,134.7 (d, Jc.p = 10.9 Hz), 133.8 (d, Jc.p = 7.5 Hz), 132.8 (d, Jc.p = 7.4 Hz), 132.3 (d, Jc.p =
4.4 Hz), 132.0, 132.0, 131.9 (d, Jc.p = 7.1 Hz), 131.9 (d, Jc.p = 2.0 Hz), 131.7 (d, Jc.p = 3.7 Hz),
131.6 (d, Jc.p = 3.8 Hz), 131.3 (d, Jcp = 4.6 Hz), 130.9, 130.8, 130.8, 130.8, 130.8, 130.7, 129.5,
128.9, 128.5 (d, Jc.p=17.9 Hz) ,128.1, 128.0, 128.0, 127.9. 127.7 (d, Jc.p = 1.6 Hz), 127.6 (d, Jc.p
= 1.5 Hz), 127.4, 127.2, 125.2, 125.0, 124.4, 123.5, 122.1, 21.0, 20.2, 20.2, 20.2; 3'P NMR (162
MHz, CDCI;) 6 29.90,29.77; HRMS (ESI, m/z): calculated for C;5H,sNOPNa*: 532.1801, found:
532.1802 [M+Na]".

Q
Phyf
e
O®
cl =
Ph

4f

4f, Light yellow solid, 63 % yield, 'TH NMR (400 MHz, CDCl;3) & 7.79 (d, J = 2.2 Hz, 1H),
7.73-7.57 (m, 9H), 7.56-7.45 (m, 7H), 7.31-7.17 (m, 6H); 13C NMR (100 MHz, CDCl;) & 158.2(d,
Jep = 3.9 Hz), 146.7, 146.1, 145.4 (d, Jcp = 7.8 Hz), 137.2, 134.7 (d, Jcp = 11.0 Hz), 133.6,
132.5, 132.4, 132.3, 132.1 (d, Jc.p = 2.3 Hz), 131.6 (d, Jc.p = 9.6 Hz), 131.4, 131.1, 131.0 (d, Jc.p
= 2.6 Hz), 130.8 (d, Jc.p = 9.3 Hz), 130.0, 129.1 (d, Jc.p = 79.3 Hz), 128.6, 128.2 (d, Jcp = 12.0
Hz), 127.8 (d, Jc.p = 12.1 Hz), 125.7, 124.2, 123.8; 3'P NMR (162 MHz, CDCl;) § 29.62; HRMS
(ESI, m/z): calculated for C33H,3CINOPNa*: 538.1098, found: 538.1099 [M+Na]*.

Q
o, PP
N
9
HsCO =
Ph

49

4g, Light yellow solid, 44 % yield, '"H NMR (400 MHz, CDCl3) 4 7.80 (dd, J = 13.6, 7.7 Hz,
1H), 7.68-7.62 (m, 2H), 7.62-7.54 (m, 4H), 7.53-7.41 (m, 6H), 7.37 (s, 1H) 7.26-7.09 (m, 7H),
6.91(d, J = 2.7 Hz ,1H), 3.74 (s, 3H), 2.51 (s, 3H); 3C NMR (100 MHz, CDCl3)  157.2, 154.7
(d, Je.p = 3.8 Hz), 146.3 (d, Jc.p = 8.7 Hz), 146.1, 143.3, 139.6, 138.6, 134.6 (d, Jc.p = 10.6 Hz),
133.7, 132.7, 131.9 (d, Jc.p = 2.5 Hz), 131.6 (d, Jcp = 9.7 Hz), 131.1 (d, Jc.p = 9.6 Hz), 131.1,
130.7 (d, Jc.p = 2.7 Hz), 129.4, 128.5, 128.0, 127.7 (d, Jc.p = 11.8 Hz), 127.7 (d, Jc.p = 12.1 Hz),
126.0, 123.4, 121.4, 55.2, 18.5; 3P NMR (162 MHz, CDCl3) § 29.34; HRMS (ESIL, m/z):
calculated for C35sHpoNO,P*: 526.1930, found: 526.1930 [M+H]".
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Q
Ph,P
)
CC
OQN/‘/\;;‘
Ph

4h

4h, yellow solid, 25 % yield, '"H NMR (400 MHz, CDCls) & 7.82 (d, J = 7.8 Hz, 1H), 7.76-
7.55 (m, 10H), 7.53-7.37 (m, 7H), 7.25-7.15 (m, 5H); *C NMR (100 MHz, CDCl;) & 157.9 (d, Jc.
» =42 Hz), 147.6 (d, Je.p = 29.4 Hz), 137.8, 134.7 (d, Je.p = 11.0 Hz), 133.6, 132.5, 132.1 (d, Jep
= 2.5 Hz), 131.9 (d, Jc.p = 100.9 Hz), 131.7 (d, Jc.p = 9.6 Hz), 131.4, 130.9, 130.9, 130.8, 129.7,
129.3 (d, Je.p = 43.4 Hz), 128.5, 128.3, 128.1 (d, Je.p = 11.9 Hz), 127.7 (d, Je.p = 12.2 Hz), 126.4,
125.4, 125.0 ,123.1; 3P NMR (162 MHz, CDCI3) § 29.69; HRMS (ESI, m/z): calculated for
C33H4N,O3P*: 527.1519, found: 527.1516 [M+H]".

e

Ph,P

=

Ph

4i

4i, Light yellow solid, 12 % yield, '"H NMR (400 MHz, CDCls) & 8.81 (d, J= 2.5 Hz, 1H),
8.35 (dd, J = 9.2,2.5 Hz, 1H), 7.86 (s, 1H), 7.78-7.41 (m, 16H), 7.36-7.28 (m, 2H), 7.27-7.20 (m,
3H); 3C NMR (100 MHz, CDCLy) & 161.5(d, Je.p = 3.8 Hz), 149.7 (d, Jep = 23.0 Hz), 145.4,
144.9 (d, Jc.p = 7.5 Hz), 136.4, 134.8 (d, Jc.p = 11.3 Hz), 133.5, 132.6, 132.5, 132.2 (d, Jc.p=2.4
Hz), 131.6 (d, Jep = 9.6 Hz), 131.2, 131.2, 130.9 (d, Jep = 9.2 Hz), 129.3 (d, Jop = 55.1 Hz),
129.2, 128.7, 128.6 (d, Jep = 12.1 Hz), 128.4, 128.0 (d, Jo.p = 12.2 Hz), 124.7, 124.1, 122.6 (d, Jc.
p = 18.7 Hz); 3P NMR (162 MHz, CDCls) & 29.74; HRMS (ESI, m/z): calculated for
C33H,sNOPH™: 482.1668, found: 482.1666 [M+H]".

Q
PhyP.
e
0
Ph

4

4j, Light yellow solid, 67 % yield, TH NMR (400 MHz, CDCls) § 7.74-7.56 (m, 9H), 7.55-
7.41 (m, 7H), 7.39-7.32 (td, J= 9.0, 2.8 Hz, 1H), 7.31-7.18 (m, 6H); 13C NMR (100 MHz, CDCl3)
5 161.9, 159.4, 157.4 (t, Jc.p = 3.3 Hz), 147.0 (d, Jc.p = 5.5 Hz), 145.5 (d, Jc.p = 8.0 Hz), 144.8,
137.4,134.7 (d, Jc.p=11.0 Hz), 133.2 (d, Jc.r = 104.9 Hz), 132.1 (d, Jc.p = 2.5 Hz), 132.0 (d, Jc.p
=9.1 Hz), 131.9 (d, Jc.p = 100.7 Hz), 131.7 (d, Jc.p = 9.6 Hz), 131.0 (d, Jc.p = 2.8 Hz), 130.9 (d,
Jep=9.4 Hz), 129.1 (d, Jc.r = 73.3 Hz), 128.5, 128.1 (d, Jc.r = 12.0 Hz), 127.8 (d, Jo.p = 12.1
Hz), 125.9 (d, Jc.p = 9.6 Hz), 123.6, 119.3 (d, Jc.r = 25.5 Hz), 108.8 (d, Jc.p = 23.0 Hz) ; 3P
NMR (162 MHz, CDCls) § 29.59; %F NMR (376 MHz, CDCl;) § -112.66. HRMS (ESI, m/z):
calculated for C33Hp;FNOPNa*: 522.1394, found: 522.1395 [M+Na]*.

Q
Ph,P
e
N
O
Ph
4k
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4Kk, Light yellow solid, 48 % yield, "TH NMR (400 MHz, CDCls) 8 7.89-7.76 (m, 3H), 7.75-
7.57 (m, 8H), 7.55 (d, J = 9.0 Hz, 1H), 7.52-7.37 (m, 7H), 7.23-7.04 (m, 7H); 13C NMR (100
MHz, CDCl3) 6 156.4 (d, Jc.p = 3.8 Hz), 148.6, 147.4, 145.2 (d, Jc.p= 8.1 Hz), 142.2, 134.7 (d, Jc.
p = 11.0 Hz), 133.6, 132.8, 132.6, 132.5, 132.1 (d, Jcp = 2.3 Hz), 131.7, 131.6, 131.5, 131.1,
131.0 (d, Jc.p = 9.4 Hz), 130.9 (d, Jcp = 2.8 Hz), 129.4, 129.1, 128.4, 128.2 (d, Jc.p = 12.5 Hz),
128.1 (d, Jop = 12.6 Hz), 127.8 (d, Jc.p = 12.2 Hz), 126.4, 125.7, 125.2, 122.3; 3P NMR (162
MHz, CDCl3) 6 29.67, HRMS (ESI, m/z): calculated for C;;H,sNOPNa*: 554.1644, found:
554.1646 [M+Na]*.

Q
PhoP.
e
N
e

4

41, Light yellow solid, 69 % yield, 'TH NMR (400 MHz, CDCl;) & 7.93 (t, J = 9.2 Hz, 2H),
7.81 (dd, J = 13.7, 7.7 Hz, 1H), 7.76-7.69 (m, 3H), 7.67-7.44 (m, 8H), 7.42-7.26 (m, TH), 7.23-
7.15 (m, 3H), 7.01 (s, 1H), 2.24 (s, 3H); 3C NMR (100 MHz, CDCl;) 8 156.8 (d, Jc.p = 3.4 Hz),
145.9 (d, Jc.p = 38.3 Hz), 145.5 (d, Jc.p = 7.6 Hz), 136.0 (d, Jc.p = 53.9 Hz), 135.1 (d, Jc.p = 10.8
Hz), 134.2 (d, Jc.p = 3.5 Hz), 133.3, 133.2 (d, Jc.p = 3.8 Hz), 132.1, 131.9, 131.9, 131.8 (d, Jc.p =
12.7 Hz), 131.7, 131.6 (d, Jc.p = 5.8 Hz), 131.1, 131.0, 131.0 (d, Jc.p = 2.6 Hz), 130.7 (d, Jcp =
2.6 Hz), 128.8 (d, Jc.p = 58.8 Hz), 128.1, 128.0, 127.9, 127.7 (d, Jc.p = 6.0 Hz), 127.4 (d, Jcp =
30.6 Hz), 126.3, 126.1 (d, Jo.p = 10.3 Hz), 125.6 (d, Jc.p = 69.4 Hz), 124.5, 123.3, 21.6; 3P NMR
(162 MHz, CDCl;) & 30.53; HRMS (ESI, m/z): calculated for C53HyyNOP*: 546.1981, found:
546.1918 [M+H]".

Q

PhyP
e
N
9P

Br

4m

4m, Light yellow solid, 64 % yield, '"H NMR (400 MHz, CDCl) § 7.73-7.57 (m, 11H), 7.51-
7.38 (m, 5H), 7.27-7.15 (m, 6H), 2.44 (s, 3H); 3C NMR (100 MHz, CDCl3) 4 156.9 (d, Jc.p = 3.8
Hz), 145.8 (d, Jc.p = 100.1 Hz), 145.7 (d, Jc.p = 8.0 Hz), 136.9, 136.5, 134.6 (d, Jc.p = 11.1 Hz),
133.0 (d, Jc.p = 104.8 Hz), 132.2, 132.1 (d, Jcp = 2.4 Hz), 131.6, 131.6, 131.5, 131.4, 131.2,
130.9 (d, Jc.p =9.2 Hz), 130.9 (d, Jc.p = 2.6 Hz), 129.3, 128.0 (d, Jc.p = 12.0 Hz), 127.7 (d, Jc.p =
12.1 Hz), 124.6, 123.6 ,123.1, 122.5, 21.8; 3P NMR (162 MHz, CDCl;) § 29.74; HRMS (ESI,
m/z): calculated for C34H,sBrNOPNa™: 596.0749, found: 596.0750 [M+Na]*.

Q
Ph,P
e
N
9

NO,
4n
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4n, Light yellow solid, 42 % yield, "TH NMR (400 MHz, CDCls) & 8.51-8.28 (m, 2H), 7.84-
7.37 (m, 15H), 7.31-7.20 (m, 5H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl;) & 156.9 (d, Jc.p =
4.0 Hz), 147.6, 146.4, 145.5 (d, Jc.p = 8.0 Hz), 144.3 (d, Jc.p = 97.8 Hz), 137.1, 134.5 (d, Jcp =
11.4 Hz), 133.3, 132.2 (d, Jc.p = 4.3 Hz), 132.2 (d, Jc.p = 2.3 Hz), 131.7, 131.5 (d, Jc.p = 9.6 Hz),
131.2, 131.1, 131.1, 131.0, 130.6, 129.5, 128.1 (d, Jc.p = 12.1 Hz), 127.8 (d, Jc.p = 12.1 Hz),
124.1, 123.7, 123.3 (d, Jc.p = 31.3 Hz), 21.8; 3P NMR (162 MHz, CDCl;) § 29.75; HRMS (ESI,
m/z): calculated for C34Hp¢N,O3P*: 541.1676, found: 541.1674 [M+H]".

Q
PhgP
e
N
I

OCHjs
40

40, Light yellow solid, 65 % yield, '"H NMR (400 MHz, CDCls) 8 7.75-7.53 (m, 10H), 7.51-
7.44 (m, 3H), 7.40 (dd, J = 8.6,1.7 Hz, 1H), 7.26-7.14 (m, 6H), 7.05 (d, J = 8.7 Hz, 2H), 3.89(s,
3H), 2.43(s, 3H); 3C NMR (100 MHz, CDCls) 8 159.6, 156.9 (d, Jc.p = 4.0 Hz), 146.4 (d, Jcp =
2.8 Hz), 1459 (d, Jcp = 8.2 Hz), 136.1, 134.6 (d, Jc.p = 10.9 Hz), 133.1 (d, Jcp = 105.1 Hz),
132.3, 132.3, 132.0 (d, Jc.p = 2.3 Hz), 131.6 (d, Jc.p = 9.6 Hz), 131.3, 131.2, 130.9, 130.9, 130.8
(d, Je.p = 2.9 Hz), 130.3, 129.2, 127.9 (d, Jc.p = 12.0 Hz), 127.7 (d, Jc.p = 12.1 Hz), 125.1, 123.5
(d, Jc.p = 110.9 Hz), 113.9, 55.3, 21.8; 3'P NMR (162 MHz, CDCl;) 6 29.73; HRMS (ESI, m/z):
calculated for C35sHpoNO,P*: 526.1930, found: 526.1930 [M+H]".

4p, Light yellow solid, 50 % yield, TH NMR (400 MHz, CDCl;) 8 7.74-7.53 (m, 10H), 7.51-
7.45 (m, 1H), 7.41 (dd, J = 8.6,1.7 Hz, 1H), 7.27-7.15 (m, 6H), 7.12-7.00 (m, 3H), 3.98 (s, 3H),
3.96 (s, 3H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) § 157.0 (d, Jc.p = 3.9 Hz), 148.9 (d, Jc.p =
25.1 Hz), 146.5 (d, Jc.p = 11.8 Hz), 145.8 (d, Jcp = 8.1 Hz), 136.1, 134.7 (d, Jc.p = 10.9 Hz),
133.2 (d, Jc.p = 105.0 Hz), 132.3, 132.0 (d, Jc.p = 2.3 Hz), 131.6 (d, Jc.p = 9.7 Hz), 131.3, 131.2,
130.9, 130.8, 130.8, 130.6, 129.2, 127.9 (d, Jc.p = 11.9 Hz), 127.7 (d, Jc.p = 12.1 Hz), 125.1,
124.1, 122.9, 122.2, 112.9, 111.0, 56.0, 55.9, 21.8; 3'P NMR (162 MHz, CDCl;) § 29.71; HRMS
(ESI, m/z): calculated for C34H3;NO3;P*: 556.2036, found: 556.2037 [M+H]".

4q

4q, Light yellow solid, 58 % yield, "H NMR (400 MHz, CDCl;) & 8.98 (s, 1H), 8.23 (d,
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J=8.3 Hz, 1H), 7.75 (dd, J = 7.2,3.3 Hz,1H), 7.71-7.64 (m, 3H), 7.61 (d, J = 8.6 Hz, 1H), 7.54-
7.22 (m, 14H), 7.21-7.13 (m, 2H), 2.40 (s, 3H), 2.07 (s, 3H); 3C NMR (100 MHz, CDCIl;)
170.3, 156.5 (d, Jc.p = 4.1 Hz), 146.6 (d, Jc.p = 7.3 Hz), 146.1, 142.3, 136.5 (d, Jc.p = 49.3 Hz),
133.4 (d, Jc.p = 2.2 Hz), 133.3, 132.6 (d, Jc.p = 41.2 Hz), 132.2 (d, Jcp = 2.4 Hz), 131.9, 131.8,
131.7, 131.6, 131.5 (d, Jc.p = 2.8 Hz), 131.3 (d, Jcp = 10.0 Hz), 130.9 (d, Jc.p = 9.4 Hz), 130.0,
129.1, 128.9 (d, Jc.p=46.1 Hz), 128.5 (d, Jc.p = 12.0 Hz), 128.1 (d, Jc.p = 12.3 Hz), 127.6 (d, Jc.p
=12.5 Hz), 125.9, 124.9 (d, Jc.r = 93.8 Hz), 123.9 (d, Jc.p = 49.3 Hz), 24.0, 21.6; 3P NMR (162
MHz, CDCIl;) 6 30.87; HRMS (ESI, m/z): calculated for C;sHy9N,O,PNa*: 575.1859, found:
575.1860 [M+Na]*.

Q
PhyP
e
N
9P

4r

4r, Light yellow solid, 69 % yield, TH NMR (400 MHz, CDCI3) & 7.98 (d, J = 8.4 Hz, 1H),
7.95-7.89 (m, 3H), 7.81-7.69 (m, 2H), 7.69-7.39 (m, 13H), 7.30-7.17 (m, 6H), 2.40 (s, 3H); 3C
NMR (100 MHz, CDCl3) § 157.0(d, Je.p = 3.8 Hz), 146.5 (d, Je.p = 47.3 Hz), 145.7 (d, Jop = 8.1
Hz), 136.4, 135.5, 134.7 (d, Jc.p = 10.8 Hz), 133.8, 133.1, 132.8 (d, Jc.p = 12.1 Hz), 132.3, 132.0
(d, Jep = 2.3 Hz), 131.7 (d, Jep = 9.7 Hz), 131.4, 131.3, 130.9, 130.9 (d, Jep = 2.7 Hz), 129.2,
128.7, 128.2, 128.0, 127.9, 127.8, 127.7, 127.6, 127.4, 126.4 (d, Jc.p = 6.6 Hz), 125.1, 124.1,
123.1, 21.8 ; 3P NMR (162 MHz, CDCl5) § 29.93; HRMS (ESI, m/z): calculated for C3;3H,o0NOP
*:546.1981, found: 546.1981 [M+H]".

Q
PhyP
e
N
9P

B(OH),

4s

4s, Light yellow solid, 37 % yield, "TH NMR (400 MHz, CDCl;) & 7.77-7.59 (m, 7H), 7.58-
7.43 (m, 9H), 7.41 (dd, J = 8.5,1.9 Hz, 1H), 7.26-7.16 (m, 5H) , 2.43 (s, 3H); 3C NMR (100
MHz, CDCl3) 6 157.0 (d, Jc.p = 3.8 Hz), 146.5 (d, Jc.p = 41.5 Hz), 145.8 (d, Jc.p = 8.1 Hz), 138.1,
136.3, 134.7 (d, Jc.p = 11.0 Hz), 133.7, 132.7, 132.3, 132.0 (d, Jc.p = 2.5 Hz), 131.7 (d, Jc.p = 9.7
Hz), 131.1 (d, Jc.p = 42.0 Hz), 131.0, 130.9, 129.6, 129.2, 128.4, 128.1, 127.9 (d, Jc.p = 12.0 Hz),
127.7 (d, Je.p = 12.2 Hz), 124.9, 124.1, 123.0, 21.8; 3P NMR (162 MHz, CDCls) § 29.80; HRMS
(ESI, m/z): calculated for C;,H,sBNOsP*: 540.1894, found: 540.1897 [M+H]*.

Q

PhyP
e
A
90

4t
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4t, Light yellow solid, 68 % yield, 'TH NMR (400 MHz, CDCl3) & 7.78 (dd, J = 13.9,7.4 Hz,
1H), 7.74-7.63 (m, 4H), 7.62-7.55 (m, 2H), 7.52-7.43 (m, 3H), 7.40-7.27 (m, 7H), 7.27-7.22 (m,
1H), 7.20-7.11 (m, 3H), 7.07(s, 1H), 2.36(s, 3H), 1.97(s, 3H); 3C NMR (100 MHz, CDCl;)
156.8 (d, Jc.p = 3.5 Hz), 146.5 (d, Jc.p = 157.3 Hz), 145.6 (d, Jc.p = 7.5 Hz), 137.6, 136.2 (d, Jc.p
=29.8 Hz), 135.0 (d, Jc.p = 10.8 Hz), 134.2 (d, Jc.p = 7.7 Hz), 133.1 (d, Jc.p = 7.7 Hz), 131.9 (d,
Jep=9.6 Hz), 131.9 (d, Jc.p =2.5 Hz), 131.6 (d, Jc.p = 110.0 Hz), 131.6 (d, Jc.p = 9.7 Hz), 131.4,
131.1 (d, Jc.p = 13.6 Hz), 131.0 (d, Jc.p = 0.9 Hz) , 130.8 (d, Jc.p = 2.7 Hz), 129.7 (d, Jc.p = 48.1
Hz), 128.6 (d, Jc.p = 100.4 Hz), 128.0, 127.9, 127.7 (d, Jc.p = 3.8 Hz), 127.6, 125.6, 124.9 (d, Jc.p
= 133.9 Hz), 124.2, 21.7, 20.1; 3P NMR (162 MHz, CDCl;) § 30.51; HRMS (ESI, m/z):
calculated for C35sH,oNOP*: 510.1981, found: 510.1982 [M+H]".

4u

4u, Light yellow solid, 68 % yield, "TH NMR (400 MHz, CDCl3) § 7.77 (dd, J = 13.5,8.0 Hz,
1H), 7.70-7.57 (m, 6H), 7.56-7.46 (m, 4H), 7.43-7.35 (m, 2H), 7.29-7.23 (m, 5H), 7.22-7.15 (m,
4H), 2.45 (s, 3H), 2.43(s, 3H); 13C NMR (100 MHz, CDCls) 8 157.0 (d, Jc.p = 3.8 Hz), 146.6 (d,
Jep=79.4 Hz), 145.7 (d, Jcp = 8.2 Hz), 138.1, 138.0, 136.2, 134.7 (d, Jc.p = 10.7 Hz), 133.8,
132.8, 132.3, 132.0 (d, Jcp = 2.3 Hz), 131.7 (d, Jc.p = 9.7 Hz), 131.3, 131.1 (d, Jc.p = 42.2 Hz),
130.9, 130.8, 130.1, 129.0 (d, Jc.p = 27.6 Hz), 128.3, 127.9 (d, Jcp = 12.0 Hz), 127.7 (d, Jcp =
12.2 Hz), 126.7, 125.0, 124.1, 122.7, 21.8, 21.5; 3P NMR (162 MHz, CDCl;) & 29.88; HRMS
(ESI, m/z): calculated for C35H,)NOP*: 510.1981, found: 510.1982 [M+H]".

Q
PhgP.
e
N
9

4v

4v, Light yellow solid, 69 % yield, '"H NMR (400 MHz, CDCl;) & 7.75 (dd, J = 13.7,7.6 Hz,
1H), 7.70-7.53 (m, 8H), 7.52-7.45 (m, 2H), 7.41-7.36 (m, 3H), 7.32 (d, /=8.0 Hz, 2H), 7.27-7.14
(m, 6H), 2.45(s, 3H), 2.42 (s, 3H); 3C NMR (100 MHz, CDCl3) 8 156.9 (d, Jc.p = 3.8 Hz), 146.8,
146.3, 145.8 (d, Jc.p = 8.1 Hz), 138.0, 135.6 (d, Jc.p = 102.5 Hz), 134.7 (d, Jc.p = 10.7 Hz), 133.7,
132.7, 132.3, 132.0 (d, Jc.p = 2.4 Hz), 131.7 (d, Jc.p = 9.6 Hz), 131.3, 131.2, 130.9, 130.8, 130.8,
129.3 (d, Je.p = 35.3 Hz), 129.2, 127.9 (d, Jc.p = 11.9 Hz), 127.6 (d, Jc.p = 12.1 Hz), 125.0, 123.5
(d, Jep = 126.2 Hz), 21.8, 21.2; 3P NMR (162 MHz, CDCl3) & 29.78; HRMS (ESI, m/z):
calculated for C35sH,oNOP*: 510.1981, found: 510.1982 [M+H]*.

Q
PhyP.
e
N
9
Ph
4w

4w, Light yellow solid, 53 % yield, "TH NMR (400 MHz, CDCl3)  7.93-7.27 (m, 18H), 7.25-
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6.84 (br, 4H), 2.46 (s, 3H), 2.15 (s, 3H); 3C NMR (100 MHz, CDCI3) § 156.1 (d, Jc.p = 4.8 Hz),
146.2 (d, Jc.p = 3.1 Hz), 144.5 (d, Jc.p = 8.9 Hz), 137.9, 137.8 (d, Jc.p = 9.7 Hz), 136.3, 134.4 (d,
Jep = 2.5 Hz), 133.1, 132.5, 132.1, 131.8 (d, Jc.p = 9.8 Hz), 131.5 (d, Jcp = 11.3 Hz), 131.5,
130.9, 129.8, 129.2, 128.4, 128.1, 127.8, 127.7, 124.8, 124.5, 124.0, 21.8, 20.4; 3'P NMR (162
MHz, CDCls) 6 28.91; HRMS (ESI, m/z): calculated for C35HyyNOP*: 510.1981, found: 510.1982
[M+H]".

Q
PhyP.
ve
N
Ph

4x

4x, Light yellow solid, 65 % vield, 'TH NMR (400 MHz, CDCLy) § 7.70 (d, J = 13.9 Hz, 1H),
7.67-7.59 (m, 4H), 7.56 (dd, J = 7.8, 4.6Hz, 1H), 7.53-7.36 (m, 10H), 7.27-7.21 (m, 2H), 7.20-
7.12 (m, 4H), 2.42 (s, 3H), 2.40 (s, 3H); 3C NMR (100 MHz, CDCls) § 157.1 (d, Je.pr = 3.6 Hz),
146.5 (d, Jop = 8.2 Hz), 142.7 (d, Jep = 8.2 Hz), 138.0, 137.9, 136.1, 135.2 (d, Je.p = 10.2 Hz),
133.8, 132.8, 132.6 (d, Jep = 2.5 Hz),132.0, 131.8 (d, Jep = 9.8 Hz), 131.3, 131.0, 130.8, 130.8,
130.7, 129.0 (d, Jep = 110.8 Hz), 128.6 (d, Jep = 97.4 Hz), 127.6 (d, Jep = 12.2 Hz), 124.8,
124.0, 122.8, 21.8, 21.3; 3P NMR (162 MHz, CDCl;) § 30.48; HRMS (ESI, m/z): calculated for
C35HaoNOP*: 510.1981, found: 510.1982 [M+H]".

Q
Ph,P.
e
Ph
4y
4y, Light brown solid, 50 % yield, '"H NMR (400 MHz, CDCl;) & 8.01-7.86 (m, 4H),
7.81(dd, J = 11.7, 8.6 Hz, 1H), 7.71-7.64 (m, 2H), 7.60-7.49 (m, 6H), 7.49-7.31 (m, 9H), 7.02-
6.74 (m, 3H), 2.48 (s, 3H); 3C NMR (100 MHz, CDCls) 6 155.3 (d, Jc.p = 5.5 Hz), 146.2 (d, Jc.p
=16.5 Hz), 144.3 (d, Jc.p = 8.9 Hz), 137.8, 136.6, 135.0 (d, Jc.p = 2.1 Hz), 132.3, 132.2, 131.4,
131.2, 131.1 (d, Jc.p = 8.6 Hz), 130.4, 129.8, 129.4, 128.8, 128.4, 128.3 (d, Jc.p = 5.7 Hz), 128.2,
128.1, 128.1, 128.0, 127.9, 127.2 (d, Jc.p = 12.8 Hz), 127.0 (d, Jc.p = 3.9 Hz), 125.3, 125.1, 124.1,
21.8; 3'P NMR (162 MHz, CDCly) & 29.26; HRMS (ESI, m/z):calculated for C3;3sH,sNOP Na*:
568.1801, found: 568.1801 [M+Na]".

1l
Ph,P

e

N
L
Ph

4z

4z, Light yellow solid, 63 % yield, "H NMR (400 MHz, CDCl;) & 8.61 (d, J = 12.8 Hz, 1H),
8.51-8.42 (m, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.79-7.68 (m, 5H), 7.64 (s, 1H), 7.62-7.57 (m, 2H),
7.56-7.43 (m, 12H), 2.45 (s, 3H); 3C NMR (100 MHz, CDCls) § 154.6, 148.7, 147.2, 140.2 (d,
Jep=11.7 Hz), 138.2, 136.6, 133.4, 132.9, 132.5, 132.1 (d, Je.p = 49.7 Hz), 132.1 (d, Je.p = 9.9
Hz), 131.9 (d, Jep = 2.7 Hz), 131.8, 131.0 (d, Je.p = 2.6 Hz), 130.9 (d, Je.p = 9.8 Hz), 129.8, 129.0
(d, Jep = 89.7 Hz), 128.8 (d, Jop = 12.5 Hz), 128.4 (d, Jop = 6.7 Hz), 128.3, 125.8, 124.3, 119.2,
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21.8; 3P NMR (162 MHz, CDCl;) § 29.46; HRMS (ESI, m/z): calculated for C;4H,;NOP*:

496.1825, found: 496.1827 [M+H]".
o

PhoP O o
O NS o

=

Ph

4aa

4aa, Light yellow solid, 58 % yield, '"H NMR (400 MHz, CDCl;) & 7.66-7.55 (m, 5H), 7.55-
7.42 (m, 7H),7.40 (dd, J = 8.6,1.7 Hz, 1H), 7.27-7.09 (m, 8H), 6.05 (s, 2H), 2.42 (s, 3H); 3C
NMR (100 MHz, CDCLy) & 156.5 (d, Je.p = 4.1 Hz), 150.4 (d, Je.p = 2.6 Hz), 147.4 (d, Jep = 17.7
Hz), 146.5 (d, Je.p = 38.2 Hz), 141.7 (d, Jep = 9.0 Hz), 138.0, 136.2, 133.2 (d, Jop = 105.8 Hz),
131.6 (d, Jc.p = 9.6 Hz), 131.3, 130.8 (d, Jc.p = 2.7 Hz), 129.6, 129.1, 128.4, 128.1, 127.7 (d, Jc.p
=12.2 Hz), 125.7, 124.9, 124.7, 124.0, 123.1, 114.0 (d, Jc.p = 13.3 Hz), 111.5 (d, Jc.p = 12.1 Hz),
101.9, 21.7; 3'P NMR (162 MHz, CDCl3) § 29.45; HRMS (ESI, m/z): calculated for C3sH,;NO;P
*:540.1723, found: 540.1726 [M+H]".

Q
Ph,P:
N O .
=
Ph

4ab

4ab, light yellow solid, 63% yield, 'TH NMR (400 MHz, CDCl;) & 7.78-7.68 (m, 1H), 7.66-
7.37 (m, 14H), 7.29-7.14 (m, 7H), 2.43 (s, 3H); 3C NMR (100 MHz, CDCl;) 5 165.8 (d, Je.p =
2.8 Hz), 163.3 (d, Jc.p = 3.0 Hz), 155.6 (dd, Jc.r= 1.7 Hz, Jc.p = 3.4 Hz), 148.6 (dd, Jc.r = 7.9 Hz,
Jep=9.6 Hz), 146.9, 146.2, 137.8, 137.3 (dd, Jc.r=8.9 Hz, Jc.p = 12.3 Hz) , 136.6, 133.3, 132.2,
131.6, 131.5, 131.0 (d, Jc.p = 2.6 Hz), 129.0 (d, Jc.p = 105.9 Hz), 128.7 (d, Jc.p = 89.1 Hz), 127.8
(d, Jep =122 Hz), 127.4 (d, Jep = 3.3 Hz), 125.0, 124.0, 122.7, 118.3 (dd, Je.r = 10.6 Hz, Je.p =
21.9 Hz), 115.0 (dd, Jor = 13.0 Hz, Jc.p = 20.4 Hz) , 21.8; 3P NMR (162 MHz, CDCl;) § 28.92;
F NMR (376 MHz, CDCl3) § -106.54; HRMS (ESI, m/z): calculated for C;;H,c,FNOP*:
514.1731, found: 514.1731 [M+H]*.

Q
Cy,P.
e
N
Ph

4ac

d4ac, yellow solid, 37% yield, "TH NMR (400 MHz, CDCI;) & 8.31 (ddd, J = 10.7,5.6,3.5 Hz,
1H), 8.06 (d, J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.65 (dd, J = 8.5,1.4 Hz, 1H), 7.61-7.50 (m, 8H),
7.47(s, 1H), 2.53 (s, 3H), 1.89-1.53 (m, 13H), 1.35-1.23 (m, 3H), 1.19-1.09 (m, 2H), 0.99-0.90 (m,
4H); 3C NMR (100 MHz, CDCl3) 8 158.5 (d, Jc.p = 2.0 Hz), 148.6, 146.1, 142.8 (d, Jcp = 8.0
Hz), 137.9, 137.0, 132.4, 131.4, 130.7 (d, Jc.p = 2.3 Hz), 130.6, 130.2 (d, Jc.p = 8.8 Hz), 129.4,
129.0, 128.6, 128.5, 128.2 (d, Jc.p = 9.4 Hz), 125.3, 124.7, 122 .4, 38.7, 38.0, 26.7 (dd, Jc.p = 12.9,
9.3 Hz), 26.4 (dd, Jc.p = 11.7,3.5 Hz), 25.7, 21.9; 3P NMR (162 MHz, CDCl;) 4 50.17; HRMS
(ESI, m/z): calculated for C34H3oNOP*: 508.2764, found: 508.2763 [M+H]".
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Phs,P.

=

Ph

5w
5w, White solid, 73 % yield, 'H NMR (300 MHz, CDCl3) § 7.87 (d, J = 8.6 Hz, 1H), 7.61 (s,
1H), 7.44 (d, J = 8.5 Hz, 1H), 7.36 — 7.27 (m, 3H), 7.24 —7.08 (m, 14H), 6.92 — 6.83 (m, 2H), 2.38
(s, 3H), 2.10 (s, 3H); 3C NMR (75 MHz, CDCl3) 8 158.3 (d, Jc.p = 5.4 Hz), 146.9, 146.6, 146.4,
146.0, 138.1, 137.7, 137.5, 136.5, 136.4, 136.3, 134.1, 133.8, 131.5 (d, Jcr = 5.5 Hz), 131.0,
129.7, 129.6, 128.3, 128.2, 128.0, 125.1, 124.2, 123.9 (d, Jcp = 5.5 Hz), 21.8, 20.4; 3'P NMR

(121 MHz, CDCl;) & -12.15; HRMS (ESI, m/z): calculated for CssHaoNP*: 494.2032, found:
494.2032 [M+H]".

Ph,P

e

Ph

Sy

Sy, Light yellow solid, 80 % yield, '"H NMR (300 MHz, CDCls) § 7.98-7.92 (m, 1H), 7.73

(dd, J = 16.2, 7.5 Hz, 3H), 7.49 (1, J = 7.6 Hz, 2H), 7.42 — 7.10 (m, 19H), 2.41 (s, 3H); 13C NMR
(75 MHz, CDCl5) & 157.5 (d, Jc.p = 7.5 Hz), 147.0, 146.7, 145.6, 145.2, 138.1, 136.6, 133.9,
133.7, 133.6, 132.2, 132.1, 131.6, 129.9, 129.8, 129.6, 128.4, 128.3, 128.1, 127.9, 126.6, 126.5,
126.5, 126.5, 125.3, 124.8, 124.8, 21.8; 3P NMR (121 MHz, CDCl;) & -11.92; HRMS (ESI,

m/z): calculated for C3gHpoNP*: 530.2032, found: 530.2031 [M+H]".
7. References

[1] M. L. Abrams, F. Foarta and C. R. Landis, J. Am. Chem. Soc., 2014, 136, 14583.

[2] A. K. Morri, Y. Thummala and V. R. Doddi, Org. Lett., 2015, 17, 4640.

[3] X. Qi, H. Zhang, Z. Pan, R.-B. Liang, C. Zhu, J. Li, Q. Tong, X. Gao, L. Wu and J. Zhong,
Chem. Commun., 2019, 55, 10848.

[4] V. Ravindar, H. Hemling, H. Schumann and J. Blum, Synth. Commun., 1992, 22 ,1453.

[5] W. Ren, Q.-M. Zuo and S.-D. Yang, Synlett, 2019, 30, 1719.

[6] G. London, M. Von, W. Rakowski, O. Dumile, W. B. Schweizer, J.-P. Gisselbrecht, C.
Boudon and F. Diederich, Chem. Sci., 2014, 5, 965.

[7] F. Puls, N. Richter, O. Kataeva and H. J. Knolker, Chem. Eur. J., 2017, 23, 17576.

7. Copies of NMR spectra

20



3,89
3,88

<

3.01

OCH3 W‘
OCHjg Il
29
Ll“ \ ] .
Lol A !
EER g =
T T T T T T T T T T T T |’ T T T T
16 15 14 13 12 11 10 9 8 7 [ ] 4 3 -1 e e
£1 (ppm)
\/ | \ ]
OCHs
OCHs
2g
1 ]
]
]
il l |
I | .
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 80 40 30 20 10 0 -10

£1 (ppm)

21



BEE 'B—

b1GE—

i

i i

=00'g

=E6°0

=60
001
150
Faao

Fann

1 (ppm)

06 F2—

2879
o0
2670
0z E.\
£ B

1 gTT—

bz T
52 21—

12 051—
Pl ZET—

18 BET—

JESTIE

T
1o

T T T
160 130

170

T

180

80

160 140 120 100
1 (opm)

180

200

210

22



ﬁ’th
(0]

10,75

! L
3a
1
1 A .
f e
3 s Hog
T T T T |CI T T D' — T T T T T
16 15 14 13 12 1 10 9 ] 8 5 3 -1 -2 -3
1 (ppm)
©:CHO
ﬁ’th
[e]
3a
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -0 -110 130 -180  -170 -190  -210 230
1 (ppm)

23



80792
00" AL
BB "L

a1 et
12161

>

CHO

PPh,

3a

-10

50 40

60

90

100
1 (ppm)

110

120

0 160 150 140

180

200

210

BT

e 0l—

CHO

PPh,

3b

E00E

Freo

10

12

15

16

1 (ppm

24



BE ZE—

CHO

PPh,

3b

-90 -110 -130 -150 -170 -190 -210 -230

-50
1 (ppm

70 80 B0 40 30 20 10 0 -10 0

90 80

110

0L 1z

8379
oo.hhww
281

998214
8L 820
It
orTEn
08 16T
06 TET~
1 ZET
12280
n mmﬁ.mn
a0’ SET
107951
507 95T
107961
g8 IET
26 10T
6b ThT

2801
epty

CHO

PPh,

3b

o

-10

200 180 180 170 180 160 140 130 120 1o o 80 B0 10 60 50 40 30 20
f1 (ppm)

210

25



il ; e
|
CHO “ |
/C[ ( : |\| [ \
PPh, J div el f J
0
3c
LS
i iy
2 2
T T T T T T T T T T T T T —~ T T T T T T
15 14 13 12 11 10 9 8 7 g 4 3 2 1 o i -2 =3
£1 (ppm)
/@ECHO
PPh,
o)
3c
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 11 80 80 T0 60 B0 40 30 20 10 0O -10 =30 =50 =70 =80 -110 =130 -180 =170 -180 =210 =230
f1 {ppm

26



21.88

190,93
190,87

K8

/@[CHO
ﬁth
(0]
3c
|
1
L
oo ¥ 0 A AN Y o e L i
210 200 100 180 170 160 150 140 130 120 110 100 80 8O 0 60 B0 40 30 20 10 1] el
f1 {ppm
|
|
|
CHO? ;
[
[ I Wil
3d
]
L al l | I
1) w
g 5
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 [ ] 4 3 2 1 0 -1 o | e |

27



32,49

CHO(H)
oM
3d
1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170 -190 -210 -230
Y
CHO?
ool
3d
I
I
|
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

28



CHO

ﬁ’th
O
3e
I
1
by
2
T T T T T T T T T T T T T T T T
18 16 14 13 12 11 10 9 8 7 8 5 4 3 2 3 0 -1 -2 -3
1 (ppm)
T
CHO
ﬁ’th
(o}
3e
T T T T T T T T T T T T T T T T T T T T T T T T T T T 13 T T
130 110 90 80 70 60 B0 40 30 20 10 0 -10 -30 -E0 -0 -850 -110 -130  -160  -170 -180  -210 230
f1 (pom)

29



191,35

.32
17,00
0. 68

<

CHO

ﬁth

3e

T T T
210 200 190 180 170 160 150

1 (ppm)
[
\
OIICHO |
< [
0 PPh, [ :
o ( I [
il /1 A ol
3f
]
I
(]
1 1
T il
T T T T T = T T T = T = Ml T T T T T T T T
15 14 13 12 11 10 9 8 T 6 g 4 3 2 1 0 -1 -2
1 (ppm)

30



ﬁ’th
(0]

310l

3f
T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 -10 =70 =90 -110 -130 -150 =170 -190 -210 =230
N N
o PPh,
11
o
3f
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 Q -10
£1 (ppm)

31



CHO

PPh,

39

=001

Fre0

-2

10

12

14

16

1 (ppm)

1pg—

CHO

PPh,

39

=10 =30 =50 =10 =50 =110 =130 -160 =170 -180 =210 =230
f1 (ppm)

1}

10

80 E0 0 &0 50 40 30 20

1o

130

32



F\©:CHO
PPh,
0

39

sty 3
T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 g0 70 80 50 40 30 20 10 0 -10
1 (ppm)
|
{
]
|
|
r{
: _CHO i ) [ 1)
PCy,
(0]
3h
]
]
=T ETd e =Tt
E s = e
T T T \D T T ﬁl = T T T T T T\Nri T T T T
16 15 14 13 12 1 10 9 g 7 8 5 4 3 2 3 0 -1 -2 -3
1 (ppm)

PCy,
(¢]
3h

33



51,28

1 g oLt N e L A N o D U R s i D T A Ll
T LIS S B B e i B T B e e e R REE s s e
130 110 90 80 70 60 B0 40 30 20 10 O -10 =30 =50 =70 =90 -110 -130 -180 -170 -190 -210 =230
f1 (ppm)
N
@[CHO
PCyz
(e}
3h
h
|
" .
o Y w
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 Q -10

f1 (ppm)

34



Q
Ph,P
f
N O i
|

2.42

N
Z [l
Ph
4a
T P
o
=
T T T T T T T T T T T T = T T T T T
18 15 14 13 12 11 10 9 g % 6 5 1 3 2 1 0 -1 -2 -3
1 (ppm)
I
PhyP.
ve
N
=
Ph
4a
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 S0 40 30 20 10 0 -10 -30 -50 -0 -20 -110  -13%  -150  -170  -190 210 -230
1 (ppm)

35



8l 12—

83790
oo.hhuV

R
§LJ2T

19721
21 66T
C1PET-E
427981~
0 8LT—

Gl ghT
€8 5hT
287 9bT
£1°9bT

kb 95T
g

4a

-10

50 40 30 20

60

g

1

12

1 (ppm)

36



20,72

?
PhyP l

N

O

HsCO Z
Ph

4b
e e S R B il i e
130 110 90 80 70 60 B0 40 30 20 10 O -10 =30 —_EU =70 =90 -110 -130 -180 -170 -190 -210 =230
N
Q
Ph,P.
I
N
=
HsCO
Ph
4
1
|
|
1
1
.

s e ot T e e .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 a0 40 30 20 10 0 -10

1 (ppm)

37



=

To0's

-2

10

11

12

14

15

16

£1 (ppm)

6 62—

PhP
N
N
=

H,CO0C ‘

Ph
4c

-110 -130 -150 -170 -190 -210 =230

-90

o -10

110 9 80 70 60 50 40 30 20 10

130

1 (ppm)

38



— 166 T8
160, 10
~Tian’ o6

52,29

"
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 Q -10
£1 (ppm)
|
|
(
[f
I |
g |
PhyP |
A
N o
N
¥
Br
Ph
4d
1
1
S
ke o
L E
SecE
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 8 T B 4 3 2 1 0 =1 -2 -3

39



20,62

Q
PhyP.
N O
N

=
Br
Ph
4d
1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 B0 40 30 20 10 O -10 -30 -50 -70 -90 -110  -130  -150 -170  -180  -210 230
Q
Ph,P.
v
X
=
Br
Ph
4d
1
|
|
| ]
]
| ‘
I ]
| .
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 80 0 60 50 40 30 20 10 0 -10

1 (ppm)

40



EEr53838833333

2 = 383333353

—1.82

9 i I | | "
Ph,P. Ph,P. I l\ [
) e

N ~
= =
Ph Ph
4e1 4e2

J Il
T ST
T T T T T T T T e g L T T T
16 15 14 13 12 1 10 9 8 T B 3 2 1 0 -2 -3
£1 (ppm)
Y
} b

9 Il
Ph,P. Ph,P. o !

N\ N\ 28.83 20.80 20.77 20.74

fl (ppm)

= =

Ph Ph

de1 4e2

ol
T T T T T T T T T T T 7|7 T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 B0 40 30 20 10 O -10 =30 -50 =70 =90 -110 =130 -150 =170 -190 =210 =230
£1 (ppm)

41



i 0
PhaP. Ph,P.
AN O N O

N

Z >
Ph Ph

4e1 4e2

o ol | - o
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 0 90 60 a0 40 30 20 10 0 -10
|
(5
J
[
||
I |
I
o |
[
Ph,P |
N
N
¥
Cl
Ph
4f
N}
1L
e
g3s3
L]
T T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 8 7 B 3 2 1 0 =1 -2 -3

42



26—

Cl

4f

-90 -110 -130 -150 -170 -190 -210 -230

3 20 10 0 -10 0 -50 -
1 (ppm

50 40

0 60

110 90 80 I

130

£ET)

it

SPToy

1L
ap1-F
3kt

201
e

Ph,P.
N
~N
=
Ph
af

Cl

-10

200 180 180 170 180 160 140 130 120 1o o 80 B0 10 60 50 40 30 20
f1 (ppm)

210

43



H=BFS333REHEEA

=
HsCO
Ph
49
1
1
i il
S oy oy
EZEEZER z E
“nvd-da o L
T T T T T T T T T T T T T T T T T T T T T T
18 17 16 15 14 13 12 i1 10 9 8 7 6 B 4 3 2 1 0 o | ] o ¢ -4 =
£1 (ppm)
)
PhoP
CHy 2
N
N
=
HaCO
Ph
49
]
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 B0 40 30 20 10 O -10 -30 -50 =70 -90 -110 -130 -150 -170 -190 =210 -230
£1 (ppm)

44



18. 50

I
PhyP.
CHy 2
N
N
=
H3CO
Ph
49
i
1
|
J i J ‘
v “ I l l ST Y e @

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 g0 70 80 50 40 30 20 10 0 -10
f1 (ppm)

{
|
(e
I I |
PhyP. M
N Eiln ]‘ |
N ! I
=
O,N
Ph
4h
1
! |
e T
SE=2%
i
T T T T T T T T T T T T T T T T T T T
18 15 14 13 12 11 10 9 g 7 6 g 4 3 2 1 0 -1 -2 -3
£1 (ppm)

45



]
Ph,P.

ON Z

Ph
4h

29,69

T
110 90 80

T T

130

O,N

4h

L

o

T
-90

T
-110

T
-130

T
-150

T
-170

-190

T
-210

T
-230

T

190

T T T
210 200 180

170

T T T
160 150 140

T
130

T
120

T

110

T
100
1 (ppm)

46



BBl
8. 80

¥
Q
Ph,P. [
e
~ |
=
|
Ph /
| I\"
i i
4 :
]
'
g2 8
T T T T T T T — T T T T T T T T 1
18 16 14 13 12 11 10 9 7 8 5 4 3 2 1 0 -1 -2 -3
1 (ppmw
T
Q
PhyP.
e
A
O
Ph
4i
1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 B0 40 30 20 10 O -10 -30 -0 -70 -90 -110  -130  -150 -170  -180  -210 230
1 (ppm)

47



142,84
140,61

&
L

T T T T
210 200 190 180 170 160 150 140 130

w

f1 (ppm)
B
Q
Ph,P.
ve
X
=
F
Ph
4
!
i
5553
P
T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 T B 5
£1 (ppm)

48



20,59

Q
PhyP
e
N
=

Ph
4

T T T T T T T T T T T

T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170 -190 -210 -230

Q
Ph,P
e
N
=

Ph
4

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 g0 70 80 50 40 30 20 10 0 -10
1 (ppm)

49



maol 1202203 14-43-F

—dIL®

F

30000

(=2R000

f=22000

20000

(18000

14000

12000

10000

4000

(2000

T T
-115

T T T T T T T T T T T
45 -a7 -9 -101 -103 -105 107 -109 -111 -113
f1 (ppm)

T
-17

T
-127

Ph
4k
1
1
F S
EELEH]
=
T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 a H 7 5 4 0 -1 -2 -3

50



-110 -130 -150 -170 -190 -210 -230

T
-90

28972
ag.:W.\
A

e

-50
1 (ppm

-10

TET
410 2T W
BB0 2SI
[ == 048 2L
BEL 28T~
1297280

10

SbE ZhT~_

30 20
|

40 g I

26 26T L —
689 gkt~

06€ 95T ——
52251

50 40

T
0 60

[0}
i

90 80
-

T
110

-10

200 180 180 170 180 160 140 130 120 1o o 80 B0 10 60 50 40 30 20
f1 (ppm)
51

210




RRCE B R C PP B33 AR ESeRRERNRERER8sEE2E &
T, T
Il |
Ph,P. )
ve
X
=
4]
A N
& i T
2ERNIRE &
et L1 el L
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 B 5 4 3 2 1 ] =1 -2 =3
£1 (ppm)
Q
Ph,P.
ve
N
=
4
I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 B0 40 30 20 10 O -10 =30 -50 =70 =90 -110 =130 -150 =170 -190 =210 =230
1 (ppm)

52



09" 1z—

32

G4 0s1
g

4

-10

100 90
1 (ppm)

110

120

160 150 140

0

180

200

210

Br

4m

F ooe

10

1

12

1 (ppm)

53



—20.74

o

PhyP.

N O
N

=

Br

T T T T T

T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170 -190 -210 -230

21. 80

9
PhyP.
N O
N

=

4m

T T T T

T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 4} -10

54



Foaos

I~ Ik
wmn.i

F oot

10

12

£1 (ppm)

G R

-110 -130 -150 -170 -190 -210 =230

-90

o -10

110 9 80 70 60 50 40 30 20 10

130

1 (ppm)

55



RYPEINpp

Q
PhyP
N O
AN

=

21.83

T T T
130 120 110 100

T T

T T T T
210 200 190 180 170 160 150

Q
PhyP. y
i
N O |
N ;
|

3,80
2.43

3.00

=
OCHg
40
[]
T
2
T T T T T T T T T T ‘rt T
16 15 14 13 12 1 10 9 8 7 B 4 3
£1 (ppm)

56



—20.73

Q
PhyP.
N O
N

OCHj3
40
1
s
LML B B B S ) L B B B B B B B B B B B B S e B
130 110 9 80 70 60 S0 40 30 20 10 0 -10 -30 -50 -70 -20 -110  -13%  -150  -170  -190 210 -230
1 (ppm)
N
Q
Ph,P.
e
N
%
OCH3
40
I
" ™ e L |
.
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 g0 70 80 50 40 30 20 10 0 -10

1 (ppm)

57



—2.44

4p
]
1
|
i
-, T
A L
e e
T T T T T T T T NIM T - T T T T
16 15 14 13 12 11 10 9 1 3 0 -1 -2 -3
4p
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 S0 40 30 20 10 0 -10 -30 -50 -0 -20 -110  -13%  -150  -170  -190 210 -230
1 (ppm)

58



81—

80792
00" AL
EE "L

OCH;

4p

T

-10

0

110 100 90 80

120

200 190 180 70 160 150 140

210

nr—

O
L
Gl )

£1 (ppm)

o g—

e Foaoe
S —— i

el
61Kl

A
- o0t
= N 687
o't
E oot

- E o

o

Lo

1 (ppm)

59



30,87

T T T T T

T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170 -190 -210 -230

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 &0 70 0 50 40 30 20 10 0 -10
1 (ppm)

60



-

= 00°E

=1

16

1 (ppm)

£6 62—

-110 -130 -150 -170 -190 -210 =230

-90

o -10

110 9 80 70 60 50 40 30 20 10

130

1 (ppm)

61



U5 e N

2.43

B(OH),

4s

<i

.00

62



-210 -230

-190

08 12— -

-110 -130 -150 -170

T
-90
'S

-50
1 (ppm

0

T
-10

bl PET=IE

T

10
It
|

g — JE—

T

3020

287 9bT
£1°9bT

08 6E— r

951
g

50 40

T
0 60

T

%0 80
(0]
1

Ph,P.
N
A
=
B(OH),
4s
T
Ph,P.
N
A
=
B(OH),
4s

T T
110

-10

200 180 180 170 180 160 140 130 120 1o o 80 B0 10 60 50 40 30 20
f1 (ppm)

210




EEE RS R8s BRESrPEIRRRRRAErRRBAGEESESEEE 5 B B
e T O e I

Q
Ph,P T J
N ."‘lu‘ll.“h‘ J
A

4t

A Il

gl
BIRSEREE 22
L LA -] 6o
T T T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 B 5 4 3 2 1 0 =1 -2 -3
£1 (ppm)
Q
PhaP.
ve
X
=
4t
I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 B0 40 30 20 10 O -10 =30 -50 =70 =90 -110 =130 -150 =170 -190 =210 =230

1 (ppm)

64



T et

—21.T

=20, 12

9

T T

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

Q
Ph,P
N O
N

65



20,88

Q
PhaP l
N
N

o

4u

T T T T T

T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170

4u

T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 180 140 13 120 110 100 9 80 70 60 B0 40 30 20
f1 (ppm)

66

-10



4v

11

14

15

16

£1 (ppm)

8L B

4v

-110 -130 -150 -170 -190 -210 =230

-90

o -10

110 9 80 70 60 50 40 30 20 10

130

1 (ppm)

67



156,98
15692

81

146 79
146,31

£

4v
!
—— "
r T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 g0 70 80 50 40 30 20 10 0 -10
1 (ppm)
T
1]
Ph,P
N O 4 i g
N / olhiel
=
Ph
4w
I
1
L
|
!
5 L
s el P A
2 g g =
T T T T T T = T T T T = N| T T T T T
16 15 14 13 12 11 10 g i/ 6 5 3 2 1 0 -1 -2 -3
1 (ppm)

68



28,91

Q
Ph,P
e
N
=

Ph

4w

T T T T T

T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0O -10 -30 -50 -0 -90 -110 -130 -150 -170 -190 -210 -230

318

76,682

Vs
b5

4w

T T T T T T T T
50 40 30 20 10 4} -10

T T T T T
170 160 180 140 130 120 110 100 90 &0 70 0
1 (ppm)

T T
210 200 190 180

69



4x

o

A

Nogony
EE
ol

ZE8

L
Le
A
[
g
Lo
e
e
=
Lis
Lok
u
Loea
Lo
Fe
=]
X
Lo
F=
L=
Fe

B 08—

PhgP.
N

=

Ph

4x

-110 -130 -150 -170 -190 -210 =230

-90

o -10

110 9 80 70 60 50 40 30 20 10

130

1 (ppm

70



N 3
I
Ph,P.
e
X
=
Ph
4x
|
i
| . )
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 -10
f1 (ppm)
e
i
[
|
i [ |
Ph,P. |
|
N
N
U
Ph
4y
i
|
N, D d
SR BT AR
82EZEE 2 2
T T T T T = T T T S T T T T
15 14 13 12 11 10 9 8 T B 5 4 3 2 1 =1 -2 -3
£1 (ppm)

71



98 6

-110 -130 -150 -170 -190 -210 -230

-90

o -10

10

3020

50 40

1 (ppm

21—

-10

100 9
1 (ppm)

110

120

160 150 140

0

72

0 60

Ph,P.
N
A
=
Ph
4y
T
90 B0

T T
110

T
130

200 190 180

210




SEEEEEEESEERRSE

—2.45

Il
PhyP |
e
N
=
Ph
4z
1
|
]
A | i m
Py Y
EEE==27 8
T T T T T T DCIDL'I‘*ﬁﬁ T T T T T = T T T T T T
i 15 14 13 12 1 10 ] ] 7 & 5 4 3 2 1 0 -1 -2 -3
£1 (ppm)
11
Ph,P
N
N
=
Ph
4z
]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 50 40 30 20 10 0 -10 -30 -50  -70 -0 -110 -1 -180 170 -180 -210  -230
1 (ppm)

73



LB BT
147,24

.32

21.75

S
1l
Ph,P
we
X
=
Ph
4z
]
I
1
1
| 1
1
1
|
I l” ‘ | | »
T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 60 50 40 30 20 10 0 -10
E
]
[
]
|
I}
l
I | |
|‘ | |
o I J J
Ph,P. 0o
LY
N
=
Ph
4aa
]
|
il
i}
T T
] H
T T T T T T T T T T . T T T T T T
18 16 14 13 12 11 10 9 8 7 8 3 2 1 0 -1 -2 -3
£1 (ppm)

74



20,45

Q
Ph,P. o
AN O o
%
Ph
4aa
T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 9 80 70 60 S0 40 30 20 10 0 -10 -30 -50 -70 -20 -110  -13%  -150  -170  -190 210 -230
1 (ppm)
Jj
Q
Ph,P. o
AN O o
Z
Ph
4aa
" - |'l l l .
. y
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 15 140 130 120 110 100 90 &0 70 80 50 40 30 20 10 -10
1 (ppm)

75



PhyP

Z
Ph
4ab

2.43

w

PhyP
N
=
Ph
4ab

28.92

T

T

=50

T

=10

T

=50

=110

T

=130

T
-160

T
=170

T

T
-180

T

T
=210

T
=230

- T T T T
130 110

BRI F PR
80 80 0 60 E0 40

3020

10

1}

=10

=30

f1 (ppm)

76



21.79

Q
PhyP F
N O
A

4ab

o L _

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 a0 40 30 20 10 0 -10
£1 (ppm)

ol 1202503 14-4ab—F

—-106.5

FE0000
45000

e
PhyP.
@ 40000
N F

= 5000

Fh

b
2 30000

25000
20000
15000
10000

FE000

5000

T T

T T T T T T T
—93 -94 95 66 -97 -G8 99 -100

T T T T T T T T T T T T T T T
-104 ~106 -108 -110 -112 -114 -116 -118
£1 (ppm)

T
-102

77



n_,;o;ﬁ;w,,;wmk_,,g:&
[
|
|

700
764

Q

Cy,P-.
e

Z

Ph

4ac

3.00 T

w

5017

Q

Cy,P.
e

=

Ph

4ac

T

T

T
=230

T T T T T T
3 20 10 0 -10 =30

T T
-850
1 (opm)

T

=10

T

=50

=110

T

=130

T
-160

T
=170

T
-180

T
=210

T T T T T T T T T T T
130 1o 80 80 0 &0 50 40

78



| Hllh

T

T T T
210 200 190 180

T
170

T T T T
160 150 140 130

T
100 80 0 60 50 40 30 20 10
f1 (ppm)
T
Ph,P.
e
N
e i
= |
Ph
5w
|
]
=
2=
T T T T T T T T T = Nr T
14 13 12 11 10 9 3 5 4 3 2 0

79



Ph,P

=
Ph

5w

—-12.15

40

w
=11
w
=1

5w

o W "

T
230 220 210 200 190

T T T T T T T T
180 170 180 150 140 130 120 110 100 90 8 70 60 S0 40 30 20
1 (ppm)

80



I g=—

\\Iﬂ‘ oone

W o

1 (ppm)

26 11—

-20

1 (ppm)

81



— 15745

21.84

T T T T T T T T T T
23 220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30
1 (ppm)

82



