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1. General information

'H NMR (400 MHz) and **CNMR (100 MHz) spectra were recorded on a Bruker advance III
400 spectrometer in CDCl; with TMS as internal standard. **P NMR (162 MHz) spectra and *°F
NMR(376 MHz) were recorded on the same instrument. Mass spectra were mearsured using
Thermo Scientific DSQ Il. The starting materials were purchased from Aldrich, Acros Organics,
J&K Chemicals or TCI and used without further purification. Solvents were dried and purified
according to the procedure from ‘Purification of Laboratory Chemicals book”. Column
chromatography was carried out on silica gel (particle size 200-400 mesh ASTM).

2. Synthesis of substrates

2.1 Synthesis of alkenes
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The Preparation of Alkenes (Method A)
Method A: To a suspension of Me/EtPPh;Br (26.70/27.75 g, 75.0 mmol, 1.5 equiv.) in THF
(120.00 mL), "BuOK (8.98 g, 80.0 mmol, 1.6 equiv.) was added portionwise. The reaction was
allowed to stir at room temperature for 30 min. It was then cooled to 0 <C and a solution of
corresponding aldehyde (50.0 mmol, 1.0 equiv.) in THF (50.00 mL) was added dropwise. The
mixture was stirred at 0 <T for 30 min and then warmed to room temperature for 1.5 h. The
reaction was quenched with water. The aqueous phase was extracted with Et,O three times. The
organic fractions were washed with brine, dried over Na,SO, and concentrated under reduced
pressure. The crude product was purified by column chromatography to afford corresponding
alkenes.
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The Preparation of Alkenes (Method B)
Method B: To a suspension of BnPPh3Br (25.92 g, 60.0 mmol, 1.5 equiv.) in THF (120.00 mL),
“BuOK (7.30 g, 80.0 mmol, 1.3 equiv.) was added portionwise. The reaction was allowed to stir at
room temperature for 30 min. It was then cooled to 0 <C and a solution of corresponding aldehyde
(50.0 mmol, 1.0 equiv.) in THF (50.00 mL) was added dropwise. The mixture was stirred at 0 C
for 30 min and then warmed to room temperature for 1.5 h. The reaction was quenched with water.
The aqueous phase was extracted with Et,O three times. The organic fractions were washed with
brine, dried over Na,SO, and concentrated under reduced pressure. The crude product was
purified by column chromatography to afford corresponding alkenes.
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The Preparation of Alkenes (Method C)
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Method C: To a suspension of Me/EtPPh;Br (32.40 g, 75.0 mmol, 1.5 equiv.) in THF (120.00
mL), “BuOK (8.98 g, 80.0 mmol, 1.5 equiv.) was added portionwise. The reaction was allowed to
stir at room temperature for 30 min. It was then cooled to 0 <C and a solution of corresponding
ketone (50.0 mmol, 1.0 equiv.) in THF (50.00 mL) was added dropwise. The mixture was warmed
to 70 °C for 1 h. The reaction was quenched with water. The aqueous phase was extracted with
Et,O three times. The organic fractions were washed with brine, dried over Na,SO, and
concentrated under reduced pressure. The crude product was purified by column chromatography
to afford corresponding alkenes.

2.2. Synthesis of phosphoryl oxime ethers
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2a-21 were synthesized according to the preference!™.

Synthesis of S1

To a 100 mL round bottom flask equipped with a magnetic stir bar was charged with benzoyl
chloride (1.05 equiv) was added the triethyl phosphate (1.0 equiv) at 0 °C, then the mixture was
stirred for 2 h to give the S1, which could be used for the next step without further purification.

Synthesis of S2

The above afforded S1 was solved with EtOH (40 mL), and to the mixture was added
hydroxylamine hydrochloride (1.1 euqiv) and pyridine (1.2 equiv). Then the mixture was stirred
overnight at rt. Quenched the reaction with 1N HCI (ag), and extracted with EA, washed by water
and brine. The organic phase was collected and the solvent was removed under vacuum to give the
crude product S2, which could be used for the next step without further purification.

Synthesis of 2a-2|

The aboved afforded S2 was solved with DCM (40 mL), and to the mixture was added
triethylamine (1.2 equiv) and benzoyl chloride (1.05 equiv) at 0 °C. Then the mixture was allowed
to rt and stirred overnight to give the final product after purification by chromatography (the
product was storability and stability toward moisture and oxygen.)

3. General Procedures.

3.1. General procedure for Phosphoryl radical onto alkenes

.OBz
R! ~__R? NI 0.5 mol % fac-Ir(ppy)s AC\N’Bz
X R! 2
| . P(0)(OR?), CHON . B R
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1 2 3

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was charged
with alkenes (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5 mol %), phosphorus reagents
(0.4 mmol, 1.0 equiv.). The flask was evacuated and backfilled with Ar for 3 times. CH3;CN (2.00
mL, 0.2 M) were added with syringe under Ar. The mixture was then irradiated by a 5 W blue
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LED lamp (away from tube 5-10 cm) at room temperature for 8 h (monitored by TLC). After
substrate was consumed and the solvent was removed under vacuum, the residue was purified by
column chromatography (petroleum: isopropanol = 20:1), to give the product.

3.2. Procedure for Phosphoryl radical onto alkenes of 2a

N,OBz )(J)\
.Bz
NN | -0 fac-Ir(ppy)s (0.5%) N
+ >
(OEt), CH3CN, rt, Ph)\_/
5 W Blue LEDs E
P(O)(OEt),
2a, 1 mmol 0.74 mmol

74% yield, dr> 20:1

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was charged
with alkenes (1.5 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.005 mmol, 0.5 mol %), phosphorus reagents
(1.0 mmol, 1.0 equiv.). The flask was evacuated and backfilled with Ar for 3 times. CH;CN (5.00
mL, 0.2 M) were added with syringe under Ar. The mixture was then irradiated by a 5 W blue
LED lamp (away from tube 5-10 cm) at room temperature for 8 h (monitored by TLC). After
substrate was consumed and the solvent was removed under vacuum, the residue was purified by
column chromatography (petroleum: isopropanol = 20:1), to give the product 3a in 78% yield
(dr > 20:1).

diethyl (1-(N-acetylbenzamido)-1-phenylpropan-2-yl)phosphonate (3a): yellow liquid, *H NMR
(400 MHz, CDClg) & 7.54 (d, J = 7.0 Hz, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.42-7.34 (m, 4H),
7.29-7.21 (m, 3H), 5.95 (t, J = 7.3 Hz, 1H), 3.96-3.74 (m, 3H), 3.74-3.62 (m, 1H), 3.62-3.46 (m,
1H), 1.79 (s, 3H), 1.41 (dd, J = 17.2, 7.2 Hz, 3H), 1.09 (t, J = 7.1 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H);
BC NMR (101 MHz, CDCly) & 174.52, 172.89, 138.17, 136.57, 132.94, 129.28, 128.84, 128.59,
128.00, 127.95, 125.67, 61.43 (t, J = 7.7 Hz), 33.89 (d, J = 138.5 Hz), 27.35, 16.15, 16.09, 15.97,
15.90 (dd, J = 18.1, 12.1 Hz), 12.74 (d, J = 5.5 Hz); *'P NMR (162 MHz, CDCl5) § 33.35, 30.51.
HRMS calcd for Cy,H,gNNaOsP™: [I\/I—i—Na]+ 440.1597, found 440.1597.

4. Mechanism studies.

4.1. Radical trapping experiment

OBz . B T

N| 0.5 mol % fac-Ir(ppy)s C N j;)
©/\ . ©)\P(O)(0Me)2 TEMPO (2.5 equlv.)y

SroCt & Whlue LS P(O)(OMe); P(O)(OMe),

not detected 4 calcd for: 370.2142
found: 370.2137

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with alkenes (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5 mol %) TEMPO (1
mmol, 2.5 equiv.) and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask was evacuated and
backfilled with Ar for 3 times. CH3CN (2.00 mL, 0.2 M) were added with syringe under Ar. The
mixture was then irradiated by a 5 W blue LED lamp (away from tube 5-10 cm) at room
temperature for 8 h (monitored by TLC). After substrate was consumed, the reaction was
completely inhibited by TEMPO and no 3a was formed. The compound 4 and [4-TEMPOH] were
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detected by HRMS.

SFe

4-TEMPOH

P(O)(OMe), , ©/\/ P(O)(OMe),

dimethyl (2-phenyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)ethyl)phosphonate (4): HRMS 4
calcd for CjgH3sNOP™: [M—FH]+ 370.2142, found 370.2137; [4-TEMPOH] calcd for
CioH1sNaOzP*: [M+Na] " 370.2142, found 370.2137

X P(0)(OMe), "
100 235045 —3 ©/\/ M
30 N\ ZT_130404 0072
w0 HRMS [4-TEMPOH+Na*] o] RT-008 AV-1F
FRE +pE3RA
2 70 calcd for: 235.0495 P(0)(OMe), [0000100000]
2 e found: 235.0491
3. HRMS [4+H"]
. calcd for: 370.2142
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A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with ethene-1,1-diyldibenzene (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5
mol %) and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask was evacuated and backfilled
with Ar for 3 times. CH;CN (2.00 mL, 0.2 M) were added with syringe under Ar. The mixture
was then irradiated by a 5 W blue LED lamp (away from tube 5-10 cm) at room temperature for 8
h (monitored by TLC). After substrate was consumed and the solvent was removed under vacuum,
the residue was purified by column chromatography (petroleum: isopropanol = 20:1), to give the

product.



Ph P
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2-(diethoxyphosphoryl)-1,1-diphenylethyl benzoate (6)/diethyl
(2,2-diphenylvinyl)phosphonate(7): 131 mg, white solid, total yield: 84%, 1.74:1.'"H NMR (400
MHz, CDCl3) 6 8.19 (d, J = 7.1 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.49-7.36 (m, 6H), 7.38 (s, 3H),
7.36-7.26 (m, 8H), 7.21 (t, J = 7.3 Hz, 2H), 6.20 (d, J = 15.6 Hz, 0.6H), 3.99-3.74 (m, 4H), 3.65 (d,
J =20.2 Hz, 2H), 3.63-3.52 (m, 1H), 1.12 (t, J = 7.1 Hz, 4H), 0.91 (t, J = 7.1 Hz, 6H); **C NMR
(101 MHz, CDCl3) 8 164.55, 159.96, 159.90, 144.77, 144.69, 141.36, 141.14, 138.72, 138.64,
132.74, 131.21, 129.63, 129.55, 129.53, 129.49, 129.22, 128.49, 128.23, 128.14, 128.12, 128.02,
127.96, 127.65, 127.01, 125.17, 115.41, 113.49, 82.32 (d, J = 6.2 Hz), 61.31(dd, J = 12.2 Hz, 6.0
Hz), 34.13 (d, J = 142.5 Hz), 15.97 (d, J = 6.8 Hz), 15.75 (d, J = 6.6 Hz); *'P NMR (162 MHz,
CDCl3) 6 25.07, 16.70.
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4.2. Iminyl radical trapping experiment

N/OBZ 0.5 mol % fac-Ir(ppy)s ©

X | BHT (1.5 equiv.)
+ P(O)(OMe), N
CH3CN, 5 W blue LED's |
@P(@(OM%

554%

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with ethene-1,1-diyldibenzene (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5
mol %), BHT (0.6 mmol, 1.5 equiv.) and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask
was evacuated and backfilled with Ar for 3 times. CH3CN (2.00 mL, 0.2 M) were added with
syringe under Ar. The mixture was then irradiated by a 5 W blue LED lamp (away from tube 5-10
cm) at room temperature for 8 h (monitored by TLC). After substrate was consumed and the
solvent was removed under vacuum, the residue was purified by column chromatography
(petroleum: isopropanol = 20:1), to give the product.

)
©)\P(O)(OM9)2

dimethyl (((2,6-di-tert-butyl-4-methylphenoxy)imino)(phenyl)methyl)phosphonate (5): 93 mg,
yellow liquid, yield: 54%. ‘*H NMR (400 MHz, CDCl3) & 7.31 (t, J = 7.4 Hz, 1H), 7.21 (t, J = 7.6
Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 6.47 (s, 2H), 3.80 (d, J = 10.7 Hz, 6H), 1.60 (s, 3H), 1.03 (s,
18H); *C NMR (101 MHz, CDCl;) 5 185.56, 171.20 (d, J = 217.5 Hz), 143.79, 142.82 (d, J = 2.2
Hz), 135.10 (d, J = 30.5 Hz), 129.97, 128.06 (d, J = 1.8 Hz), 126.82 (d, J = 3.9 Hz), 62.84 (d, J =
31.6 Hz), 54.23 (d, J = 217.5 Hz), 34.33, 32.49, 28.98; *’P NMR (162 MHz, CDCls) & 7.44.
HRMS calcd for Cy4H3,NNaO,P™: [M—i—Na]+ 454.2118, found 454.2114.
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4.3. Clock experiment

N/OBZ 0.5 mol % fac-Ir(ppy); ~ (EtO):(0)P (EtO),(O)P
l DMF .
+
PO)OEY: 5 biue LED's O‘ OB
9

v
57%

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with (1-cyclopropylvinyl)benzene (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5
mol %) and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask was evacuated and backfilled
with Ar for 3 times. DMF (2.00 mL, 0.2 M) were added with syringe under Ar. The mixture was
then irradiated by a 5 W blue LED lamp (away from tube 5-10 cm) at room temperature for 8 h
(monitored by TLC). After substrate was consumed and the solvent was removed under vacuum,
the residue was purified by column chromatography (petroleum: isopropanol = 20:1), to give the
product.

~WwW
S

(EtO),(O)P.

Diethyl ((3,4-dihydronaphthalen-1-yl)methyl)phosphonate (8): 50.4 mg, yellow liquid, yield: 45%.
'H NMR (400 MHz, CDCl;) 6 7.42 (d, J = 7.3 Hz, 2H), 7.32 (t, J = 7.4 Hz, 2H), 5.92 (9, J = 6.9
Hz, 1H), 4.05-3.83 (m, 4H), 3.67 (t, J = 6.8 Hz, 3H), 3.12 (d, J = 22.5 Hz, 2H), 2.78 (qd, J = 6.9,
4.7 Hz, 2H), 1.15 (t, J = 7.1 Hz, 6H); **P NMR (121 MHz, CDCl;) § 27.03. HRMS calcd for
CasH3:NNaO,P*: [M+H]" 281.1307, found 281.1303.
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(EtO),(O)P.
OBz

1-cyclopropyl-2-(diethoxyphosphoryl)-1-phenylethyl benzoate (9): 24 mg, yellow liquid, yield:
15%. 'H NMR (400 MHz, CDCl3) & 8.11 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.46 (t, J =
7.5 Hz, 2H), 7.38-7.21 (m, 5H), 4.07-3.76 (m, 4H), 3.39 (dd, J = 18.7, 15.4 Hz, 1H), 3.13 (dd, J =
21.4, 15.3 Hz, 1H), 2.18-1.99 (m, 1H), 1.16 (t, J = 7.0 Hz, 3H), 0.98 (t, J = 7.1 Hz, 3H), 0.60 (dd,
J = 12.2, 5.3 Hz, 1H), 0.48 (dt, J = 9.8, 5.1 Hz, 2H), 0.23-0.13 (m, 1H); *P NMR (162 MHz,
CDCl3) & 25.94. HRMS calcd for C,sHs:NNaO,P*: [M+Na] "~ 454.2118, found 454.2114.
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25.927

(EtO)(O)P
@Jow

9
160 ;0 (3 ~;o —1‘00 —1'50 —:'00 ppm
4.4. Deuterium-labled experiment
X
OBz
- - .B
. NI 0.5 mol % fac-Ir(ppy)s D,C” N 4
CDsCN

+ P(O)(OEt), >

5 W blue LED's B
P(O)(OEt),
D-3a 54%

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with prop-1-en-1-ylbenzene (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5 mol %)
and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask was evacuated and backfilled with Ar
for 3 times. CD3CN (2.00 mL, 0.2 M) were added with syringe under Ar. The mixture was then
irradiated by a 5 W blue LED lamp (away from tube 5-10 cm) at room temperature for 8 h
(monitored by TLC). After substrate was consumed and the solvent was removed under vacuum,
the residue was purified by column chromatography (petroleum: isopropanol = 20:1), to give the
product.

Bz . J\

N~ >CD;

©/'\|§3)(OE’[)2

diethyl (1-(N-(acetyl-d3)benzamido)-1-phenylpropan-2-yl)phosphonate (D-3a): 90.7 mg, yellow
liquid, yield: 54%, dr = 24:1.*H NMR (400 MHz, CDCl3) & 7.75-7.21 (m, 10H), 5.97-5.91 (t, J =
24 Hz, 1H), 3.92-3.50 (m, 5H), 1.41-1.37 (dd, J = 8 Hz, 3H), 1.11-1.03 (td, J = 16.0 Hz, 6H); *C
NMR (101 MHz, CDCls) & 174.55, 172.96, 138.30, 136.67, 132.93, 129.36, 128.86, 128.65,
127.97, 61.54 (t, Jc.p = 7.1 Hz), 34.69, 33.31, 16.17 (dd, Jc.p = 16.2 Hz), 12.81 (d, Jc.p = 5.1 Hz);
%P NMR (162 MHz, CDCls) & 30.46. HRMS calcd for CpHosDsNOsP: [M-+H]™ 421.1893,
found 421.2439.
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4.6. Luminescence quenching experiments
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Figure S1

Fluorescence spectra were collected on Cary Eclipse Fluorescence Spectrophotometer. All
fac-Ir(ppy)s solutions were excited at 382 nm and the emission intensity at 522 nm was observed.
In a typical experiment, the emission spectrum of a 110 M solution of fac-Ir(ppy)s in CHsCN
was collected. A significant decrease of fac-Ir(ppy)s luminescence was successfully observed in
the presence of 2a (Figure S1). This result suggested that it was the substrate 2a that quenched the
excited photocatalyst * fac-Ir(ppy)s.

14



4.6 Cyclic voltammetry for compound 2a
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| Ez=-1.69 and -2.48 versus SCE
Cyclic voltammerty(CV) was taken using a CHI660D potentiostation.CV measurement of 2a was
carried out in 0.1 M of BusNPFs/MeCN at a scan rate of 100 mV/s. The working electrode is a
glassy carbon, the counter electrode is a Pt wire, and the reference is SCE. Hence, E»,= -1.69 and
-2.48 versus SCE. Ey,(fac-Ir(ppy)s /fac-Ir(ppy)s )= - 1.73 versus SCE. These results suggested
the excited photocatalyst Ir(ppy);* reduces the o-benzoyl oxime substrate 2a.

4.7 Irradiation setup picture
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5. Removing the protecting groups
5.1 removing the Bz group?

X i
,BZ B H
HsC™ N . H3CJ\N
CH3 BHEt3-.L| , THF - CH3
0-rt°C
P(O)(OEt), P(O)(OEt),
3a 5a, 86%

A 5.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was charged
with diethyl (1-(N-acetylbenzamido)-1-phenylpropan-2-yl)phosphonate 3a (0.3 mmol, 1.0 equiv.),
1.5ml LiEt;BH (1M in THF) were dropwise added with syringe under Ar at 0 °C.Then stir at room
temperature for 3h (monitored by TLC). After substrate was consumed and the solvent was
removed under vacuum, the residue was purified by column chromatography (ethyl acetate:
MeOH = 20:1) to give the product 5a (colorless oil, 86 % yield).

Diethyl (1-acetamido-1-phenylpropan-2-yl)phosphonate (5a)

'H NMR (400 MHz, CDCl3) & 7.47 (d, J = 8.3 Hz, 1H), 7.30 (d, J = 4.3 Hz, 4H), 7.29 — 7.18 (m,
1H), 5.29 (ddd, J = 25.0, 8.4, 4.4 Hz, 1H), 4.13 — 4.02 (m, 2H), 3.98 — 3.89 (m, 1H), 3.89 — 3.80
(m, 1H), 2.39 — 2.27 (m, 1H), 2.03 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H), 1.15 — 1.04 (m, 6H). *C NMR
(101 MHz, CDCl3) 8 169.43 (s), 139.12 (d, J = 8.4 Hz), 128.12 (s), 127.36 (s), 127.14 (s), 61.84
(dd, J=38.7, 7.0 Hz), 53.29 (d, J = 3.6 Hz), 36.79 (d, J = 138.9 Hz), 23.43 (s), 16.27 (dd, J = 36.6,
6.0 Hz), 10.98 (d, J = 4.5 Hz). *C NMR (101 MHz, CDCl3) & 169.43 (s), 139.12 (d, J = 8.4 Hz),
128.12 (s), 127.36 (s), 127.14 (s), 61.84 (dd, J = 38.7, 7.0 Hz), 53.29 (d, J = 3.6 Hz), 36.79 (d, J =
138.9 Hz), 23.43 (s), 16.27 (dd, J = 36.6, 6.0 Hz), 10.98 (d, J = 4.5 Hz). IRMS calcd for
Ci1sH2sNNaO,P*: [M+Na]": 336.1341,found 336.2203.

HsC” N

CH;
P(O)(OEt),

L “\ i j | { W JLA LA A

0.98-J

00T
3.091
6.09-]

T T T T T T T T T
4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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5.2 hydrolysis of phosphonate

The procedure is same as our former report for published in Chem. Eur. J. 2018, 24,
14363.

X i
H
- _H
HsC™ N 10 N HC! HsC)kN
Q)Y% " o
PIOXOEY P(O)(OH),
5a 6a

6. Applications

6.1. Intramolecular cyclization reaction

N’OBZ 0.5 mol % fac-Ir(ppy)3

X CN | dioxane
+ P(O)(OEt),
5 W blue LED's

3ae 57%

A 10.00 mL round bottom flask equipped with a rubber septum and magnetic stir bar was
charged with 4-phenylbut-3-enenitrile (0.6 mmol, 1.5 equiv.), fac-Ir(ppy)s (0.002 mmol, 0.5
mol %) and phosphorus reagents (0.4 mmol, 1.0 equiv.). The flask was evacuated and backfilled
with Ar for 3 times. dioxane (2.00 mL, 0.2 M) were added with syringe under Ar. The mixture
was then irradiated by a 5 W blue LED lamp (away from tube 5-10 cm) at room temperature for 8
h (monitored by TLC). After substrate was consumed and the solvent was removed under vacuum,
the residue was purified by column chromatography (petroleum: isopropanol = 20:1), to give the
product.

diethyl (1-benzoyl-9-oxo-2-phenylazonan-3-yl)phosphonate (3ae): eluent (petroleum: isopropanol
= 20:1), 98 mg, yellow liquid, yield: 57%, dr = 5:1."H NMR (400 MHz, CDCls) & 8.12-8.14 (m,
2H), 7.53-7.62 (m, 1H), 7.48 (d, J = 7.4 Hz, 2H), 7.38-7.32 (m, 4H), 7.30-7.26 (m, 1H), 6.50 (dd,
J=8.9, 4.0 Hz, 1H), 4.11-3.95 (m, 1H), 2.34 (ddt, J = 21.6, 7.6, 4.2 Hz, 1H), 2.22 (t, J = 7.1 Hz,
2H), 2.01-1.88 (m, 1H), 1.82-1.67 (m, 1H), 1.58-1.49 (m, 3H), 1.38-1.28 (m, 3H), 1.24 (t, J = 7.0
Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H); BC NMR (101 MHz, CDCl3) 6 164.97, 139.01 (d, J = 11.7 Hz),
133.12, 130.02, 129.93, 129.74, 129.69, 128.39, 128.38, 127.81, 127.24, 125.81, 119.57, 73.69 (d,
J=2.2Hz),61.94 (d, J =25.8, 7.0 Hz), 43.84, 42.46, 28.27, 27.27 (d, J = 4.4 Hz), 24.78, 23.68 (d,
J = 2.3 Hz), 16.84, 16.30 (d, J = 4.5 Hz), 16.24 (d, J = 4.7 Hz); *'P NMR (162 MHz, CDCl,) &
28.94. HRMS calcd for CpsH30NNaOsP*: [M+Na] " 454.1754, found 454.1750.
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Bz
P(O)(OEt),

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 9 8 70 60 50 40 30 20 10 0 ppm
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2. H. Tanaka, K. Ogasawara, Tetrahedron Letters, 2002, 43, 4417.

8. Characterization data

AcO.
N

I o
P
: (OEt),

diethyl((acetoxyimino)(phenyl)methyl)phosphonate (2c): *H NMR (600 MHz, CDCl5) § 7.59-7.55
(m, 2H), 7.45-7.39 (m, 3H), 4.28-4.13 (m, 4H), 2.12 (s, 2H), 1.33-1.25 (m, 6H); *C NMR (152
MHz, CDCl3) 8 167.8, 159.9, 158.1, 152.1, 150.6, 130.2, 129.8, 129.7, 129.2, 129.0, 128.9, 128.6,
128.3,128.0, 64.3, 63.2, 19.3, 16.1. Eluent (petroleum: isopropanol = 20:1).

PivO.
iv N

I o
P
: (OEt),

diethyl (phenyl((pivaloyloxy)imino)methyl)phosphonate (2d): *H NMR (600 MHz, CDCls) &
7.70-7.53 (m, 2H), 7.45-7.44 (m, 3H), 4.29-4.09 (m, 4H), 1.37-1.30 (m, 6H), 1.12 (s, 6H); **C
NMR (152 MHz, CDCl3) § 174.3, 160.9, 160.3, 159.6, 159.3, 132.4, 130.5, 130.2, 129.3, 129.1,
128.3,128.1, 64.4, 63.1, 38.5, 26.9, 16.1. Eluent (petroleum: isopropanol = 20:1).
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Vs

z

_0
(OEt),

Q

diethyl (((4-methylbenzoyl)imino)(phenyl)methyl)phosphonate (2e): *H NMR (600 MHz, CDCl3) &
8.19-7.97 (m, 1H), 7.72-7.65 (m, 3H), 7.49-7.48 (m, 2H), 7.47-7.42 (m, 1H), 7.32-7.31 (m, 1H),
7.19-7.18 (m, 1H), 4.34-4.12 (m, 4H), 2.44-2.37 (m, 3H), 1.38-1.23 (m, 6H); *C NMR (152 MHz,
CDCl3) 6 169.4, 163.1, 160.7, 144.7, 144.5, 143.8, 132.3, 130.5, 130.3, 130.2, 130.0, 129.7, 129.4,
129.3,129.2, 129.1, 128.9, 128.4, 128.3, 127.1, 125.2, 125.1, 64.5, 21.7, 16.1. Eluent (petroleum:
isopropanol = 20:1).

o
O N
©)\ -0
P
(OEt),
diethyl (((4-methoxybenzoyl)imino)(phenyl)methyl)phosphonate (2f): *H NMR (600 MHz, CDCls)
8 8.27-8.25 (m, 1H), 7.79-7.72 (m, 3H), 7.50-7.42 (m, 3H), 7.01-6.99 (m, 1H), 6.87-6.85 (m, 1H),
4.33-4.10 (m, 4H), 3.88-3.82 (m, 3H), 1.38-1.26 (m, 6H); *C NMR (152 MHz, CDCls) & 164.0,

163.8, 162.7, 160.4, 159.4, 159.1, 132.3, 132.0, 131.8, 130.5, 130.3, 129.3, 129.1, 128.4, 128.3,
120.0, 113.9, 113.5, 64.4, 63.4, 55.4, 16.1. Eluent (petroleum: isopropanol = 20:1).

Cl
O N
(Y e
P
(OEt),

diethyl (((4-chlorobenzoyl)imino)(phenyl)methyl)phosphonate (2g): *H NMR (600 MHz, CDCls) &
7.75-7.74 (m, 2H), 7.64-7.63 (m, 2H), 7.57-7.50 (m, 3H), 7.37-7.36 (m, 2H), 4.33-4.30 (m, 4H),
1.38-1.36 (m, 6H); *C NMR (152 MHz, CDCl;) 5162.2, 161.4, 160.1, 140.2, 131.4, 131.0, 129.3,
129.2,128.9, 128.6, 128.4, 128.3, 126.5, 64.6, 16.2. Eluent (petroleum: isopropanol = 20:1).

(OEt),

NO,
oi N
Il .o
P/
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diethyl (((4-nitrobenzoyl)imino)(phenyl)methyl)phosphonate (2h): *H NMR (600 MHz, CDCls) &
8.50-8.49 (m, 1H), 8.37-8.36 (m, 1H), 8.25-8.24 (m, 1H), 7.58-7.57 (m, 1H), 7.73-7.72 (m, 1H),
7.64-7.41 (m, 4H), 4.33-4.12 (m, 4H), 1.38-1.27 (m, 6H); *C NMR (152 MHz, CDCl5) 5 162.4,
162.3, 161.3, 161.2, 161.1, 150.9, 150.8, 133.5, 131.4, 130.9, 130.8, 130.7, 129.2, 129.1, 128.7,
128.6, 128.5, 128.2, 123.8, 64.6, 63.7, 63.3, 16.2. Eluent (petroleum: isopropanol = 20:1).

ﬁ -

Dlethyl (((benzoyloxy)imino)(p-tolyl)methyl)phosphonate (2i): *H NMR (600 MHz, CDCls) &

8.31-8.29 (m, 1H), 7.88-7.86 (m, 1H), 7.67-7.60 (m, 2H), 7.54-7.50 (m, 1H), 7.43-7.39 (m, 1H),
7.31-7.24 (m, 2H), 4.34-4.13 (m, 4H), 2.42-2.39 (m, 3H), 1.38-1.26 (m, 6H); *C NMR (152 MHz,
CDCl3) 6168.6, 163.0, 162.9, 160.8, 159.8, 159.4, 140.9, 140.8, 133.6, 133.5, 132.8, 130.1, 129.8,
129.6, 129.1, 129.0, 128.5, 128.1, 128.0, 127.9, 126.1, 64.4, 63.3, 21.4, 16.1. Eluent (petroleum:
isopropanol = 20:1).

d|ethyl(((benzoyloxy)|m|no)(4-methoxyphenyl)methyl)phosphonate (2)): 'H NMR (600 MHz,
CDCl3) & 8.30-7.89 (m, 2H), 7.78-7.73 (m, 2H), 7.63-7.50 (m, 2H), 7.44-7.41 (m, 1H), 7.01-6.94
(m, 2H), 4.34-4.13 (m, 4H), 3.88-3.85 (m, 3H), 1.39-1.27 (m, 6H); *C NMR (152 MHz, CDCl5) &
163.2, 163.1, 161.8, 161.2, 160.3, 160.1, 159.3, 158.7, 133.7, 133.6, 132.9, 131.0, 130.9, 130.8,
130.1, 129.7, 128.6, 128.2, 124.6, 124.4, 121.3, 121.2, 113.8, 64.4, 63.3, 55.3, 16.2. Eluent
(petroleum: isopropanol = 20:1).

/©)\(OEt)2

dlethyl(((benzoyloxy)lmino)(4—chIorophenyl)methyl)phosphonate (2k): 'H NMR (600 MHz,
CDCly) 6 8.29-8.09 (m, 1H), 7.84-7.83 (m, 1H), 7.74-7.73 (m, 1H), 7.65-7.63 (m, 1H), 7.59-7.57
(m, 1H), 7.54-7.41 (m, 4H), 4.35-4.15 (m, 4H), 1.39-1.28 (m, 6H); *C NMR (152 MHz, CDCl5) &
169.8, 162.9, 162.8, 159.8, 158.9, 158.5, 137.2, 136.7, 133.9, 133.8, 133.3, 131.0, 130.8, 130.6,
130.3, 130.2, 130.0, 129.9, 129.1, 128.8, 128.7, 128.5, 128.3, 127.8, 127.6, 127.5, 64.7, 63.6, 16.2.
Eluent (petroleum: isopropanol = 20:1).

dlethyl (((benzoyloxy)imino)(4-(trifluoromethyl)phenyl)methyl)phosphonate (21): *H NMR (600
MHz, CDCls) & 8.30-7.40 (m, 9H), 4.36-4.17 (m, 4H), 1.40-1.29 (m, 6H); *C NMR (152 MHz,
CDCly) 6 17.0, 162.9, 162.7, 159.9, 158.9, 158.5, 134.0, 133.9, 133.4, 132.9, 132.5, 132.3, 132.1,
130.3, 130.1, 129.7, 129.6, 129.2, 128.9, 128.8, 128.4, 127.7, 125.5, 125.3, 125.2, 124.6, 122.8,
64.8, 64.6, 16.2. Eluent (petroleum: isopropanol = 20:1).
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©/'\E’(/O)(0Et)z

diethyl (1-(N-acetylacetamido)-1-phenylpropan-2-yl)phosphonate (2ac): eluent (petroleum:
isopropanol = 20:1), 95.2 mg, yellow liquid, yield: 67%, dr > 50:1. *"H NMR (400 MHz, CDCl,) &
7.53-7.50 (m, 2H), 7.33-7.27 (m, 3H), 5.32-5.26 (q, J = 12.0 Hz, 1H), 3.98-3.91 (m, 2H),
3.78-3.74 (m, 1H), 3.55-3.48 (m, 2H), 2.41 (s, 6H), 1.28-1.23 (dd, J = 20.0 Hz, 3H), 1.16-1.13 (dd,
J = 4.0 Hz, 3H), 1.01-0.98 (t, J = 8.0 Hz, 3H) ; *C NMR (101 MHz, CDCl5) § 174.20, 138.10,
129.34, 127.96 (J = 2.02 Hz), 61.75 (J = 7.07 Hz), 61.50 (J = 7.07 Hz), 33.71, 33.23, 26.95, 16.11
(9, J = 12.1 Hz), 12.43 (d, J = 5.05 Hz); *'P NMR (162 MHz, CDCls) & 31.30. HRMS calcd for
C17H26NOsP: [M—+H] " 356.1549, found 356.1581.

X

P(O)(OEt),
N-acetyl-N-(2-((diethylperoxy)(oxo)-14-phosphanyl)-1-phenylpropyl)pivalamide  (2ad): eluent
(petroleum: isopropanol = 20:1), 102.0 mg, yellow liquid, yield: 64%, dr = 8.7:1. '"H NMR (400
MHz, CDCl) 8 7.34-7.28 (m, 5H), 5.16-5.11 (t, J = 12.0 Hz, 1H), 3.98-3.84 (m, 2H), 3.79-3.73
(m, 1H), 3.55-3.37 (m, 2H), 2.42 (s, 3H), 1.41-1.35 (t, J = 16.0 Hz, 3H), 1.14-1.17 (dd, J = 4.0 Hz,
3H), 0.98-0.95 (t, J = 8.0 Hz, 3H), 0.82 (s, 3H); *C NMR (101 MHz, CDCl;) § 190.87, 173.04,
137.41, 129.48, 128.46, 128.22, 128.04, 127.20, 62.36, 61.73, 61.46, 43.99, 35.70, 34.34, 27.50,
23.61, 16.13 (t, J = 14Hz), 12.41 (d, J = 6 Hz); *'P NMR (162 MHz, CDCls) & 31.05, 30.62.
HRMS calcd for CoH3,NOsP: [M+H]" 398.2018, found 398.2064.

_Ac
0] N

©)\|§’(/0)(0Et)2

diethyl  (1-(N-acetyl-4-methylbenzamido)-1-phenylpropan-2-yl)phosphonate  (2ae):  eluent
(petroleum: isopropanol = 20:1), 51.7 mg, yellow liquid, yield: 30%, dr = 14:1. *H NMR (400
MHz, CDCl3) 8 7.54-7.52 (d, J = 6.0 Hz, 2H), 7.32-7.20 (m, 5H), 7.15-7.13 (d, J = 6.0 Hz, 2H),
5.95 (m, 1H), 3.90-3.66 (m, 5H), 2.35 (s, 3H), 1.79 (s, 3H), 1.43-1.37 (dd, J = 12.0 Hz, 3H),
1.11-1.03 (td, J = 12.0 Hz, 6H); *C NMR (101 MHz, CDCl3) & 174.51, 172.73, 144.02, 138.27,
133.84, 129.53, 129.53, 129.31, 128.87, 127.92, 127.89, 61.53 (td, J = 17.2 Hz), 34.74 (d, J =
139.4 Hz), 27.20, 21.53, 16.15 (dd, J = 17.2 Hz), 12.76 (d, J = 5.1 Hz); *'P NMR (162 MHz,
CDCl3) 5 30.60. HRMS calcd for CogH3oNOsP: [M+H] " 432.1832, found 432.1834.
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©)\|¥3)(0Et)2

diethyl  (1-(N-acetyl-4-methoxybenzamido)-1-phenylpropan-2-yl)phosphonate  (2af):  eluent
(petroleum: isopropanol = 20:1), 80.5 mg, yellow liquid, yield: 45%, dr = 14:1. *H NMR (400
MHz, CDCl3) & 7.52-7.50 (d, J = 6.0 Hz, 2H), 7.39-7.37 (d, J = 6.0 Hz, 2H), 7.24-7.19 (m, 3H),
6.82-6.80 (d, J = 6.0 Hz, 2H), 5.95 (m, 1H), 3.92-3.48 (m, 8H), 1.81 (s, 3H), 1.44-1.38 (dd, J =
12.0 Hz, 3H), 1.11-1.03 (td, J = 12.0 Hz, 6H); *C NMR (101 MHz, CDCl5) & 173.93, 172.21,
163.49, 138.18, 131.14, 129.19, 128.72, 127.87, 127.83, 114.04, 61.46 (dd, J = 9.1 Hz), 55.36,
34.81 (d, J = 38.4 Hz), 16.08 (dd, J = 16.2Hz), 12.67 (d, J = 6.1 Hz); *'P NMR (162 MHz, CDCls)
8 30.64. HRMS calcd for Cp3HaoNOgP: [M+H]" 448.1811, found 448.1814.

Cl

_Ac
(@) N

©/'\|:3?))(0Et)2

diethyl  (1-(N-acetyl-4-chlorobenzamido)-1-phenylpropan-2-yl)phosphonate  (2ag):  eluent
(petroleum: isopropanol = 20:1), 117.3 mg, yellow liquid, yield: 68%, dr > 20:1. 'H NMR (400
MHz, CDCl3) 6 7.52-7.50 (m, 2H), 7.36-7.22 (m, 7H), 5.93-5.88 (t, J = 12.0 Hz, 1H), 3.91-3.80
(m, 3H), 3.69-3.63 (m, 1H), 3.56-3.47 (m, 1H), 1.85 (s, 1H), 1.43-1.37 (dd, J = 16.0 Hz, 3H),
1.10-1.04 (m, 6H); **C NMR (101 MHz, CDCls) § 173.51, 172.39, 139.42, 138.02, 134.84, 129.92,
129.15, 128.04 (t, J = 4.1Hz), 61.52, 34.91, 33.07, 27.10, 16.10 (t, J = 13.1 Hz), 12.73 (d, J = 8.1
Hz); P NMR (162 MHz, CDCl5) § 30.28. HRMS calcd for CyH,7;CINOsP: [M+H]" 452.1315,
found 432.1429.

Ac. .B
ch

©/'\|%?))(0Et)2

diethyl (1-(N-acetylbenzamido)-1-phenylpropan-2-yl)phosphonate (3a): eluent (petroleum:
isopropanol = 20:1), 105 mg, yellow liquid, yield: 74%, dr > 20:1. "H NMR (400 MHz, CDCls) &
7.54 (d, J = 7.0 Hz, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.42-7.34 (m, 4H), 7.29-7.21 (m, 3H), 5.95 (t, J
= 7.3 Hz, 1H), 3.96-3.74 (m, 3H), 3.74-3.62 (m, 1H), 3.62-3.46 (m, 1H), 1.79 (s, 3H), 1.41 (dd, J
=17.2,7.2Hz, 3H), 1.09 (t, J = 7.1 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H); BC NMR (101 MHz, CDCly)
0 174.52, 172.89, 138.17, 136.57, 132.94, 129.28, 128.84, 128.59, 128.00, 127.95, 125.67, 61.43
(t, J=7.7 Hz), 33.89 (d, J = 138.5 Hz), 27.35, 16.15, 16.09, 15.97, 15.90 (dd, J = 18.1, 12.1 Hz),
12.74 (d, J = 55 Hz); *P NMR (162 MHz, CDCls) & 33.35, 30.51. HRMS calcd for
CH2sNNaOsP*: [M+Na] " 440.1597, found 440.1597.
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Bz. _Ac
N

©/&P<O)(0Et>2

diethyl (2-(N-acetylbenzamido)-2-phenylethyl)phosphonate (3b): eluent (petroleum: isopropanol =
20:1), 108 mg, yellow liquid, yield: 67%, ‘*H NMR (400 MHz, CDCl5) 5 7.63 (d, J = 7.6 Hz, 2H),
7.50 (d, J = 7.5 Hz, 3H), 7.38 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.24 (d, J = 7.1 Hz, 1H),
6.14 (td, J = 10.4, 4.6 Hz, 1H), 4.15-3.99 (m, 4H), 3.40 (td, J = 16.0, 10.7 Hz, 1H), 2.66-2.46 (m,
1H), 1.84 (s, 3H), 1.27 (dd, J = 12.5, 6.9 Hz, 6H); *C NMR (101 MHz, CDCl5) § 173.51, 173.47,
139.08, 138.93, 136.54, 132.22, 128.38, 128.36, 127.97, 127.38, 61.43 (dd, J = 37.2 Hz, 6.5 Hz),
54.24 (d, J = 3.1 Hz), 28.76, 27.80, 27.35, 15.96 (dd, J = 5.8 Hz, 4.2 Hz); **P NMR (162 MHz,
CDCl;) 5 27.74. HRMS caled for Co3H6NNaOsP™: [M+Na] ™ 426.1441, found 426.1443.

Bz. _Ac
N

Et
P(O)(OEt),

diethyl  (1-(N-acetylbenzamido)-1-phenylbutan-2-yl)phosphonate  (3c): eluent (petroleum:
isopropanol = 20:1), 98 mg, yellow liquid, yield: 62%, dr = 12:1."H NMR (400 MHz, CDCl3) &
7.60 (d, J = 6.8 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.38 (t, J = 16.0 Hz, 2H), 7.38 (dt, J = 16.2 Hz,
2H), 7.31-7.22 (m, 3H), 6.07-5.94 (m, 1H), 3.96-3.72 (m, 3H), 3.66-3.41 (m, 2H), 2.08-1.72 (m,
2H), 1.75 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H), 1.08 (q, J = 7.2 Hz, 6H); **C NMR (101 MHz, CDCl3)
& 174.40, 173.35, 138.48, 136.80, 132.90, 129.47, 128.86, 128.53, 127.92, 127.90, 61.15 (t, J =
7.7 Hz), 59.92, 40.16 (t, J = 136.4 Hz), 27.83, 20.76 (d, J = 4.6 Hz), 16.02 (dd, J = 12.9 Hz, 6.0
Hz), 11.10 (d, J = 2.2 Hz); P NMR (162 MHz, CDCls) § 33.12, 29.82. HRMS calcd for
Ca3H3oNNaOsP*: [M+Na] " 454.1754, found 454.1750.
Bz\N,Ac

P(O)(OEt),

diethyl  (1-(N-acetylbenzamido)-1-phenylbutan-2-yl)phosphonate (3d): eluent (petroleum:
isopropanol = 20:1), 110 mg, yellow liquid, yield: 70%, dr >20:1."H NMR (400 MHz, CDCl3) &
7.49 (d, J = 7.3 Hz, 2H), 7.41 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.1 Hz, 2H), 7.23 (t, J = 7.6 Hz, 2H),
7.17 (t, J = 6.9 Hz, 1H), 6.23 (t, J = 10.9 Hz, 1H), 4.00-3.84 (m, 2H), 3.84-3.75 (m, 1H), 3.69 (ddd,
J=16.8,9.3, 7.5 Hz, 1H), 2.81 (dt, J = 17.1, 11.3 Hz, 1H), 1.80 (s, 3H), 1.09 (t, J = 7.0 Hz, 3H),
1.04 (t, J = 7.0 Hz, 3H), 1.00-0.88 (m, 1H), 0.74-0.63 (m, 3H), 0.54-0.50 (m, 1H); **C NMR (101
MHz, CDCls) & 174.47, 172.79, 137.71, 136.94, 132.66, 129.70, 128.68, 128.42, 127.62, 127.49,
61.32 (t, J = 6.4 Hz), 60.61 (t, J = 8.9 Hz), 43.46 (d, J = 137.3 Hz), 27.48, 16.00 (dd, J = 12.1 Hz,
6.3 Hz), 9.74 (d, J = 5.6 Hz), 4.97 (d, J = 14.6 Hz), 4.07; *'P NMR (162 MHz, CDCl5) & 30.94,
28.19. HRMS calcd for C,4H3oNNaOsP™: [M—FNa]+ 466.1754, found 466.1753.
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diethyl  (1-(N-acetylbenzamido)-1-phenylhexan-2-yl)phosphonate  (3e): eluent (petroleum:
isopropanol = 20:1), 129 mg, yellow liquid, yield: 51%, dr = 12:1. "H NMR (400 MHz, CDCls) &
7.59 (d, J = 7.0 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.2 Hz, 2H),
7.30-7.21 (m, 3H), 5.98 (t, J = 10.9 Hz, 1H), 3.94-3.83 (m, 1H), 3.83-3.72 (m, 2H), 3.63-3.45 (m,
2H), 1.91-1.67 (m, 2H), 1.76 (s, 3H), 1.60 (dt, J = 14.7, 7.4 Hz, 2H), 1.39-1.26 (m, 2H), 1.07 (td, J
= 7.0, 1.5 Hz, 6H), 0.91 (t, J = 7.3 Hz, 3H); *C NMR (101 MHz, CDCly) & 174.36, 173.29,
138.47, 136.69, 132.91, 129.44, 128.80, 128.53, 127.88, 127.85, 61.07 (t, J = 6.8 Hz), 60.22,
38.85 (d, J = 136.6 Hz), 28.60 (d, J = 1.8 Hz), 27.76, 27.47(d, J = 4.4 Hz), 23.17, 16.00 (dd, J =
105 Hz, 6.5 Hz), 13.79; P NMR (162 MHz, CDCls) & 33.20, 29.92. HRMS calcd for
CusH34NNaOsP*: [M+Na] " 482.2067, found 482.2066.

Bz. _Ac
N

P(O)(OEt),
diethyl (1-(N-acetylbenzamido)-4-methyl-1-phenylpentan-2-yl)phosphonate  (3f): eluent
(petroleum: isopropanol = 20:1), 94 mg, yellow liquid, yield: 57%, dr = 12:1. *"H NMR (400 MHz,
CDCls) & 7.54 (d, J = 7.2 Hz, 2H), 7.49 (t, J = 7.2 Hz, 1H), 7.39 (d, J = 7.0 Hz, 2H), 7.37 — 7.31
(m, 2H), 7.25 (t, J = 7.3 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 5.96 (t, J = 11.1 Hz, 1H), 3.94-3.78 (m,
2H), 3.78-3.60 (m, 2H), 3.60-3.44 (m, 1H), 2.19-2.03 (m, 1H), 1.95-1.78 (m, 1H), 1.77 (s, 3H),
1.45-1.27 (m, 1H), 1.13 (t, J = 7.1 Hz, 3H), 1.01 (t, J = 7.0 Hz, 3H), 0.98 (dd, J = 13.9, 6.7 Hz,
6H); 3¢ NMR (101 MHz, CDCls) 6 174.30, 172.91, 138.33, 136.69, 132.86, 129.45, 128.79,
128.54, 127.79, 127.75, 61.26 (dd, J = 11.6 Hz, 7.0 Hz), 60.89 (d, J = 7.0 Hz), 37.59, 36.70 (d, J =
4.2 Hz), 36.23, 27.52, 26.13 (d, J = 2.6 Hz), 23.87, 21.52, 16.02 (dd, J = 21.5, 6.3 Hz); *'P NMR
(162 MHz, CDCls) & 33.55, 30.05. HRMS calcd for CosH3,NNaOsP™: [M—i—Na\]+ 482.2067, found
482.2070.

AC~\-BZNHTs

P(O)(OEY),

Diethyl (1-(N-acetylbenzamido)-3-(4-methylphenylsulfonamido)-1-phenylpropan-2-yl)phosphon
-ate (30): eluent (petroleum: isopropanol = 20:1), 105.5 mg, yellow liquid, yield: 45%, dr = 17:1.
'H NMR (400 MHz, CDCly) & 7.78 (d, J = 8.1 Hz, 2H), 7.59 (t, J = 6.7 Hz, 2H), 7.48 (t, J = 4.4
Hz, 1H), 7.36-7.31 (m, 6H), 7.28-7.24 (m, 3H), 6.13 (s, 1H), 5.93 (q, J = 6.7 Hz, 1H), 3.81-3.62
(m, 4H), 3.54-3.45 (m, 2H), 3.36-3.28 (M, 1H), 2.42 (s, 3H), 1.81 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H),
0.94 (t, J = 7.0 Hz, 3H); BC NMR (101 MHz, CDCly) 6 174.85, 173.62, 143.22, 137.21, 136.66,
136.26, 132.98, 129.55, 129.07, 128.83, 128.50, 128.30, 128.14, 127.20, 62.09 (dd, J = 32.0, 7.0
Hz), 41.78 (d, J = 6.7 Hz), 39.06, 37.70, 27.71, 21.43, 15.85 (dd, J = 5.5, 5.2 Hz); *'P NMR (162
MHz, CDCls) & 27.98, 26.32. HRMS calcd for CyoH3sN,NaO,PS™: [M—FH]+ 609.1795, found
609.1791.
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Bz. _Ac
N

/@J\ég)(oa)z

diethyl (1-(N-acetylbenzamido)-1-(p-tolyl)propan-2-yl)phosphonate (3h): eluent (petroleum:
isopropanol = 20:1), 122 mg, yellow liquid, yield: 71%, dr = 4:1. '"H NMR (400 MHz, CDCl5) &
7.48 (t,J =7.3 Hz, 1H), 7.42 (d, J = 8.0 Hz, 4H), 7.34 (t, J = 7.6 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H),
5.90 (t, J = 11.3 Hz, 1H), 4.00-3.77 (m, 3H), 3.77 -3.63 (m, 1H), 3.63-3.46 (m, 1H), 2.26 (s, 3H),
1.79 (s, 3H), 1.41 (dd, J = 17.3, 7.2 Hz, 1H), 1.11 (t, J = 7.0 Hz,3H), 1.07 (t, J = 7.0 Hz, 3H); °C
NMR (101 MHz, CDClg) & 174.47, 172.95, 137.50, 136.66, 135.20, 132.79, 132.69, 129.82,
129.20, 128.77, 128.64, 128.61, 128.54, 128.10, 125.58, 61.62 (d, J = 6.2Hz), 39.42, 38.06, 33.57
(d, J = 136.4Hz), 27.24, 20.94, 16.37, 16.32, 16.10 (dd, J = 13.2Hz, 6.4Hz), 15.86, 12.74, 12.71(d,
J = 5.6Hz); *'P NMR (162 MHz, CDCls) & 33.47, 30.66. HRMS calcd for C,sHaoNNaOsP*: [M+
Na] " 454.1754, found 454.1750.

Bz. _Ac
N

diethyl  (1-(N-acetylbenzamido)-1-(4-fluorophenyl)propan-2-yl)phosphonate  (3i):  eluent
(petroleum: isopropanol = 20:1),123.5 mg, yellow liquid, yield: 71%, dr = 5:1. *"H NMR (400
MHz, CDCl3) & 7.53 (m, 3H), 7.37 (m, 4H), 6.96 (t, J = 8.7 Hz, 2H), 5.92 (t, J = 10.9 Hz, 1H),
3.98-3.79 (m, 3H), 3.78-3.68 (m, 1H), 3.59-3.38 (m, 1H), 1.78 (s, 3H), 1.38 (dd, J = 17.2, 7.2 Hz,
3H), 1.11 (g, J = 7.0 Hz, 6H); *C NMR (101 MHz, CDCl3) § 174.34, 172.98, 163.46, 161.01,
136.49, 134.29, 134.25, 133.06, 131.25, 131.17, 128.93, 128.60, 127.37, 127.29, 114.92, 114.81,
114.70, 114.60, 61.55 (d, J = 6.9 Hz), 38.58 (d, J = 136.5 Hz), 34.16 (d, J = 136.5 Hz), 27.39,
16.37 (t, J = 5.4 Hz), 16.08 (dd, J = 16.4 Hz, 6.4 Hz), 12.71 (t, J = 5.7 Hz); *'P NMR (162 MHz,
CDCl3) & 33.00, 30.24; *F NMR (376 MHz, CDCls) & -113.97, -115.74. HRMS calcd for
CaH,7FNNaOsP*: [M+Na]" 458.1503, found 458.1502.

Bz. _Ac
N

ol P(O)(OEY),

diethyl  (1-(N-acetylbenzamido)-1-(4-chlorophenyl)propan-2-yl)phosphonate  (3j):  eluent
(petroleum: isopropanol = 20:1), 148 mg, yellow liquid, yield: 82%, dr = 7:1. *"H NMR (400 MHz,
CDCl;) 6 7.51 (d, J = 8.4 Hz, 3H), 7.44 (d, J = 7.9 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H), 7.31 (s, 1H),
7.24 (d, J = 8.4 Hz, 2H), 5.90 (t, J = 10.9 Hz, 1H), 3.96-3.81 (m, 3H), 3.81-3.67 (m, 1H),
3.58-3.40 (m, 1H), 1.78 (s, 3H), 1.38 (dd, J = 17.7, 7.0 Hz, 3H), 1.12 (t, J = 7.1 Hz, 3H), 1.10 (t, J
= 7.1 Hz, 3H); ®*C NMR (101 MHz, CDCl3) 5 174.10, 172.92, 136.84, 136.35, 133.59, 132.99,
130.79, 128.87, 128.52, 128.01, 127.93, 127.12, 61.48 (dd, J = 7.0 Hz, 2.7 Hz), 38.44 (d, J =
136.8 Hz), 33.85 (d, J = 139.0 Hz), 27.35, 16.27 (d, J = 4.6 Hz), 15.95 (dd, J = 9.9 Hz, 6.2 Hz),
12.58 (d, J = 5.7 Hz); *P NMR (162 MHz, CDCl3) & 32.80, 30.00. HRMS calcd for

CH,7CINNaOsP*: [M+Na] " 474.1208, found 474.1208.
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Bz. _Ac
N

BrQ/kF‘«/oxoa)z

diethyl  (1-(N-acetylbenzamido)-1-(4-bromophenyl)propan-2-yl)phosphonate  (3K):  eluent
(petroleum: isopropanol = 20:1), 142.5 mg, yellow liquid, yield: 72%, dr = 7:1. *H NMR (400
MHz, CDCly) & 7.46 (d, J = 7.2 Hz, 1H), 7.46-7.37 (m, 8H), 5.87 (t, J = 11.1 Hz, 1H), 3.96-3.82
(m, 3H), 3.82-3.70 (m, 1H), 3.56-3.40 (m, 1H), 1.77 (s, 3H), 1.37 (dd, J = 17.2, 7.2 Hz, 3H), 1.12
(t, J = 7.0 Hz, 3H), 1.09 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCl3) & 174.17, 173.05,
137.39, 136.41, 133.08, 131.21, 131.00, 129.81, 128.95, 128.62, 128.10, 127.54, 121.94, 68.71 (d,
J=5.5Hz), 33.88 (d, J = 139.0 Hz), 27.44, 16.34 (d, J = 4.9 Hz), 16.02 (dd, J = 11.0 Hz, 6.3 Hz),
1263 (d, J = 57 Hz); ¥P NMR (162 MHz, CDCls) & 32.86, 30.06. HRMS calcd for
CH2BrNNaOsP*: [M+Na] ™ 518.0702, found 518.0702.

Bz. _Ac
N

NC/©/'\P(/O)(OE02

diethyl  (1-(N-acetylbenzamido)-1-(4-cyanophenyl)propan-2-yl)phosphonate  (31):  eluent
(petroleum: isopropanol = 20:1), 83 mg, yellow liquid, yield: 47%, dr = 2:1. *"H NMR (400 MHz,
CDCls) 8 7.89 (d, J = 8.3 Hz, 1H), 7.71 (d, J = 8.3 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.62-7.50 (m,
2 H), 7.45-7.36 (m, 4H), 5.98 (d, J = 10.9 Hz, 1H), 3.98-3.72 (m, 4H), 3.65-3.42 (m, 1H), 1.77 (s,
3H), 1.38 (dd, J = 17.2, 7.3 Hz, 3H), 1.22-1.03 (m, 6H); *C NMR (101 MHz, CDCl5) & 200.38,
174.19, 173.95, 173.10, 143.52, 143.16, 136.35, 136.18, 136.12, 133.39, 133.18, 131.72, 130.30,
129.63, 129.11, 129.00, 128.61, 127.63, 118.58, 111.64, 61.73 (dd, J = 6.9 Hz, 4.5 Hz), 61.62 (dd,
J=76Hz 2.2 Hz), 33.62 (d, J = 139.1 Hz), 32.92 (d, J = 139.1 Hz), 31.72, 27.65, 27.52, 16.12
(dd, J = 11.0 Hz, 5.8 Hz), 16.11 (dd, J = 15.3 Hz, 5.8 Hz), 12.59 (d, J = 5.8 Hz), 8.07; *'P NMR
(162 MHz, CDCl3) & 32.68, 32.43, 29.91, 29.50. HRMS calcd for Cy3H,7N,NaOsP™: [M—l—Na]+
465.1550, found 465.1560.

Bz. _Ac
N

FSC/©/'\I5;)(OE’()2

diethyl(1-(N-acetylbenzamido)-1-(4-(trifluoromethyl)phenyl)propan-2-yl)phosphonate(3m):

eluent (petroleum: isopropanol = 20:1), 56 mg, yellow liquid, yield: 29%, dr = 8:1. *H NMR (400
MHz, CDCls) 6 7.71 (d, J = 8.2 Hz, 2H), 7.55-7.50 (m, 3H), 7.46-7.37 (m, 4H), 5.96 (t, J = 11.1
Hz, 1H), 3.97-3.82 (m, 3H), 3.82-3.70 (m, 1H), 3.62-3.45 (m, 1H), 1.78 (s, 3H), 1.39 (dd, J = 17.3,
7.2 Hz, 3H), 1.10 (t, J = 7.1 Hz, 3H), 1.05 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) &
174.14, 173.21, 142.38, 136.38, 133.24, 130.53, 130.21, 129.95, 129.89, 129.57, 129.07, 128.69,
128.15, 127.27, 126.17, 125.33, 125.02, 124.91, 124.87, 124.83, 122.62, 61.70 (dd, J = 7.0 Hz, 4.5
Hz), 33.77 (d, J = 139.2 Hz), 27.63, 16.01 (dd, J = 13.4 Hz, 7.0 Hz), 12.66 (d, J = 5.7 Hz); *'P
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NMR (162 MHz, CDCl3) 6 32.74, 29.79; ¥FE NMR (376 MHz, CDCly) & -62.43, -62.69. HRMS
calcd for Cp3H,7FsNNaO<P™: [M+Na]+ 508.1471, found 508.1469.

diethyl(1-(N-acetylbenzamido)-1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propan-
2-yl)phosphonate (3n): eluent (petroleum: isopropanol = 20:1), 87 mg, yellow liquid, yield: 40%,
dr = 13:1. '"H NMR (400 MHz, CDCl3) & 7.71 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.46
(dd, 3 =3.7, 1.4 Hz, 1H), 7.41 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.4 Hz, 2H), 5.95 (t, J = 11.1 Hz,
1H), 3.94-3.81 (m, 2H), 3.81-3.65 (m, 2H), 3.64-3.46 (m, 1H), 1.77 (s, 3H), 1.40 (dd, J = 17.3, 7.2
Hz, 3H), 1.31 (s, 12H), 1.11 (t, J = 7.1 Hz, 3H), 1.04 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,
CDCl3) 6 174.32, 173.00, 141.17, 136.61, 134.41, 132.88, 132.04, 131.94, 128.87, 128.64, 128.47,
128.35, 83.65, 61.50 (dd, J = 7.1 Hz, 3.3 Hz), 33.76 (d, J = 138.7 Hz), 27.37, 24.74 (d, J = 6.1 Hz),
16.04(dd, J = 15.7 Hz, 6.4 Hz), 12.70 (d, J = 5.6 Hz); *'P NMR (162 MHz, CDCl5) § 33.25, 30.31.
HRMS calcd for CogH3gBNNaOsP*: [M+Na]+ 566.2449, found 566.2441.

Bz. _Ac
2 N

\©/v\é’g)(0|§t)2

diethyl (1-(N-acetylbenzamido)-1-(m-tolyl)propan-2-yl)phosphonate (30): eluent (petroleum:
isopropanol = 20:1), 108.6 mg, yellow liquid, yield: 63%, dr = 16:1. *H NMR (400 MHz, CDCl5)
5749 (t, J=7.3 Hz, 1H), 7.42 (d, J = 7.3 Hz, 2H), 7.35 (t, J = 7.4 Hz, 3H), 7.33 (d, J = 6.6 Hz,
1H), 7.13 (t, J = 7.9 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 5.89 (t, J = 11.2 Hz, 1H), 3.95-3.74 (m, 3H),
3.73-3.59 (m, 1H), 3.59-3.45 (m, 1H), 2.29 (s, 3H), 1.79 (s, 3H), 1.40 (dd, J = 17.2, 7.2 Hz, 3H),
1.09 (t, J = 7.0 Hz, 3H), 1.06 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl5) & 174.50, 172.88,
138.13, 137.30, 136.70, 132.83, 130.06, 128.79, 128.64, 128.61, 127.79, 126.34, 61.40 (t, J =
6.5Hz), 34.01 (d, J = 138.7Hz), 27.27, 21.31, 15.99 (dd, J = 14.7Hz, 5.4Hz), 12.76 (d, J = 5.7Hz);
P NMR (162 MHz, CDCls) & 33.38, 30.55. HRMS calcd for CpsHzoNNaOsP*: [M~+Na]”

454.1754, found 454.1752.

Bz. A
ch

Cl
P(O)(OE),

diethyl  (1-(N-acetylbenzamido)-1-(3-chlorophenyl)propan-2-yl)phosphonate  (3p):  eluent
(petroleum: isopropanol = 20:1), 127 mg, yellow liquid, yield: 67%, dr = 20:1. '"H NMR (400
MHz, CDCl3) & 7.59 (s, 1H), 7.53 (t, J = 7.3 Hz, 1H), 7.44 (m, J =11.0, 4.4 Hz, 3H), 7.39 (t, J =
7.7 Hz, 2H), 7.21 (m, 2H), 5.88 (t, J = 11.1 Hz, 1H), 3.97-3.81 (m, 3H), 3.82-3.70 (m, 1H), 3.49
(m, 1H), 1.78 (s, 1H), 1.38 (dd, J = 17.3, 7.2 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H), 1.08 (t, J = 7.1 Hz,
3H); *C NMR (101 MHz, CDCls) & 174.08, 172.97, 140.31, 136.39, 133.62, 133.06, 129.66,
129.12, 128.93, 128.63, 128.03, 127.67, 61.55 (dd, J = 7.1 Hz, 3.4 Hz), 60.88, 34.27 (d, J = 139.1
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Hz), 27.45, 16.00 (dd, J = 13.0 Hz, 6.4 Hz), 12.61 (d, J = 5.7 Hz); *'P NMR (162 MHz, CDCl3) &
32.74, 29.89. HRMS calcd for Cy,H,,CINNaOsP*: [M+Na] ™ 474.1208, found 474.1208.

Bz. _Ac
N

Br
B(O)(OE),

diethyl  (1-(N-acetylbenzamido)-1-(3-bromophenyl)propan-2-yl)phosphonate  (3q):  eluent
(petroleum: isopropanol = 20:1), 142 mg, yellow liquid, yield: 72%, dr >20:1. *H NMR (400 MHz,
CDCl3) 6 7.74 (s, 1H), 7.53 (t, J = 7.2 Hz, 1H), 7.48 (dd, J = 12.8, 7.6 Hz, 3H), 7.43-7.35 (m, 3H),
7.14 (t,J =7.9 Hz, 1H), 5.87 (t, J = 11.0 Hz, 1H), 3.98-3.82 (m, 3H), 3.83-3.69 (m, 1H), 3.58-3.40
(m, 1H), 1.79 (s, 3H), 1.38 (dd, J = 17.3, 7.2 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H), 1.09 (t, J = 7.1 Hz,
3H); *°C NMR (101 MHz, CDCls) & 173.96, 172.86, 140.49, 136.27, 133.00, 132.46, 13191,
131.82, 130.88, 129.35, 128.86, 128.55, 128.36, 128.24, 128.05, 121.70, 61.48 (dd, J =6.9 Hz, 4.6
Hz), 33.66 (d, J = 139.1Hz), 27.36, 15.93 (dd, J = 11.6 Hz, 7.0 Hz), 12,51 (d, J = 5.7 Hz); *'P
NMR (162 MHz, CDCls;) & 32.66, 29.88. HRMS calcd for CyH,;BrNNaOsP*: [M+Na]"
518.0702, found 518.0702.

Bz. _Ac
N

AcO
P(O)(OE),

3-(1-(N-acetylbenzamido)-2-(diethoxyphosphoryl)propyl)phenyl acetate (3r): eluent (petroleum:
isopropanol = 20:1), 125.5 mg, yellow liquid, yield: 63%, dr = 16:1. *"H NMR (400 MHz, CDCl5)
§7.50 (d, J = 7.3 Hz, 1H), 7.44 (d, J = 7.3 Hz, 2H), 7.42-7.34 (m, 3H), 7.34-7.31 (m, 1H), 7.26 (t,
J = 7.9 Hz, 1H), 7.02-6.94 (m, 1H), 5.99-5.83 (m, 1H), 3.96-3.79 (m, 3H), 3.79-3.66 (m, 1H),
3.57-3.42 (m, 1H), 2.26 (s, 3H), 1.78 (s, 3H), 1.39 (dd, J = 17.2, 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz,
3H), 1.07 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCly) & 174.36, 172.92, 169.05, 150.33,
139.96, 136.45, 132.97, 128.89, 128.67, 128.65, 126.71, 122.71, 121.23, 61.57 (dd, J = 6.5 Hz, 6.0
Hz), 33.39 (d, J = 139.0 Hz), 27.34, 20.97, 16.00 (dd, J = 16.4 Hz, 6.4 Hz), 12.61 (d, J = 5.6 Hz);
¥Ip NMR (162 MHz, CDCly) & 33.00, 30.16. HRMS calcd for CysHsoNNaO-P*: [M+Na]”
498.1652, found 498.1651.

Bz. _Ac
>N

©i\é(/0)(0Et)z

diethyl (1-(N-acetylbenzamido)-1-(o-tolyl)propan-2-yl)phosphonate (3s): eluent (petroleum:
isopropanol = 20:1), 108.6 mg, yellow liquid, yield: 63%, dr = 5:1. "H NMR (400 MHz, CDCl;) &
7.52 (d, J = 7.6 Hz, 1H), 7.49-7.43 (m, 1H), 7.32 (dt, J = 15.3, 7.6 Hz, 4H), 7.13 (d, J = 6.9 Hz,
1H), 7.06 (td, J = 7.4, 1.0 Hz, 1H), 7.00 (t, J = 7.3 Hz, 1H), 6.37 (t, J = 11.1 Hz, 1H), 3.91-3.79 (m,
3H), 3.79-3.61 (m, 1H), 3.60-3.40 (m, 1H), 2.55 (s, 3H), 1.77 (s, 3H), 1.44 (dd, J = 17.2, 7.2 Hz,
1H), 1.12 (t, J = 7.1 Hz, 3H), 1.02 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz, CDCl3) & 175.19,
171.43, 136.97, 136.63, 135.96, 133.24, 133.13, 130.20, 130.16, 129.03, 128.76, 128.66, 127.70,
126.87, 126.25, 125.45, 125.23, 67.26 (J = 3.6 Hz), 61.99 (dd, J = 46.1 Hz, 7.2Hz), 61.30 (dd, J =
13.5 Hz, 6.9 Hz), 35.85 (d, J = 35.9 Hz), 30.90 (d, J = 138.0 Hz), 26.57, 20.01, 16.31 (dd, J = 8.7
Hz, 5.7 Hz), 15.94 (dd, J = 23.1 Hz, 5.8 Hz), 12.48 (d, J = 5.4 Hz); *'P NMR (162 MHz, CDCl5) 5
33.69, 30.72. HRMS calcd for Co3H3NNaOsP*: [M+Na] ™ 454.1754, found 454.1751.
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Bz. _Ac
N

CK:F"(/OXOEDZ

diethyl  (1-(N-acetylbenzamido)-1-(2-bromophenyl)propan-2-yl)phosphonate ~ (3t):  eluent
(petroleum: isopropanol = 20:1), 116 mg, yellow liquid, yield: 56%, dr >20:1. *H NMR (400 MHz,
CDCly) 6 8.11 (d, J = 5.8 Hz, 0.47H), 7.97 (d, J = 5.8 Hz, 0.13H), 7.94 (d, J = 5.8 Hz, 0.33H),
7.59-7.42 (m, 4H), 7.42-7.03 (m, 4H), 6.42 (t, J = 11.2 Hz, 0.53H), 5.86-5.73 (m, 0.14H),
5.74-5.63 (m, 0.27H), 4.29-3.76 (m, 4H), 3.62-3.43 (m, 0.55H), 2.82-2.56 (m, 0.41H), 2.06 (s,
0.47H), 2.06 (s, 0.80H), 2.06 (s, 1.60H), 1.44 (dd, J = 17.3, 7.3 Hz, 1.59H), 1.39 (t, J = 7.1 Hz,
1H), 1.31 (t, J = 7.1 Hz, 1.72H), 1.25 (t, J = 7.1 Hz, 1.80H), 1.14 (dd, J = 17.7, 7.5 Hz, 0.54H),
1.07 (dd, J = 18.1, 7.6 Hz, 0.84H), 1.02 (t, J = 7.1 Hz, 1.71H); *C NMR (101 MHz, CDCls) &
174.85, 170.58, 136.43, 136.20, 133.15, 132.60, 131.96, 129.23, 128.85, 128.71, 126.32, 125.19,
61.48 (dd, J = 33.1 Hz, 6.9 Hz), 58.87, 34.10 (d, J = 137.6 Hz), 26.19, 15.98 (dd, J = 34.0 Hz, 5.8
Hz), 12.11(d, J = 5.6 Hz); *P NMR (162 MHz, CDCl3) & 30.56, 29.66. HRMS calcd for
CH2BrNNaOsP*: [M+Na] " 518.0702, found 518.0702.

Bz. _Ac
N

©\/:;)(0Et)2

diethyl(1-([1,1'-biphenyl]-2-yl)-1-(N-acetylbenzamido)propan-2-yl)phosphonate ~ (3u):  eluent
(petroleum: isopropanol = 20:1), 134 mg, yellow liquid, yield: 65%, dr>21:1. '"H NMR (400 MHz,
CDCly) 6 7.67 (d, J = 7.1 Hz, 1H), 7.66-7.39 (m, 6H), 7.36-7.27 (m, 4H), 7.24-7.15 (m, 3H), 6.10
(t, J = 11.5 Hz, 1H), 4.09-3.89 (m, 2H), 3.89-3.71 (m, 2H), 3.71-3.53 (m, 1H), 1.44 (s, 3H), 1.37
(dd, J = 17.2, 7.2 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H), 1.06 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,
CDCly) 8 175.05, 171.79, 142.60, 141.03, 136.22, 134.53, 132.62, 130.28, 129.58, 129.43, 128.45,
128.34, 127.70, 127.33, 126.63, 61.46 (dd, J = 15.2 Hz, 7.0 Hz), 56.51(d, J = 6.7 Hz), 34.47, (d, J
= 136.1 Hz), 24.25, 16.00 (dd, J = 17.3 Hz, 6.1 Hz), 12.18 (d, J = 5.5 Hz); P NMR (162 MHz,
CDCl3) § 33.28, 30.98. HRMS calcd for CogH3,NNaOsP*: [M+Na] ™ 516.1907, found 516.1910.

Om

Bz. _Ac
N

)(OEt)2

diethyl  (1-(N-acetylbenzamido)-1-(naphthalen-2-yl)propan-2-yl)phosphonate  (3v):  eluent
(petroleum: isopropanol = 20:1), 97 mg, yellow liquid, yield: 47%, dr = 9:1."H NMR (400 MHz,
CDCly) 6 8.00 (s, 1H), 7.81 (dd, J = 6.4, 2.9 Hz, 1H), 7.79-7.68 (m, 3H), 7.44 (ddd, J = 6.6, 5.0,
2.8 Hz, 6H), 7.31 (t, J = 7.7 Hz, 2H), 6.11 (t, J = 11.2 Hz, 1H), 3.89-3.74 (m, 3H), 3.74-3.53 (m,
2H), 1.78 (s, 3H), 1.45 (dd, J = 17.3, 7.2 Hz, 3H), 0.97 (t, J = 7.1 Hz, 6H), 0.94 (t, J = 7.1 Hz, 6H);
B3C NMR (101 MHz, CDCly) & 174.42, 173.18, 136.63, 135.73, 132.92, 132.90, 132.86, 128.86,
128.76, 128.66, 128.24, 127.52, 127.32, 127.24, 126.00, 125.80, 61.50 (d, J = 6.9Hz), 33.88 (d, J
= 139.0Hz), 27.47, 15.94 (d, J = 11.5Hz, 6.9Hz), 12.82 (d, J = 5.6 Hz); *P NMR (162 MHz,
CDCls) & 33.34, 30.44. HRMS calcd for C,6H3NNaOsP*: [M+Na] " 490.1754, found 490.1752.
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Br/©\/FKF‘>(/0)<OEt)2

diethyl(1-(N-acetylbenzamido)-1-(4-bromo-2-fluorophenyl)propan-2-yl)phosphonate (3w): eluent
(petroleum: isopropanol = 20:1), 122 mg, yellow liquid, yield: 57%, dr = 15:1. *"H NMR (400
MHz, CDCl3) 6 7.63 (t, J = 8.0 Hz, 1H), 7.53 (t, J = 7.3 Hz, 1H), 7.48 (d, J = 7.2 Hz, 1H), 7.39 (t,
J =77 Hz, 1H), 7.21 (dd, J = 13.6, 5.0 Hz, 1H), 6.17 (t, J = 11.3 Hz, 1H), 4.10-3.85 (m, 1H),
3.58-3.38 (m, 1H), 1.87 (s, 1H), 1.38 (dd, J = 17.1, 7.2 Hz, 1H), 1.23 (t, J = 7.1 Hz, 1H), 1.11 (t, J
= 7.1 Hz, 1H); *C NMR (101 MHz, CDCls) & 174.20, 172.08, 161.50, 159.00, 136.07, 133.12,
132.56, 132.52, 128.90, 128.56, 126.61, 126.58, 124.38, 124.25, 122.06, 121.97, 118.59, 118.33,
61.74 (dd, J = 11.2Hz, 7.1Hz), 52.87, 32.93 (d, J = 140.0Hz), 26.66, 16.05 (dd, J = 20.0Hz,
6.2Hz), 12.25 (d, J = 5.8Hz); *'P NMR (162 MHz, CDCl5) & 30.38, 29.40; *F NMR (376 MHz,
CDCl;) & -112.59, -113.30. HRMS calcd for C,,HsBrFNNaOsP*: [M+Na] " 536.0608, found
536.0607.

MeO

OMe

diethyl(1-(N-acetylbenzamido)-1-(3,5-dimethoxyphenyl)propan-2-yl)phosphonate  (3x):  eluent
(petroleum: isopropanol = 20:1), 146 mg, yellow liquid, yield: 73%, dr > 20:1. *H NMR (400
MHz, CDCl3) 8 7.51 (t, J = 7.3 Hz, 1H), 7.46 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 7.7 Hz, 2H), 6.70 (d,
J=22Hz 2H), 6.33 (t, J = 2.2 Hz, 1H), 5.83 (t, J = 11.1 Hz, 1H), 3.94-3.82 (m, 3H), 3.82-3.75
(m, 1H), 3.73 (s, 6H), 3.55-3.39 (m, 1H), 1.80 (s, 3H), 1.39 (dd, J = 17.2, 7.2 Hz, 3H), 1.13 (t, J =
7.1 Hz, 3H), 1.09 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCly) & 174.54, 172.83, 160.25,
140.48, 136.69, 132.92, 128.85, 128.74, 107.53, 100.19, 61.50 (dd, J = 7.1 Hz, 3.4 Hz), 55.25,
34.21 (d, J = 138.8 Hz), 27.27, 16.06 (dd, J = 15.4 Hz, 6.5 Hz), 12.78 (d, J = 5.6 Hz); *'P NMR
(162 MHz, CDCls) & 33.23, 30.34. HRMS calcd for C,,H3,NNaO;P™: [M+Na]+ 500.1809, found
500.1805.

Bz. _Ac
N

dimethyl (1-(N-acetylbenzamido)-1-phenylpropan-2-yl)phosphonate (3y): eluent (petroleum:
isopropanol = 20:1), 128.5 mg, yellow liquid, yield: 78%, dr > 20:1, *"H NMR (400 MHz, CDCly)
§7.56 (d, J = 7.1 Hz, 2H), 7.50 (t, J = 7.2 Hz, 1H), 7.42 (d, J = 7.1 Hz, 2H), 7.35 (t, J = 7.7 Hz,
2H), 7.29 (t, J = 7.2 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 5.94 (dd, J = 14.2, 8.1 Hz, 1H), 5.94 (dd, J
=14.2, 8.1 Hz, 1H), 3.68-3.51 (m, 1H), 3.68-3.51 (m, 1H), 3.47 (d, J = 10.7 Hz, 3H), 3.47 (d, J =
10.7 Hz, 3H), 3.35 (d, J = 10.7 Hz, 3H), 3.35 (d, J = 10.7 Hz, 3H), 1.77 (d, J = 8.0 Hz, 3H),
1.46-1.37 (m, 3H); BC NMR (101 MHz, CDCl3) 6 174.45, 172.80, 137.96, 136.48, 132.96, 129.19,
128.82, 128.57, 128.04, 128.00, 52.14 (t, J = 7.2Hz), 33.76 (d, J = 138.7 Hz), 27.29, 12.71 (d, J =
5.8Hz); *'P NMR (162 MHz, CDCl3) & 33.94, 33.15. HRMS calcd for CpH,sNNaOsP*: [M+Na]

*412.1284, found 412.1281.
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diethyl (1-(N-acetylbenzamido)-2,3-dihydro-1H-inden-2-yl)phosphonate (3z): eluent (petroleum:
isopropanol = 20:1), 95 mg, yellow liquid, yield: 57%, dr > 20:1. *"H NMR (400 MHz, CDCl3) &
7.78 (d, J = 7.8 Hz, 2H), 7.56 (t, J = 7.1 Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.21 (d, J = 10.9 Hz,
4H), 6.21 (dd, J = 17.1, 8.3 Hz, 1H), 4.16-4.00 (m, 4H), 3.55 (td, J = 17.7, 9.0 Hz, 1H), 3.42 (ddd,
J=15.9, 9.5, 6.1 Hz, 1H), 3.17 (td, J = 16.7, 8.6 Hz, 1H), 2.05 (s, 3H), 1.24 (t, J = 7.0 Hz, 3H),
1.20 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCly) § 174.15, 173.53, 140.58, 140.47, 140.36,
140.23, 136.18, 132.62, 128.79, 127.94, 126.95, 124.78, 121.94, 63.29, 61.94 (dd, J = 30.2 Hz, 6.6
Hz), 39.66 (d, J = 148.7 Hz), 32.00, 27.52, 16.31 (t, J = 7.1 Hz); *'P NMR (162 MHz, CDCl5) &
30.86, 27.39. HRMS calcd for C,H,sNNaOsP*: [M+Na] " 438.1441, found 438.1441.

P(O)(OEt),

N
Ac” "Bz

Diethyl ((4S,5S)-4-(N-acetylbenzamido)-5-isopropyl-2-methylcyclohex-2-en-1-yl)phosphonate

(3aa): eluent (petroleum: isopropanol = 20:1), 88.7 mg, yellow liquid, yield: 51%, dr = 5:1. *H
NMR (400 MHz, CDCl3) 6 7.70 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz,
2H), 5.49 (s, 1H), 5.38 (s, 1H), 4.14-4.07 (m, 4H), 2.64 (dd, J = 27.1, 6.1 Hz, 1H), 2.38-2.17 (m,
1H), 2.11-1.97 (m, 2H), 1.87 (s, 6H), 1.68 (td, J = 13.3, 6.7 Hz, 1H), 1.32 (td, J = 7.1, 3.3 Hz, 6H),
0.94 (d, J = 6.7 Hz, 6H); *C NMR (101 MHz, CDCl5) 5 174.84, 173.95, 136.91, 133.85 (d, J =
9.1 Hz), 133.02, 129.01, 128.94, 124.13 (d, J = 12.9 Hz), 62.12 (d, J = 7.0 Hz), 61.29 (d, J = 7.2
Hz), 40.63, 39.28 (d, J = 134.1 Hz), 28.29, 27.97, 23.89, 22.75, 21.02, 19.75, 16.49 (dd, J = 9.8,
5.8 Hz); *'P NMR (162 MHz, CDCls) 6 29.64, 28.60. HRMS calcd for Cp3H3sNNaOsP*: [M+Na]

" 458.2067, found 458.2061.

P(O)(OMe),

Ac_
N

Bz

Dimethyl (((3S,5R)-3-(N-acetylbenzamido)-2-methyl-5-(prop-1-en-2-yl)cyclohex-1-en-1-yl)meth
yl)phosphonate (3ab): eluent (petroleum: isopropanol = 20:1), 92 mg, yellow liquid, yield: 55%,
dr > 20:1. "H NMR (400 MHz, CDCl3) 8 7.71 (t, J = 7.6 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (t,
J =7.6 Hz, 2H), 5.00 (s, 1H), 4.72 (d, J = 20.9 Hz, 2H), 3.74 (dd, J = 10.8, 4.9 Hz, 6H), 2.81-2.52
(m, 3H), 2.39 (d, J = 17.7 Hz, 1H), 2.23-2.07 (m, 2H), 1.93 (s, 3H), 1.91-1.83 (m, 1H), 1.72 (s,
3H), 1.69-1.64 (m, 3H).*C NMR (101 MHz, CDClg) & 173.69, 172.82, 147.42, 136.42, 132.85,
128.89, 128.84, 128.52 (d, J = 12.9 Hz), 124.50 (d, J = 11.8 Hz), 109.50, 57.24 (d, J = 2.7 Hz),
52.46 (dd, J = 6.7, 4.7 Hz), 37.04, 35.33, 32.44, 31.21 (d, J = 138.3 Hz), 27.22, 21.24, 16.56 (d, J
= 3.0 Hz). *P NMR (162 MHz, CDCl3) & 29.91. HRMS calcd for CpHzNNaOsP*: [M+Na] *

442.1754, found 442.1757.
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diethyl ((5S)-5-(2-acetamidopropan-2-yl)-2-methylcyclohex-2-en-1-yl)phosphonate (3ac): eluent
(petroleum: isopropanol = 20:1), 106 mg, yellow liquid, yield: 51%."H NMR (400 MHz, CDCl5) &
5.74 (s, 1H), 5.60 (s, 1H), 4.12 (p, J = 7.2 Hz, 4H), 2.70-2.50 (m, 1H), 2.24 (ddd, J = 24.2, 11.2,
6.7 Hz, 2H), 2.09 (d, J = 4.0 Hz, 1H), 1.94 (s, 3H), 1.84 (s, 3H), 1.36 (s, 1H), 1.36-1.27 (m, 13H).
3C NMR (101 MHz, CDCl;)  169.78, 128.69, 128.60, 125.53, 125.41, 63.80, 61.95, 61.88, 61.75,
61.68, 55.85, 40.38, 39.04, 38.59, 26.20, 26.17, 25.41, 25.37, 24.42, 23.93, 23.34, 21.94, 16.42,
16.36, 16.32. **P NMR (162 MHz, CDCls) & 30.12. HRMS calcd for C16HaoNNaO,P*: [M~+Na]
354.1805, found 354.1807.

AcHN
P(O)(OEt),

(R)-diethyl ((4-(2-acetamidopropan-2-yl)cyclohex-1-en-1-yl)methyl)phosphonate (3ad): eluent
(petroleum: isopropanol = 20:1), 106 mg, yellow liquid, yield: 60%. ‘H NMR (400 MHz, CDCls)
8 5.59 (s, 1H), 5.51 (s, 1H), 4.09 (dq, J = 14.2, 7.1 Hz, 4H), 2.50 (dd, J = 21.5, 2.7 Hz, 2H),
2.27-2.12 (m, 3H), 2.12-1.99 (m, 1H), 1.93 (s, 3H), 1.89-1.72 (m, 2H), 1.38-1.18 (m, 13H). **C
NMR (101 MHz, CDCl3) & 169.40, 128.18, 128.07, 125.84, 125.72, 63.80, 61.74, 61.67, 61.60,
56.03, 40.09, 35.17, 33.80, 30.32, 30.29, 26.71, 26.68, 24.38, 24.02, 23.93, 23.71, 16.37, 16.31.
¥p NMR (162 MHz, CDCls) 6 27.91. HRMS calcd for C;sH3oNNaO,P*: [M+Na] " 354.1805,
found 354.1803.

(5R,8S,95,10R,13S,14S,17R)-3-((diethoxyphosphoryl)methyl)-10,13-dimethyl-17-(prop-1-en-2-yl)-
2,5,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-5-yl  benzoate
(3af): eluent (petroleum: isopropanol = 20:1), 106 mg, yellow liquid, yield: 47%. '"H NMR (400
MHz, CDCl,)  8.10 (d, J = 7.1 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 5.46 (d,
J = 5.1 Hz, 1H), 4.84 (s, 1H), 4.69 (s, 1H), 4.11-4.19 (m, 4H), 2.58 (dd, J = 22.1, 4.7 Hz, 2H),
2.14-1.94 (m, 3H), 1.85-1.80 (m, 1H), 1.77-1.73 (m, 2H), 1.73 (s, 3H), 1.69-1.47 (m, 6H),
1.45-1.40 (m, 2H), 1.34 (t, J = 7.0 Hz, 6H), 1.29 (dd, J = 11.0, 3.0 Hz, 1H), 1.21-1.13 (m, 2H),
1.09-1.00 (m, 2H), 0.96 (s, 3H), 0.89-0.78 (m, 1H), 0.55 (s, 3H); *C NMR (101 MHz, CDCl;) &
169.59, 145.50, 133.15 (d, J = 12.3 Hz), 132.97, 132.19 (d, J = 11.0 Hz), 130.20, 129.92, 128.22,
110.64, 72.32 (d, J = 2.1 Hz), 62.07 (dd, J = 8.5, 6.9 Hz), 56.63 (d, J = 123.3 Hz), 43.29, 43.16,
38.79, 38.49, 35.22, 35.20, 35.08, 33.83, 28.68, 28.04, 26.67 (d, J = 2.6 Hz), 25.32, 24.51, 24.06,
22.47,16.43 (d, J = 6.0 Hz), 16.07, 12.67; *'P NMR (162 MHz, CDCls) & 27.69. HRMS calcd for
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CasHaoNaOsP*: [M+Na] ™ 591.3210, found 591.3213.

(EtO)z(O)Ig
(1S,2S,3R,4R,4aR,5S,7R)-4-(2-((2R,4R)-4-acetoxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl)-2-(dieth
oxyphosphoryl)-5-((2,2-dimethylbutanoyl)oxy)-3,7-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen
-1-yl benzoate (3ag): eluent (petroleum: isopropanol = 20:1), 146 mg, yellow liquid, yield: 51%.
'H NMR (400 MHz, CDCly) & 7.74 (d, J = 7.5 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.6
Hz, 2H), 5.67 (s, 1H), 5.24 (s, 1H), 5.15 (s, 1H), 4.49 (s, 1H), 4.14-4.02 (m, 4H), 3.71 (s, 2H),
2.80-2.66 (m, 4H), 2.50 (d, J = 23.4 Hz, 1H), 2.37-2.33 (m, 4H), 2.12-2.03 (m, 1H), 2.08 (s, 3H),
1.96 (s, 2H), 1.77-1.65 (m, 4H), 1.59-1.53 (m, 3H), 1.31 (dd, J = 14.6, 7.2 Hz, 6H), 1.16-1.13 (m,
8H), 0.94 (d, J = 6.9 Hz, 3H), 0.78 (d, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCls) & 177.93,
169.95, 168.85, 132.95, 129.86, 128.95, 128.27, 78.34, 77.32, 77.21, 77.01, 76.69, 76.38, 66.12,
65.51, 64.95, 62.50, 62.43, 61.73, 61.66, 60.47, 49.20, 47.86, 42.78, 41.37, 40.10, 35.30, 32.94,
32.88, 31.36, 30.25, 29.61, 29.39, 27.76, 24.68, 24.29, 22.92, 22.49, 22.32, 21.18, 20.98, 16.61,
16.55, 16.44, 16.38, 9.38, 0.94. *'P NMR (162 MHz, CDCl3) 6 28.19. HRMS calcd for
CagHssNaO1,P*: [M+Na] " 741.3374, found 741.3377.
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