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1. General Information.

All experiments were carried out under a N, atmosphere using standard Schlenk techniques or in a
dry glovebox. All heating (heating module) and stirring were conducted on the IKA (Model: RCT
basic). Solvents were dried over Na metal or CaH,, and were distilled under nitrogen prior to use.
Reagents were of analytical grade, obtained from commercial suppliers and used without further
purification. Flash column chromatography was performed by 200-300 mesh silica gel. The reactions
were monitored by GC and GC-MS, GC-MS results were recorded on GC-MS QP2010, and GC
analysis was performed on GC 2014. The 'H, 3C and 3'P NMR spectra were recorded on a Brucker
ADVANCE III spectrometer at 400 MHz, 100 MHz and 162 MHz respectively, and chemical shifts
were reported in parts per million (ppm). The following abbreviations were used to explain the
multiplicities: s (singlet), d (doublet), dd (doublet of doublets), t (triplet), q (quartet), m (multiple), td
(triplet of doublets). Melting points were measured using a melting point instrument and are uncorrected.
High-resolution mass spectra (HRMS) were recorded on a TOF instrument by the ESI technique. All
solvents, reagents and acids were purchased from Meryer, Energy Chemical and Aladdin. The electron
spray ionization (ESI) method was used as the ionization method for the HRMS measurement, and the
mass analyzer type is TOF for ESI. The authors thank the analytical and testing center of Hainan

University for the great assistance.
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2. General procedure of bisphosphorylation.

o) Boc,0 (2 equiv), Nay,CO3 (20 mol%) OP(0)R'R?
PR +  HP(O)R'R?
R” “OH 80°C, 4 h, N, R” “P(O)R'R?
a b c

Procedure A: To a 25 mL Schlenk tube, carboxylic acid (a, 0.2 mmol), P(O)H compound (b, 2 equiv,
0.4 mmol), Na,CO; (4.2 mg, 20 mol%) and Boc,O (92 uL, 2 equiv, 0.4 mmol) were added under N,
atmosphere and stirred at 80 °C for 4 h. After being cooled to the room temperature, the analytically

pure products were obtained by flash column chromatography.
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3. Condition optimization of deoxyphosphorylation.
Table 1. Optimization of base“.

Boc,0 (1.5 equiv)
0\ OH Base (2 equiv)
NaH,PO, (2.5 equiv)

+ HP(O)th
C) wremy ~ L

P(O)Ph,

80°C, 12 h

a b d

Entry Base Yield/%"
1 K,CO; 10
2 Na2C03 20
3 NaHCO; 7
4 NaOH 13
5 CH3ONa 14
6 ‘BuONa 14
7 Li,CO5 19
8 EtsN 36
9 "PrsN 18
10 DMF N.D.

@Reaction conditions: a (34.4 mg, 0.2 mmol), b (80.9 mg, 0.4 mmol, 2 equiv), NaH,PO, (44.0 mg, 0.5
mmol, 2.5 equiv), base (0.4 mmol) and Boc,O (69 pL, 0.3 mmol, 1.5 equiv) were added into a 25 mL

Schlenk tube and heated at 80 °C for 12 h. ?GC yield using dodecane as an internal standard.

S5



Table 2. Screening of reducing agents®.
Boc,0 (1.5 equiv)
EtsN (2 equiv) P(O)Ph,
HP(O)Ph, reducing agents (2.5 equiv)

+
90 weam (L

O.__OH
A

80°C, 12 h
a b d
Entry Reducing agents Yiled/%?"
1 NaH,PO, 36
2 HCOONa 32
3 Zn 26
4 Cu 17
5 Fe 13
6 NaH,PO, 56°
7 NaH,PO, 579

@Reaction conditions: a (34.4 mg, 0.2 mmol), b (80.9 mg, 0.4 mmol, 2 equiv), Et;N (56 uL, 0.4 mmol, 2
equiv), reducing agents ( 0.5 mmol, 2.5 equiv) and Boc,O (69 pL, 0.3 mmol, 1.5 equiv) were added into
a 25 mL Schlenk tube and heated at 80 °C for 12 h. °GC yield using dodecane as an internal standard.

“NaH,PO, (52.8 mg, 0.6 mmol, 3 equiv). “NaH,PO, (61.6 mg, 0.7 mmol, 3.5 equiv).

Table 3. Screening of anhydrides®.
Anhydrides (1.5 equiv)
OyCH EtsN (2 equiv) P(O)Ph;
NaH,PO, (3 equiv)

+  HP(O)Ph,
OO THF (2 mL) OO

80°C,12h
a b d
Entry Anhydries Yiled/%"
1 Boc,0 36
Piv,0 32
3 Ac,0 26

@Reaction conditions: a (34.4 mg, 0.2 mmol), b (80.9 mg, 0.4 mmol, 2equiv), Et;N (56 uL, 0.4 mmol, 2
equiv), NaH,PO, (52.8 mg, 0.6 mmol, 3 equiv) and anhydride (0.3 mmol, 1.5 equiv) were added into a

25 mL Schlenk tube and heated at 80 °C for 12 h. ?GC yield using dodecane as an internal standard.
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Table 4. Screening of solvents®.
Boc,O (1.5 equiv)
Et,N (2 equiv) P(O)Ph,
NaH,PO, (3 equiv)

+  HP(O)Ph, N
U savers ()

o, OH
D

80°C,12h
a b d
Entry Solvents Yiled/%?"
1 THF (2 mL) 56
2 Dioxane (2 mL) 26
3 DMF (2 mL) 48
4 Cy (2 mL) 58
5 MeCN (2 mL) 32
6 Et,O (2 mL) 33
7 "PrOH (2 mL) 27
8 THF (1 mL) 60
9 THF (3 mL) 52
10 Cy (1 mL) 62
11 Cy (3 mL) 45
12 THF : Cy (1 mL) 71
13 THF : Cy (0.5 mL) 80

@Reaction conditions: a (34.4 mg, 0.2 mmol), b (80.9 mg, 0.4 mmol, 2 equiv), Et;N (56 uL, 0.4 mmol,
2equiv), NaH,PO, (52.8 mg, 0.6 mmol, 3 equiv) and Boc,0O (69 uL, 0.3 mmol, 1.5 equiv) were added
into a 25 mL Schlenk tube and heated at 80 °C for 12 h. *GC yield using dodecane as an internal

standard.
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Table 5. Screening of temperature®.
Boc,0 (1.5 equiv)
OyOH EtsN (2 equiv)
NaH,PO, (3 equiv)

+  HP(O)Ph, -
OO THF : Cy = 1:1 (0.5 mL) OO

P(O)Ph,

T,12h
a b d

Entry T/°C Yiled/%?"

1 80 80

2 90 85

3 100 89

4 110 93

5 120 91

@Reaction conditions: a (34.4 mg, 0.2 mmol), b (80.9 mg, 0.4 mmol, 2equiv), Et;N (56uL, 0.4 mmol,
2equiv), NaH,PO, (52.8 mg, 0.6 mmol, 3 equiv) and Boc,0O (69 uL, 0.3 mmol, 1.5 equiv) were added

into a 25 mL Schlenk tube and heated at 80 °C for 12 h. *GC yield using dodecane as an internal

standard.
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4. Mechanistic studies.

Scheme 1. The bisphosporylation of benzoic anhydride.

O O OP(O)(OEt),
I I Ets3N (2 equiv)
o + (EtO),P(O)H > P(O)(OEt),
80°C, 4 h, Ny
1f, 0.2 mmol 1b, 2 equiv 1c, 40% GC yiled

Procedure B: 1f (45.2 mg, 0.2 mmol), 1b (52 pL, 0.4 mmol, 2equiv) and Et;N (56 pL, 2 equiv) were
added into a 25 mL Schlenk tube and heated at 80 °C for 4 hours. 1¢ was detected by GC in 40% yield.

Scheme 2. The addition and isomerization of acyl phosphoryl compound with P(O)H compound.

0 OP(O)Ph,
Na,COj (20 mol%
POPh, . php(ojH —22=0s (20 mol%e) P(O)Ph,
80°C, 4 h, N,
59, 0.2 mmol 50b, 1 equiv 5¢c, 45% isolated yiled

Procedure C: 5g (69.6 mg, 0.2 mmol), 50b (40.5 mg, 0.2 mmol, 1 equiv) and Na,CO; (4.2 mg, 0.04
mmol, 20 mol%) were added into a 25 mL Schlenk tube under N, and heated at 80 °C for 4 hours. 5c¢

were purified by column chromatography.

Scheme 3. The reduction reaction of bisphosphorylation compound.

OP(O)Ph, NaH,PO, (3 equiv)

©)\ - ©/\P(O)Ph2
P(O)Ph,  THF:Cy=1:1(0.5mL)

110°C, 12 h

50c, 0.2 mmol 1d, 41% GC yield

Procedure D: 50c (101.6 mg, 0.2 mmol) and NaH,PO, (52.8 mg, 0.6 mmol, 3 equiv) were added into a

25 mL Schlenk tube under N, and heated at 110 °C for 12 hours. 1d was observed by GC.
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Scheme 4. The experiment of Hammett analysis °.

o OP(O)(OEt),
‘ Boc,0 (2 equiv), Na,CO3 (20 mol%)
E)/ “OoH + (EtO),P(O)H > E )’ "P(O)(OEt),
80°C, 1h, Ny
R R
a, 0.2 mmol 1b, 2 equiv c
Entry -R Yield/%?

1 -OMe 33
2 -Me 32
3 -H 30
4 -F 30
5 -Cl 29
6 -Br 23
7 -CF5 22
8 -NO, 20

@Reaction condition: To a 25 mL Schlenk tube, carboxylic acid (a, 0.2 mmol), P(O)H compound (b, 2
equiv, 0.4 mmol), Na,CO; (4.2 mg, 20 mol%) and Boc,O (92 uL, 2 equiv, 0.4 mmol) were added under

N, atmosphere and stirred in 80 °C for 1 hour. °GC yield using dodecane as an internal standard.
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5. Application experiments.

Scheme 5. The reducing reaction of bisphosphorylation compound by silane.
OP(O)(OEY), AgOAc (3 equiv)

Ph,SiH; (3 equiv) - P(O)(OEt),
P(O)(OEY), Cy 1 mL

100°C, 2 h, N

1c, 0.2 mmol 19d, 85% isolated yield
Procedure E: To a 25 mL Schlenk tube were added 1c (76.0 mg, 0.2 mmol), AgOAc (100.2 mg, 0.6
mmol, 3 equiv), Ph,SiH, (111 pL, 0.6 mmol, 3 equiv) and Cy (1 mL). the mixture was stirred at 100 °C

for 2 hours. The reducing product was obtained by column chromatography.

Scheme 6. The gram scale reaction.

o) OP(O)(OEt),
| Boc,0 (2 equiv), Na,CO3 (20 mol%)
OH + (EtO),P(O)H > P(O)(OEt),
80 °C, 20 h, N,
1a, 5 mmol 1b, 2 equiv 1c, 70% isolated yield

Procedure F: Under N, atmosphere, to a 250 mL three-necked flask was added 1a (610.0 mg, 5 mmol),
Na,COs5 (106.0 mg, 1 mmol, 20 mol%), Boc,O (2.3 mL, 10 mmol, 2 equiv) and (EtO),P(O)H (1.3 mL,
10 mmol, 2 equiv). The mixture was stirred at 80 °C for 20 hours. 1¢ was obtained by column

chromatography in 70% (1.33 g) isolated yield.

Scheme 7. The preparation of olefin in one pot.
(1) AgOAG (3 equiv),Ph,SiH; (3 equiv)
OP(O)(OEt), Cy (1 mL), 100 °C, 2 h, N, R?2
RI“NP(OJOEY,  (2) BUOK (5 equv), RC(O}R® (15 equ) R Y.
DMF (1 mL), 60 °C,12 h, N, R®
c, 0.2 mol e

Procedure G: The compound ¢ was obtained like the procedure A, to a 25 mL Schlenk tube, ¢ (0.2
mmol), AgOAc (0.6 mmol, 100.2 mg, 3 equiv), Ph,SiH, (0.6 mmol, 111 pL, 3 equiv) and cyclohexane
(1 mL) were added and stirred at 100 °C for 2 hours. After cool to room temperature, ‘BuOK (1.0 mmol,
112.0 mg, 5 equiv) and aldehyde or ketone (0.3 mmol, 1.5 equiv) were added under N, atmosphere and

heated at 60 °C for 12 hours. The desired products were obtained by column chromatography.
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6. NMR Spectra

OP(O)(OEt),
P(O)(OEY),

(diethoxyphosphoryl)(phenyl)methyl diethyl phosphate (1c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (72.5 mg, 95% yield).'"H NMR (400 MHz): ¢ 7.53-7.51 (m, 2H), 7.40-7.32 (m, 3H),
5.55 (dd, J = 13.6, 10.4 Hz, 1H), 4.18-3.82 (m, 8H), 1.29-1.25 (m, 6H), 1.22 (td, J = 6.8, 6.8 Hz, 3H)
1.12 (td, J= 6.8, 0.8 Hz, 3H); 3C NMR (100 MHz): ¢ 133.4, 128.9 (d, Jcp =2.5 Hz), 128.2 (d, Jcp =1.6
Hz), 127.9 (d, Jc.p = 5.8 Hz), 74.5 (dd, Jcp = 171.1, 6.9 Hz), 63.9 (dd, Jcp = 21.0, 5.7 Hz), 63.3 (dd, Jc.
p=7.1,2.5Hz), 16.1 (dd, Jcp = 11.1, 5.7 Hz), 15.7 (dd, Jcp = 12.5, 7.2 Hz); 3'P NMR (162 MHz): 6
16.70 (d, J = 34.8 Hz), -1.15 (d, J = 35.0 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C;sH,50;P,:
381.1227; found: 381.1227.

OP(O)(OEt),
P(O)(OEt),

(diethoxyphosphoryl)(p-tolyl)methyl diethyl phosphate (2¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (72.0 mg, 91% yield).'H NMR (400 MHz): ¢ 7.40 (dd, J = 8.0, 2.0 Hz, 2H), 7.18 (d, /=
8.0 Hz, 2H) 5.51 (dd, J = 13.2, 10.4 Hz, 1H), 4.18-3.84 (m, 8H), 2.35 (d, /= 1.2 Hz, 3H), 1.30 (td, J =
7.2, 7.2 Hz, 3H), 1.27 (td, J = 6.8, 1.2 Hz, 3H), 1.22 (td, J= 7.2, 7.2 Hz, 3H) 1.13 (td, J = 6.8, 1.2 Hz,
3H); *C NMR (100 MHz): 6 138.8 (d, Jcp = 2.7 Hz), 129.0 (d, Jc.p = 1.6 Hz), 127.9 (d, Jcp = 1.6 Hz),
127.8 (d, Jcp = 6.0 Hz), 74.5 (dd, Jcp = 172.0, 6.9 Hz), 63.9 (dd, Jcp = 20.1, 5.7 Hz), 63.3 (d, Jcp = 6.7
Hz), 21.1, 16.2 (dd, Jc.p = 10.9, 5.8 Hz), 15.7 (dd, Jcp = 12.4, 7.2 Hz); *'P NMR (162 MHz): § 16.9 (d,
J=35.3Hz),-1.15 (d, J=35.3 Hz); HRMS (ESI) m/z: [M+H]" calcd. for CcH,30,P,: 385.1383; found:
381.1382.
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OP(O)(OEt),
P(O)(OEt),

(diethoxyphosphoryl)(m-tolyl)methyl diethyl phosphate (3¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (71.8 mg, 91% yield). '"H NMR (400 MHz): ¢ 7.32-7.15 (m, 3H), 7.16 (d, J = 7.2 Hz,
1H), 5.51 (dd, J = 13.6, 10.8 Hz, 1H), 4.18-3.85 (m, 8H), 2.36 (s, 3H), 1.30 (td, J = 7.2, 7.2 Hz, 3H),
1.27 (td, J=6.8, 1.2 Hz, 3H), 1.23 (td, J= 7.2, 7.2 Hz, 3H), 1.13 (td, J = 7.2, 1.2 Hz, 3H); 3C NMR
(100 MHz): 6 137.9, 133.3, 129.6 (d, Jcp = 2.4 Hz), 128.5 (d, Jcp = 6.0 Hz), 128.1, 124.9 (d, Jcp =5.9
Hz), 74.6 (dd, Jcp = 171.1, 6.9 Hz), 63.9 (dd, Jcp = 20.2, 5.7 Hz), 63.3 (dd, Jcp = 6.7, 5.1 Hz), 21.2,
16.2 (dd, Jcp = 11.2, 5.7 Hz), 15.7 (dd, Jcp = 13.2, 7.2 Hz); 3'P NMR (162 MHz): ¢ 16.82 (d, J = 35.0
Hz), -1.17 (d, J= 5.0 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C;sH,3507P,: 385.1383; found: 381.1385.

OP(O)(OEt),
P(O)(OEY),

(diethoxyphosphoryl)(o-tolyl)methyl diethyl phosphate (4c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
liget yellow oil (76.4 mg, 97% yield) '"H NMR (400 MHz): 6 7.65-7.64 (m, 1H), 7.27-7.21 (m, 2H),
7.18-7.16 (m, 1H), 5.83 (dd, J = 13.6, 10.4 Hz, 1H), 4.16-3.78 (m, 8H), 2.45 (s, 3H), 1.31 (td, J = 7.2,
7.2 Hz, 3H), 1.26 (td, J= 7.2, 0.8 Hz, 3H) 1.20 (td, /= 7.2, 7.2 Hz, 3H), 1.11 (td, /= 7.2, 0.8 Hz, 3H);
3C NMR (100 MHz): 6 136.1 (d, Jcp = 7.3 Hz), 131.9, 130.1, 128.6 (d, Jcp = 2.6 Hz), 128.1 (d, Jcp =
4.0 Hz), 125.8 (d, Jcp = 2.5 Hz), 70.7 (dd, Jcp = 173.0, 6.8 Hz), 63.8 (dd, Jc.p =22.7, 5.6 Hz), 63.2 (dd,
Jep = 7.8, 7.8 Hz), 19.3, 16.1 (dd, Jcp = 17.1, 5.8 Hz), 15.6 (dd, Jcp = 12.0, 7.2 Hz); 3'P NMR (162
MHz): 6 17.40 (d, J = 36.9 Hz), -0.98 (d, J = 36.9 Hz); HRMS (ESI) m/z: [M+H]* calcd. for
C15H2607P,: 385.1383; found: 385.1385.

OP(O)(OEt),

P(O)(OEt),

(diethoxyphosphoryl)(3,4,5-trimethylphenyl)methyl diethyl phosphate (Sc).
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Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light white solid (72.6 mg, 86% yield) '"H NMR (400 MHz): ¢ 7.06 (b, 2H), 5.38 (dd, J=13.2, 10.8 Hz,
1H), 4.08-3.80 (m, 8H), 2.20 (s, 6H), 2.08 (s, 3H), 1.24 (td, J = 7.2, 7.2 Hz, 3H), 1.21 (td, J= 6.8, 1.2
Hz, 3H), 1.17 (td, J = 7.2, 7.2 Hz, 3H), 1.07 (td, J = 7.2, 1.2 Hz, 3H); 13C NMR (100 MHz): ¢ 136.1,
135.8, 129.7, 126.8 (d, Jcp = 5.9 Hz), 74.5 (dd, Jcp = 171.7, 6.8 Hz), 63.7 (d, Jcp = 18.3, 5.6 Hz), 63.1
(dd, Jcp=7.2,7.2 Hz), 20.3, 16.1 (d, Jcp = 10.9, 5.7 Hz), 15.6 (dd, Jcp = 14.9, 7.2 Hz), 15.0; 3'P NMR
(162 MHz): ¢ 17.08 (d, J = 35.5 Hz), -1.19 (d, J = 35.3 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
Ci3H3,07P,: 423.1696; found: 423.1695.

OP(O)(OEt),
P(O)(OEt),

(4-(tert-butyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate (6¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (84.6 mg, 97% yield). 'H NMR (400 MHz): ¢ 7.45-7.38 (m, 4H), 5.52 (dd, J = 13.2,
10.0 Hz, 1H), 4.17-3.82 (m, 8H), 1.31 (s, 9H), 1.30 (td, J = 7.2, 7.2 Hz, 3H), 1.26 (td, J = 7.2, 1.2 Hz,
3H), 1.22 (td, J= 7.2, 7.2 Hz, 3H), 1.09 (td, /= 7.2, 0.8 Hz, 3H); *C NMR (100 MHz): 6 151.9 (d, Jcp
=2.6 Hz), 130.3, 127.6 (d, Jcp = 6.1 Hz), 125.2, 74.4 (dd, Jcp = 172.0, 6.9 Hz), 63.8 (d, Jcp = 18.3, 5.7
Hz), 63.2 (dd, Jcp = 6.4, 6.4 Hz), 34.4, 31.1, 16.1 (dd, Jcp = 14.5, 5.7 Hz), 15.6 (dd, Jcp = 15.4, 7.2
Hz); 3'P NMR (162 MHz): 6 16.97 (d, J = 36.3 Hz), -1.18 (d, J = 36.1 Hz); HRMS (ESI) m/z: [M+H]*
calcd. for C9H34,0,P,: 437.1853; found: 437.1852.

OP(O)(OEt),

Bu P(O)(OE),

‘Bu
(3,5-di-tert-butylphenyl)(diethoxyphosphoryl)methyl diethyl phosphate (7c). Flash column
chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil
(90.5 mg, 93% yield). 'H NMR (400 MHz): 6 7.39-7.34 (m, 3H), 5.55 (dd, Jcp = 12.8, 10.8 Hz, 1H),
4.18-3.83 (m, 8H), 1.32 (s, 18H), 1.29 (td, J = 7.2, 7.2 Hz, 3H), 1.25 (td, J= 7.2, 7.2 Hz, 3H), 1.20 (td, J
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=7.2,7.2 Hz), 1.08 (td, J=7.2, 7.2 Hz, 3H); *C NMR (100 MHz): 6 150.4, 132.3, 122.4, 122.1 (d, Jc.p
=59 Hz),75.1 (dd, Jcp=171.3, 6.9 Hz), 63.6 (dd, Jcp = 22.2, 5.5 Hz), 63.0 (dd, Jcp = 7.8, 7.8 Hz),
34.5,31.1,16.0 (dd, Jop = 17.4, 12.8 Hz), 15.5 (dd, Jcp = 11.1, 7.3 Hz); 3'P NMR (162 MHz): 6 16.98
(d, J=35.8 Hz), -1.19 (d, J = 35.6 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C3,H4,0O;P,: 493.2479;
found: 493.2480.

OP(O)(OEt),

P(O)(OEY),

~o

(diethoxyphosphoryl)(4-methoxyphenyl)methyl diethyl phosphate (8c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (75.4 mg, 92% yield). '"H NMR (400 MHz): 6 7.46 (dd, J = 8.4, 1.6 Hz, 2H), 6.91 (d, J
= 7.2 Hz, 2H), 5.49 (dd, J = 13.2, 10.4 Hz, 1H), 4.18-3.81 (m, 8H), 3.81 (s, 3H), 1.31 (td, J=7.2, 7.2
Hz, 3H) 1.28 (td, /= 7.2, 0.8 Hz, 3H), 1.21 (td, /= 7.2, 7.2 Hz, 3H), 1.13 (td, J = 7.2, 1.2 Hz, 3H); 13C
NMR (100 MHz): ¢ 160.0 (d, Jcp = 2.3 Hz), 129.4 (d, Jcp = 6.3 Hz), 125.3, 113.6, 74.1 (dd, Jcp =
173.9, 7.0 Hz), 63.7 (dd, Jcp = 21.0, 5.7 Hz), 63.2 (db, Jcp = 6.2 Hz), 16.1 (dd, Jcp = 11.8, 5.8 Hz),
15.6 (dd, Jcp = 13.2, 7.2 Hz); 3'P NMR (162 MHz): ¢ 16.98 (d, J = 36.6 Hz), -1.14 (d, J = 36.6 Hz);
HRMS (ESI) m/z: [M+H]" calcd. for CcH,505P,: 411.1332; found: 411.1331.

OP(O)(OEt),

MeO P(O)(OEH),

OMe

(diethoxyphosphoryl)(3,5-dimethoxyphenyl)methyl diethyl phosphate (9c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (77.5 mg, 88% yield). '"H NMR (400 MHz): 6 6.67 (b, 3H), 6.44 (b, 3H), 5.49 (dd, J =
13.2, 10.8 Hz, 1H), 4.20-3.88 (m, 8H), 3.79 (s, 6H), 1.33-1.24 (m, 9H), 1.18 (td, J = 7.2, 7.2 Hz, 3H);
3C NMR (100 MHz): 6 160.4 (d, Jcp = 1.8 Hz), 135.4, 105.6 (d, Jcp = 5.7 Hz), 101.0 (d, Jop = 2.5 Hz),
74.5 (dd, Jcp = 170.5, 6.9 Hz), 63.8 (dd, Jcp = 17.5, 5.7 Hz), 63.3 (dd, Jcp = 7.0, 4.1 Hz), 55.1, 16.1,
(dd, Jcp = 9.4, 5.7 Hz), 15.6 (dd, Jcp = 8.6, 7.3 Hz); *'P NMR (162 MHz): ¢ 16.5 (d, J = 34.0 Hz), -
1.20 (d, J = 34.0 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C;7;H3009P,: 441.1438; found: 441.1439.
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OP(O)(OEt),
P(O)(OEt),

F
(diethoxyphosphoryl)(4-fluorophenyl)methyl diethyl phosphate (10c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (70.0 mg, 88% yield). 'H NMR (400 MHz): 6 7.54-7.50 (m, 2H), 7.08 (dt, J = 8.8, 8.8
Hz, 2H), 5.53 (dd, J = 13.2 Hz, 10.4 Hz, 1H), 4.19-3.86 (m, 8H), 1.32-1.27 (m, 6H), 1.23 (td, J = 7.2,
7.2 Hz, 3H), 1.14 (td, J = 7.2, 0.8 Hz, 3H); *C NMR (100 MHz): ¢ 163.0 (dd, Jc.r = 246.6 Hz, Jcp =
2.7 Hz), 129.8 (dd, Jc.r = 35.2 Hz, Jcp = 6.2 Hz), 129.5 (b), 115.3 (dd, Jcr = 21.6 Hz, Jcp = 1.3 Hz),
73.8 (dd, Jcp = 172.6, 6.9 Hz), 64.0 (dd, Jcp =22.2, 5.8 Hz), 63.4 (dd, Jcp = 6.6, 6.6 Hz), 16.2 (dd, Jcp
=10.3, 5.7 Hz), 15.8 (dd, Jcp = 11.7, 7.2 Hz); 3'P NMR (162 MHz): 6 16.47 (dd, Jpp = 35.2 Hz, Jrp =
4.4 Hz), -1.094 (d, J = 35.3 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,5H,507;FP;: 399.1132; found:
399.1127.

OP(O)(OEt),
P(O)(OEt),
Cl
(4-chlorophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (11c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (77.0 mg, 93% yield). '"H NMR (400 MHz): ¢ 7.48-7.45 (dd, J = 8.4, 2.0 Hz, 2H), 7.36
(d, 8.4 Hz, 1H), 5.53 (dd, J =13.6, 10.4 Hz, 1H), 4.20-3.89 (m, 8H), 1.30 (td, /= 7.2, 7.2 Hz, 3H), 1.30
(td, J=17.2, 1.2 Hz, 3H), 1.25 (td, J = 7.2, 7.2 Hz, 3H), 1.16 (td, J = 7.2, 0.8 Hz, 3H); '3C NMR (100
MHz): 6 134.8 (d, Jc.p = 3.3 Hz), 132.2, 129.1 (d, Jcp = 5.8 Hz), 128.5 (d, Jcp = 1.6 Hz), 73.8 (dd, Jcp
=171.5, 6.9 Hz), 64.0 (dd, Jcp = 21.0, 5.8 Hz), 63.4 (dd, Jc.p = 7.3, 7.3 Hz), 16.2 (dd, Jcp = 8.0, 5.8
Hz), 15.7 (dd, Jcp = 9.4, 7.2 Hz); 3P NMR (162 MHz): ¢ 16.17 (d, J = 34.3 Hz), -1.13 (d, /= 34.3 Hz);

HRMS (ESI) m/z: [M+H]* calcd. for C;sH,50,CIP,: 415.0837; found: 415.0837.

OP(O)(OEty)
P(O)(OEt,)
Br

(4-bromophenyl)(phosphoryl)methyl phosphenite compound with ethoxyethane (12c).
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Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (72.4 mg, 85% yield). '"H NMR (400 MHz): ¢ 7.52 (d, J = 8.4 Hz, 2H), 7.39 (d, /= 8.4,
2.0 Hz, 2H), 5.51 (dd, J = 14.0, 10.8 Hz, 1H), 4.20-3.86 (m, 8H), 1.30 (td, J= 7.2, 7.2 Hz, 3H), 1.29 (td,
J=7.2,7.2Hz, 3H), 1.25 (td, J= 7.2, 7.2 Hz, 3H), 1.17 (td, J = 7.2, 0.8 Hz, 3H); 3*C NMR (100 MHz):
0132.7,131.4 (d, Jcp = 1.6 Hz), 129.4 (d, Jcp = 5.7 Hz), 123.0 (d, Jc.p = 3.4 Hz), 73.8 (dd, Jcp=171.3,
6.9 Hz), 64.0 (dd, Jcp = 20.6, 5.8 Hz), 63.4 (dd, Jcp = 7.4,7.4 Hz), 16.2 (dd, Jcp = 7.7, 5.9 Hz), 15.8
(dd, Jc.p = 8.7, 7.4 Hz); 3'P NMR (162 MHz): § 16.00 (d, J = 34.0 Hz), -1.13 (d, J = 34.2 Hz); HRMS
(ESI) m/z: [M+H]" calcd. for C{sH,50,BrP,: 459.0332; found: 459.0334.

OP(O)(OEt),
P(O)(OEt),
I
(diethoxyphosphoryl)(4-iodophenyl)methyl diethyl phosphate (13c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (84.0 mg, 83% yield). 'H NMR (400 MHz): ¢ 7.72 (d, J = 8.0 Hz, 2H ), 7.25 (dd, J =
8.4, 2.0 Hz, 2H), 5.49 (dd, J = 13.6, 10.4 Hz, 1H), 4.19-3.86 (m, 8H), 1.31-1.28 (m, 6H), 1.25 (td, J =
7.2,7.2 Hz, 3H), 1.16 (td, J= 7.2, 0.8 Hz, 3H); 13C NMR (100 MHz): 6 137.4 (d, Jcp = 1.8 Hz), 133.4,
129.5 (d, Jcp =5.7 Hz), 94.8 (d, Jc.p = 3.6 Hz), 74.0 (dd, Jcp = 171.0, 6.9 Hz), 64.1 (dd, Jcp=19.8, 5.8
Hz), 63.5 (dd, Jcp = 7.7, 7.7 Hz), 16.3 (dd, Jcp = 7.3, 6.1 Hz), 15.9 (dd, Jcp = 7.9, 7.9 Hz); 3'P NMR
(162 MHz): ¢ 16.0 (d, J = 33.9 Hz), -1.12 (d, J = 32.4 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C15Hp5071P,: 507.0193; found: 507.0191.
OP(O)(OEY),
P(O)(OEt),
F5C
(diethoxyphosphoryl)(4-(trifluoromethyl)phenyl)methyl diethyl phosphate (14c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (78.9 mg, 88% yield). 'H NMR (400 MHz): 6 7.67-7.62 (m, 4H), 5.62 (dd, J = 14.0,
10.4 Hz, 1H), 4.19-3.91 (m, 8H), 1.30 (td, J= 7.2, 0.8 Hz, 3H), 1.29 (td, /= 7.2, 7.2 Hz, 3H), 1.27 (td, J
=7.2,7.2 Hz, 3H), 1.17 (td, J= 7.2, 0.8 Hz, 3H); 3C NMR (100 MHz): 6 137.9, 131.0 (dq, Jc.r = 32.2,
Jep=2.8 Hz), 128.1 (d, Jcp = 5.4 Hz), 125.3 (b), 123.8 (q, Jcr = 270.6 Hz), 74.0 (dd, Jcp = 169.6, 6.7
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Hz), 64.3 (dd, Jcp = 20.8, 5.8 Hz), 63.7 (dd, Jcp = 11.9, 7.1 Hz), 16.3 (dd, Jcp = 6.3, 6.3 Hz), 15.8 (dd,
Jep=9.5,7.1 Hz); 3'P NMR (162 MHz): 6 15.80 (d, /= 32.2 Hz), -1.071 (d, J = 32.7 Hz); HRMS (ESI)
m/z: [M+H]" calcd. for CiHpsF307P,: 449.1100; found: 449.1101.

OP(O)(OEt),

FC P(O)(OEY),

CF,
(3,5-bis(trifluoromethyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate (15c¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (82.6 mg, 80% yield). 'H NMR (400 MHz): 6 7.96 (s, 2H), 7.87 (s, 1H), 5.70 (dd, J =
14.4,10.4 Hz, 1H), 4.20-3.98 (m, 8H), 1.33 (td, /= 6.8, 6.8 Hz, 3H), 1.30 (td, /= 7.2, 7.2 Hz, 3H), 1.28
(td, J=17.2,7.2 Hz, 3H), 1.19 (td, J = 7.2, 7.2 Hz, 3H); 3C NMR (100 MHz): ¢ 137.0, 131.7 (qd, Jcr =
50.1, Jep = 1.9 Hz), 127.7 (b), 123.0 (q, Jcr = 270.1 Hz), 122.5-122.4 (m), 73.4 (dd, Jcp = 169.7, 6.7
Hz), 64.4 (dd, Jcp = 20.7, 5.9 Hz), 63.9 (dd, Jcp = 6.4, 6.4 Hz), 16.2 (db, Jcp = 5.6 Hz), 15.7 (dd, Jcp =
14.5, 7.0 Hz); 3'P NMR (162 MHz): J 14.69 (d, J = 32.4 Hz), -1.07 (d, J = 32.4 Hz); HRMS (ESI) m/z:
[M+H]* calcd. for C;7H,4FsO;P,: 517.0974; found: 517.0974.

OP(O)(OEt),
P(O)(CEt),

NC

(4-cyanophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (16c).

Like the procedure A but Et;N (lequiv) instead of Na,CO3 (20 mol%). Flash column chromatography

(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil (45.4 mg, 56%

yield). 'H NMR (400 MHz): ¢ 7.69 (d, J = 8.0 Hz, 2H), 7.62 (dd, J = 8.4, 1.6 Hz, 2H), 5.61 (dd, J =

14.8, 10.8 Hz, 1H), 4.21-3.92 (m, 8H), 1.31 (td, /= 7.2, 0.8 Hz, 3H), 1.29 (td, /= 7.2, 7.2 Hz, 3H), 1.28

(td, J= 7.2, 7.2 Hz, 3H), 1.19 (td, /= 7.8, 0.8 Hz, 3H); '*C NMR (100 MHz): ¢ 139.1, 131.9 (d, Jcp =

2.0 Hz), 128.1 (d, Jcp = 5.3 Hz), 118.2, 112.5 (d, Jcp = 2.8 Hz), 73.8 (dd, Jcp = 168.8, 6.7 Hz), 64.2

(dd, Jcp =21.0, 5.9 Hz), 63.6 (dd, Jcp = 13.1, 7.1 Hz), 16.2 (dd, Jcp = 5.3, 5.3 Hz), 15.8 (dd, Jcp = 6.6,

6.6 Hz); 3'P NMR (162 MHz): ¢ 15.35 (d, J = 32.4 Hz), -1.04 (d, J = 32.2 Hz); HRMS (ESI) m/z:

[M+H]* calcd. for C;sH,sNO;P,: 437.1853; found: 437.1854.
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OP(O)(OEt),
P(O)(OEt),

O,N
(diethoxyphosphoryl)(4-nitrophenyl)methyl diethyl phosphate (17¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (48.4 mg, 57% yield). "H NMR (400 MHz): 6 8.25 (d, J = 8.8 Hz, 2H), 7.69 (dd, J = 8.8,
2.0 Hz, 2H), 5.67 (dd, J = 14.8, 10.4 Hz, 1H), 4.23-3.93 (m, 8H), 1.32 (td, J = 7.2, 7.2 Hz, 3H), 1.31-
1.27 (m, 6H), 1.20 (td, J = 7.2, 7.2 Hz, 3H); 13C NMR (100 MHz): ¢ 148.0 (d, Jc.r = 3.2 Hz), 141.1,
128.4 (d, Jocp = 5.3 Hz), 123.4 (d, Jc.p = 2.1 Hz), 73.7 (dd, Jcp = 168.3, 6.6 Hz), 64.4 (dd, Jcp = 20.6,
5.9 Hz), 63.7 (dd, Jcp = 12.5, 7.0 Hz), 16.3 (dd, Jcp = 4.4, 4.4 Hz), 15.9 (dd, Jcp = 6.9, 5.5 Hz); 3'P
NMR (162 MHz): 6 15.15 (d, J=31.8 Hz), -1.04 (d, /= 31.9 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C15Hy5sNOyP,: 426.1077; found: 426.1078.

OP(O)(OEt),
P(O)(OEt),

/S\\O
(diethoxyphosphoryl)(4-(methylsulfonyl)phenyl)methyl diethyl phosphate (18c).
Like the procedure A but Et;N (lequiv) instead of Na,CO3 (20 mol%). Flash column chromatography
(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil (64.1 mg, 70%
yield). 'H NMR (400 MHz): ¢ 7.97 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 6.8 Hz, 2H), 5.68 (dd, J = 14.8,
10.8 Hz, 1H), 4.19-3.97 (m, 8H), 3.07 (s, 3H), 1.34-1.28 (m, 9H), 1.20 (td, J = 7.2, 7.2 Hz, 3H); 13C
NMR (100 MHz): 6 140.6 (d, Jcp = 3.0 Hz), 139.9, 128.3 (d, Jcp = 5.2 Hz), 127.3 (d, Jcp = 1.3 Hz),
73.7 (dd, Jcp = 168.4, 6.6 Hz), 64.3 (dd, Jcp = 19.4, 5.9 Hz), 63.7 (dd, Jcp = 18.6, 7.1 Hz), 44.3 16.2
(dd, Jep = 6.4, 6.4 Hz), 15.8 (dd, Jcp = 6.3, 6.3 Hz); 3'P NMR (162 MHz): ¢ 15.28 (d, /= 31.8 Hz), -
1.17 (d, J=31.9 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C;¢H,504P,S: 459.1002; found: 459.1002.

Ph  OP(O)(OEt),
P(O)(OEt),

[1,1'-biphenyl]-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (19c¢).
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Like the procedure A but Et;N (lequiv) instead of Na,CO3 (20 mol%). Flash column chromatography
(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil (79.3 mg, 87%
yield). '"H NMR (400 MHz): 6 7.83 (db, J = 7.2 Hz, 1H), 7.49-7.34 (m, 7H), 7.26 (db, J = 7.2 Hz, 1H),
5.74 (dd, J=13.2, 10.0 Hz, 1H), 4.10-3.83 (m, 8H), 1.30-1.08 (m, 12H); 13C NMR (100 MHz): ¢ 142.1
(d, Jep = 8.2 Hz), 139.7, 131.2, 129.7, 129.4, 128.7 (d, Jcp = 3.7 Hz), 128.6 (d, Jcp = 2.4 Hz), 128.0,
127.3 (d, Jcp = 2.4 Hz), 127.2, 70.9 (dd, Jcp = 172.9, 7.3 Hz), 63.7 (dd, Jcp = 8.5, 5.7 Hz), 63.1 (dd,
Jep=21.8,7.0 Hz), 16.1 (dd, Jcp = 14.1, 5.6 Hz), 15.5 (dd, Jc.p = 6.9, 5.2 Hz); 3'P NMR (162 MHz): ¢
17.1 (d, J = 38.39 Hz), -1.65 (d, J = 38.39 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,;H3007P5:
457.1540; found: 457.1539.

OP(O)(OEt),
P(O)(OEY)

Ph
[1,1'-biphenyl]-4-yl(diethoxyphosphoryl)methyl diethyl phosphate (20c¢).
Like the procedure A but Et;N (lequiv) instead of Na,CO3 (20 mol%). Flash column chromatography
(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light white solid (65.7 mg, 72%
yield) '"H NMR (400 MHz): ¢ 7.63-7.57 (m, 6H), 7.45 (dd, J = 7.2, 7.2 Hz, 2H), 7.36 (dd, J=17.2, 7.2
Hz, 1H), 5.60 (dd, J = 13.6, 10.8 Hz, 1H), 4.21-3.86 (m, 8H), 1.31 (td, /= 7.2, 7.2 Hz, 3H), 1.29 (td, J =
7.2, 7.2 Hz, 3H), 1.25 (td, J = 7.2, 7.2 Hz, 3H), 1.15 (td, J = 7.2, 7.2 Hz, 3H); 3*C NMR (100 MHz): §
141.7 (d, Jcp = 2.7 Hz), 140.3, 132.6, 128.8, 128.4, 128.3, 127.5, 127.0, 74.5 (dd, Jcp = 171.2, 6.8 Hz),
64.0 (dd, Jcp = 18.9, 5.8 Hz), 63.5 (dd, Jcp = 6.7, 6.7 Hz), 16.3 (dd, Jcp = 10.2, 5.8 Hz), 15.8 (dd, Jcp
= 11.1, 7.2 Hz); *'P NMR (162 MHz): 6 16.70 (d, J = 35.0 Hz), -1.03 (d, J = 35.0 Hz); HRMS (ESI)
m/z: [M+H]" calcd. for C,1H3007P,: 457.1540; found: 457.1537.

OP(O)(OEt),

P<O)(0Et)2

(diethoxyphosphoryl)(naphthalen-2-yl)methyl diethyl phosphate (21c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (77.4 mg, 90% yield). '"H NMR (400 MHz): 6 7.99 (b, 1H), 7.89-7.85 (m, 3H), 7.67 (db,

J=17.6 Hz, 1H), 7.54-7.50 (m, 2H), 5.73 (dd, J = 13.6, 10.8 Hz, 1H), 4.20-3.85 (m, 8H), 1.31 (tb, J =
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7.2,7.2 Hz, 3H), 1.29 (td, J = 7.2, 0.8 Hz, 3H), 1.23 (td, J = 7.2, 0.8 Hz, 3H), 1.09 (tb, J= 7.2, 0.8 Hz,
3H); 3C NMR (100 MHz): ¢ 133.4 (d, Jep = 1.6 Hz), 132.8 (d, Jep = 1.6 Hz), 131.0, 128.1, 127.6,
127.6, 127.5, 126.6, 126.3, 125.1 (d, Jo.p = 4.3 Hz), 74.9 (dd, Jep = 171.1, 6.8 Hz), 64.0 (dd, Jep = 22.7,
5.7 Hz), 63.5 (dd, Jop = 6.9, 4.4 Hz), 16.3 (dd, Jep = 10.3, 5.7 Hz), 15.9 (dd, Jep = 15.1, 7.1 Hz); 3'P
NMR (100 MHz): § 16.69 (d, J = 34.5 Hz), -1.00 (d, J = 34.5 Hz); HRMS (ESI) m/z: [M+H]* calcd. for
C1oHa504P5: 431.1383; found: 431.1380.

(EtO)o(O)PO.__P(O)(OEt),

(diethoxyphosphoryl)(naphthalen-1-yl)methyl diethyl phosphate (22c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (78.2 mg, 91% yield). "H NMR (400 MHz): ¢ 8.22 (d, /= 8.0 Hz, 1H), 7.87 (d, /= 8.0
Hz, 1H), 7.58-7.49 (m, 3H), 6.39 (dd, J = 13.6, 11.2 Hz, 1H), 4.19-3.73 (m, 8H), 1.29 (tb, J=7.2, 7.2
Hz, 3H), 1.22 (tb, J = 7.2, 1.2 Hz, 3H), 1.05 (tb, J= 7.2, 0.4 Hz, 3H), 1.01 (tb, /= 7.2, 0.8 Hz, 3H); 3C
NMR (100 MHz): ¢ 133.5, 130.6 (d, Jc.p = 5.4 Hz), 129.6 (d, Jcp = 10.6 Hz), 129.6, 128.5, 127.1, 126 .4,
125.8, 125.0 (d, Jep = 2.8 Hz), 123.7, 73.4 (dd, Jcp = 177.5, 6.8 Hz), 64.0 (dd, Jcp = 25.0, 5.6 Hz),
63.5 (dd, Jcp=6.9, 4.4 Hz), 16.2 (dd, Jcp = 26.3, 5.8 Hz), 15.7 (dd, Jcp = 17.4, 7.2 Hz); *'P NMR (162
MHz): 6 16.96 (d, J = 34.67 Hz), -1.04 (dd, J = 34.83 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C19H230,P,: 431.1383; found: 431.1386.

OP(O)(OEt),

a P(O)(OEY),
0]

(diethoxyphosphoryl)(thiophen-3-yl)methyl diethyl phosphate (23c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (40.1 mg, 52% yield). '"H NMR (400 MHz): 6 7.64 (b, 1H), 7.43 (b, 1H), 6.64 (b, 1H),
5.57 (dd, J=13.2,10.0 Hz, 1H), 4.24-3.90 (m, 8H), 1.34 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.32 (tb, Jcp = 7.2,
0.8 Hz, 3H), 1.28 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.20 (tb, Jcp = 7.2, 1.2 Hz, 3H); 13C NMR (100 MHz): ¢
143.4,142.2 (d, Jcp = 11.3 Hz), 118.7, 110.0 (d, Jc.p = 3.3 Hz), 67.2 (dd, Jcp = 178.4, 7.0 Hz), 63.9 (dd,

Jop = 6.3, 3.4 Hz), 63.4 (dd, Jep = 6.3, 3.4 Hz), 163 (dd, Jop = 9.1, 5.9 Hz), 15.8 (dd, Jep = 14.1, 7.1
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Hz); 3'P NMR (162 MHz): 6 16.61 (d, J = 34.2 Hz), -1.09 (d, J = 34.2 Hz); HRMS (ESI) m/z: [M+H]"
calcd. for C3H,404P5: 371.1019; found: 371.1018.

S P(O)(OEt),

Benzo[b]thiophen-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (24c¢).

Et;N (lequiv) was used instead of Na,CO3 (20 mol%). Flash column chromatography (silica gel: DCM
to DCM : EA = 2:1) afforded the title compound as a light yellow oil (41.9 mg, 48% yield). 'H NMR
(400 MHz): 6 7.83-7.76 (m, 2H), 7.52 (d, Jc.p = 2.8 Hz, 1H), 7.38-7.31 (m, 2H), 5.93 (dd, J = 14.0, 10.8
Hz, 1H), 4.26-3.89 (m, 8H), 1.34 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.32 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.29 (tb,
Jep=17.2,7.2 Hz, 3H), 1.13 (tb, Jcp = 7.2, 7.2 Hz, 3H); 3C NMR (100 MHz): ¢ 140.2, 138.6, 136.0,
125.3 (d, Jcp=9.0 Hz), 124.8, 124.3, 123.9, 122.1, 70.9 (dd, Jcp = 176.9, 7.1 Hz), 64.1 (dd, Jcp=17.4,
5.8 Hz), 63.7 (dd, Jcp = 6.2, 4.1 Hz), 16.2 (dd, Jcp = 7.2, 6.3 Hz) 15.7 (dd, Jcp = 16.5, 7.1 Hz); >'P
NMR (162 MHz): ¢ 15.05 (d, J=32.2 Hz), -1.22 (d, J = 32.1 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C17H,607P,S: 437.0947; found: 431.0948.

<jf\>_<op(0)(oa)2
O  P(O)(OEt),

Benzofuran-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (25c).

Et;N (lequiv) was used instead of Na,CO3 (20 mol%). Flash column chromatography (silica gel: DCM
to DCM : EA = 2:1) afforded the title compound as a light yellow oil (41.9 mg, 48% yield). 'H NMR
(400 MHz): 6 7.29 (d, Jc.p = 8.0 Hz, 1H), 1.50 (d, Jcp = 8.4 Hz, 1H), 7.33 (dd, Jcp = 7.2, 7.2 Hz, 1H),
7.25 (dd, Jep=7.2,7.2 Hz, 1H), 7.02 (d, Jcp = 2.4 Hz, 1H), 5.78 (dd, /= 15.6, 10.4 Hz, 1H), 4.30-3.92
(m, 8H), 1.37 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.31 (tb, Jcp = 7.2, 7.2 Hz, 3H), 1.31 (tb, Jcp = 7.2, 7.2 Hz,
3H), 1.12 (tb, Jcp = 7.2, 0.8 Hz, 3H); 13C NMR (100 MHz): ¢ 155.1, 149.2, 127.5, 125.2, 123.1, 121.6,
111.4, 108.4 (d, Jcp = 6.8 Hz), 68.2 (dd, Jcp = 176.1, 7.2 Hz), 64.2 (dd, Jcp = 16.6, 5.9 Hz), 63.9 (dd,
Jep=32.5,5.8 Hz), 16.3 (dd, Jcp = 10.4, 5.6 Hz), 15.8 (dd, Jcp = 18.2, 7.1 Hz); *'P NMR (162 MHz):
0 14.11 (d, J = 32.2 Hz), -1.20 (d, J = 32.2 Hz); HRMS (ESI) m/z: [M+H]"* calcd. for C;7H,504P>:
421.1176; found: 421.1176.
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OP(O)(OEt),

= P(O)(OEt),

\N

(diethoxyphosphoryl)(quinolin-6-yl)methyl diethyl phosphate (26c¢).

Et;N (lequiv) was used instead of Na,CO3 (20 mol%). Flash column chromatography (silica gel: DCM
to DCM : EA = 2:1) afforded the title compound as a light yellow oil (69.0 mg, 80% yield). 'H NMR
(400 MHz): 6 8.94 (db, J = 3.2 Hz, 1H), 8.19 (d, /= 8.0 Hz, 1H), 8.14 (d, J = 8.8 Hz, 1H), 7.99 (b, 1H),
7.90 (db, J = 8.8 Hz, 1H), 7.45 (dd, J = 8.8, 4.0 Hz, 1H), 5.78 (dd, J = 13.6, 10.4 Hz, 1H), 4.23-3.87 (m,
8H), 1.31 (tb, J=7.2, 7.2 Hz, 3H), 1.30 (tb, J= 7.2, 7.2 Hz, 3H), 1.25 (tb, J=7.2, 7.2 Hz, 3H), 1.11 (tb,
J = 7.2 Hz, 3H); 3C NMR (100 MHz): ¢ 150.9, 148.0, 136.1, 131.9, 129.4, 128.4 (d, Jcp = 4.1 Hz),
127.5, 127.2 (d, Jcp = 7.5 Hz), 121.4, 74.2 (dd, Jcp = 170.7, 6.9 Hz), 63.9 (dd, Jcp = 23.6, 5.8 Hz),
63.5 (dd, Jcp =9.7, 7.3 Hz), 16.1 (dd, Jcp = 8.3, 5.8 Hz), 15.7 (dd, Jcp = 13.9, 7.0 Hz). 3'P NMR (162
MHz): ¢ 16.1 (d, J = 34.0 Hz), -1.17 (d, J = 34.0 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C1sH27NO;P,: 432.1336; found: 431.1336.

OP(O)(OEt),

/N | P(O)(OEt),
A

(diethoxyphosphoryl)(quinolin-2-yl)methyl diethyl phosphate (27c¢).

Et;N (lequiv) was used instead of Na,CO3 (20 mol%). Flash column chromatography (silica gel: DCM
to DCM : EA = 2:1) afforded the title compound as a light yellow oil (35.3 mg, 41% yield). '"H NMR
(400 MHz): ¢ 8.22 (d, /= 8.8 Hz, 1H), 8.10 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.76-7.71 (m,
2H), 7.60 (dd, J = 7.6, 7.6 Hz, 1H), 5.89 (dd, J = 14.4, 10.8 Hz, 1H), 4.26-4.02 (m, 8H), 1.32 (tb, J =
7.2,7.2 Hz, 3H), 1.26-1.23 (m, 6H), 1.18 (tb, J= 7.2, 7.2 Hz, 3H); *C NMR (100 MHz): 0 154.1, 147.3,
136.8, 129.8, 129.3, 127.7, 127.6, 127.0, 119.8, 76.3 (dd, Jcp = 172.1, 7.8 Hz), 64.3 (dd, Jcp = 6.2, 6.2
Hz), 63.7 (dd, Jcp = 11.4, 6.8 Hz), 16.3 (dd, Jc.p = 7.6, 6.0 Hz), 15.9 (db, Jcp = 7.0 Hz); 3'P NMR (162
MHz): 6 1546 (d, J = 33.2 Hz), -1.29 (d, J = 33.3 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C1sH,7NOP,: 432.1336; found: 431.1335.

OP(O)(OEt),

/\/\)\P(O)(OEt)z
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1-(diethoxyphosphoryl)hexyl diethyl phosphate (28c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (55.4 mg, 74% yield). 'H NMR (400 MHz): ¢ 4.67-4.59 (m, 1H), 4.24-4.10 (m, 8H),
1.93-1.83 (m, 2H), 1.63-1.43 (m, 2H), 1.38-1.33 (m, 16H), 0.90 (t, J = 6.8 Hz, 3H); '*C NMR (100
MHz): ¢ 73.1 (dd, Jc.p = 168.8, 7.3 Hz), 63.8 (db, Jcp = 5.9 Hz), 62.7 (db, Jcp = 5.7 Hz), 31.2, 30.8 (d,
Jep=2.1Hz), 24.8 (d, Jcp = 10.4 Hz), 22.2, 16.3 (dd, Jcp = 5.3, 5.3 Hz), 15.9 (dd, Jcp = 7.0, 3.0 Hz),
13.8; 3P NMR (162 MHz): 6 20.22 (d, J=21.7 Hz), -1.11 (d, J = 21.8 Hz); HRMS (ESI) m/z: [M+H]*
calcd. for C4H3,0,P,: 375.1696; found: 375.1697.

WO)(OEDZ

OP(O)(OEt),
1-(diethoxyphosphoryl)-4-phenylbutyl diethyl phosphate (29c¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (53.2 mg, 63% yield). '"H NMR (400 MHz): ¢ 7.28-7.24 (m, 2H), 7.17 (d, J = 7.6 Hz,
3H), 4.70-4.62 (m, 1H), 4.21-4.04 (m, 8H), 2.70-2.63 (m, 2H), 1.97-1.80 (m, 4H), 1.33 (tb, J=7.2, 7.2
Hz, 3H), 1.34-1.31 (m, 6H), 1.29 (tb, /= 7.2, 0.8 Hz, 3H); '*C NMR (100 MHz): J 141.5, 128.2, 128.1,
125.7, 72.7 (dd, Jcp = 169.1, 7.2 Hz), 63.8 (db, Jcp = 5.9 Hz), 62.6 (db, Jcp = 6.7 Hz), 35.1, 30.3 (d,
Jep = 1.8 Hz), 26.7 (d, Jcp = 10.3 Hz), 16.3 (dd, Jcp = 5.2, 5.2 Hz), 15.8 (db, Jc.p = 7.1 Hz); 3'P NMR
(162 MHz): 6 19.9 (d, J = 22.2 Hz), -1.05 (d, J = 22.2 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
Ci13H3,07P,: 423.1696; found: 423.1696.

O P(O)(OEt),
OP(O)(OEt),

1-(diethoxyphosphoryl)-2,2-diphenylethyl diethyl phosphate (30c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (80.8 mg, 86% yield). 'H NMR (400 MHz): § 7.49 (db, J = 7.2 Hz, 2H), 7.37 (db, J =
7.2 Hz, 2H), 7.32-7.15 (m, 6H), 5.57-5.50 (m, 1H), 4.55 (dd, J = 8.4, 8.4 Hz, 1H), 4.10-3.17 (m, 8H),
1.27 (td, J=7.2, 1.8 Hz, 3H), 1.13 (td, J = 7.2, 7.2 Hz, 3H), 1.11 (td, /= 7.2, 7.2 Hz, 3H), 0.94 (td, J =
7.2, 1.2 Hz, 3H); 3C NMR (100 MHz): ¢ 139.9 (d, Jcp = 11.0 Hz), 139.8 (d, Jcp = 5.1 Hz), 129.3,
128.7, 128.4 (d, Jcp = 5.7 Hz), 126.9, 75.5 (dd, Jcp = 165.1, 5.4 Hz), 63.9 (db, Jcp = 6.1 Hz), 63.1 (db,
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Jep= 4.0 Hz), 62.5 (dd, Jc.p = 24.5, 7.0 Hz), 53.3 (dd, Jcp = 4.1, 4.1 Hz), 16.1 (dd, Jcp = 5.2, 5.2 Hz),
15.8 (dd, Jc.p = 11.3, 7.5 Hz); 3'P NMR (162 MHz): ¢ 18.87 (d, J = 10.0 Hz), -2.06 (d, J = 10.0 Hz);
HRMS (ESI) m/z: [M+H]* calcd. for C,,H3,0,P;: 471.1696; found: 471.1695.

OP(O)(OEt),
P(O)(OEt),

1-(diethoxyphosphoryl)-2-ethylhexyl diethyl phosphate (31c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (50.7 mg, 63% yield). The product is a mixture of two isomers (2:3). 'H NMR (400
MHz): § 4.79-4.71 (m, 1H), 4.23-4.09 (m, 8H), 1.82-1.26 (m, 21H), 0.98-0.89 (m, 6H); 3C NMR (100
MHz): 6 74.8 (dd, Jcp = 166.9, 7.8 Hz), 62.6-62.4 (m), 42.1, 29.6-29.0 (m), 23.2-22.6 (m), 16.3 (dd, Jc.
p=4.7,4.7 Hz), 13.9, 11.9; 3'P NMR (162 MHz): ¢ 20.47-20.30(m), -0.92-(-1.05) (m); HRMS (ESI)
m/z: [M+H]* calcd. for C;sH360,P,: 403.2009; found: 403.2009.

OP(O)(OEt),
P(O)(OEt),

(4-(tert-butyl)cyclohexyl)(diethoxyphosphoryl)methyl diethyl phosphate (32c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (63.7 mg, 72% yield). The product is a mixture of two isomers (8:2). 'H NMR (400
MHz):6 4.55-4.49 (m, 1H), 4.25-4.09 (m, 8H), 2.22-0.8 (m, 22H), 0.85-0.84 (m, 9H); 3C NMR (100
MHz): 6 74.9 (dd, Jcp = 166.5, 7.8 Hz), 63.9 (d, Jcp = 6.0 Hz), 47.4, 39.5, 32.2, 27.8-26.7 (m), 21.8 (d,
Jep=76.7 Hz), 16.3 (dd, Jcp = 6.1, 6.1 Hz), 16.0 (dd, Jcp = 6.9, 3.2 Hz); 3'P NMR (162 MHz): 6 19.85
(d, J=19.9 Hz), -1.03 (d, J = 19.6 Hz), HRMS (ESI) m/z: [M+H]" calcd. for C19H4,O;P;: 443.2322;
found: 443.2318.

P(O)(OEt),

OP(O)(OEt),

Cyclopropyl(diethoxyphosphoryl)methyl diethyl phosphate (33¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a

S25



light yellow oil (53.7 mg, 78% yield). 'H NMR (400 MHz): 6 4.27-4.12 (m, 8H), 3.94-3.91 (m, 1H),
1.38-1.29 (m, 12H), 0.78-0.71 (m, 3H), 0.59-0.54 (m, 1H); 3C NMR (100 MHz): 6 77.7 (dd, Jep =
174.1, 7.0 Hz), 63.6 (db, Je.p = 5.8 Hz), 62.6 (dd, Jep = 5.8, 5.8 Hz), 16.2 (db, Je.p = 5.7 Hz), 15.7 (db,
Jop=7.2Hz), 11.3,4.6 (d, Jop = 13.4 Hz), 3.7; 3P NMR (162 MHz): 6 18.63 (d, J = 30.0 Hz), -0.98 (d,
J=30.1 Hz); HRMS (ESI) m/z: [M+H]* calcd. for C;,H,c07P5: 361.1540; found: 361.1540.

QX/P(O)(OE%

OP(O)(OEt),

(diethoxyphosphoryl)(1-phenylcyclopropyl)methyl diethyl phosphate (34c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (67.2 mg, 80% yield). '"H NMR (400 MHz): ¢ 7.53 (dd, J = 8.0, 1.2 Hz, 2H), 7.36-7.20
(m, 3H), 1.43 (td, /= 7.2, 1.2 Hz, 3H), 1.34 (td, J = 7.2, 0.8 Hz, 3H), 1.29-1.19 (m, 3H), 1.16 (td, J =
7.2,7.2 Hz, 3H), 1.04 (td, J= 7.2, 7.2 Hz, 3H), 0.90-0.85 (m, 1H); *C NMR (100 MHz): ¢ 139.8, 131.1,
127.2, 126.7, 81.0 (dd, Jcp = 171.5, 7.4 Hz), 63.7 (dd, Jcp = 13.3, 5.9 Hz), 62.1 (dd, Jcp = 6.6, 5.5 Hz)
26.2,15.8 (dd, Jcp = 5.4, 5.4 Hz), 15.7 (dd, Jcp = 7.4, 2.4 Hz), 13.6 (d, Jcp = 13.0 Hz), 11.7; 3'P NMR
(162 MHz): 6 16.53 (d, J = 27.9 Hz), -0.35 (dd, J = 26.4 Hz); HRMS (ESI) m/z: [M+H]* calcd. for

C13H3()NO7P2: 421.1 540, found: 421.1540.
OP(O)(OEt),
P(O)(OEt),

1-(diethoxyphosphoryl)-2,2-dimethylpropyl diethyl phosphate (35c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (45.4 mg, 63% yield).'"H NMR (400 MHz): ¢ 4.44 (d, J = 11.6, 8.4 Hz, 1H), 4.23-4.11
(m, 8H), 1.37-1.33 (m, 12H), 1.14 (s, 9H); '*C NMR (100 MHz): J 81.2 (dd, Jcp = 162.3, 8.3 Hz), 63.8
(dd, Jep = 12.5, 6.0 Hz) 62.3 (dd, Jcp = 8.2, 8.2 Hz), 34.9 (dd, Jcp = 2.9, 2.9 Hz), 26.7 (d, Jcp = 6.1
Hz), 16.2 (dd, Jcp = 9.2, 5.9 Hz), 15.9 (dd, Jcp = 7.0, 3.6 Hz); *'P NMR (162 MHz): 6 19.4 (d, /= 15.2
Hz), -1.13 (d, J = 15.2 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,3H300O;P,: 361.1540; found:
361.1539.

P(O)(OEt),
OP(O)(OEt),

Adamantan-1-yl(diethoxyphosphoryl)methyl diethyl phosphate (36¢).
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Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (70.1 mg, 80% yield). '"H NMR (400 MHz): 6 4.30 (dd, /= 11.6, 8.8 Hz, 1H) 4.24-4.11
(m, 8H), 2.01 (b, 3H), 1.83 (d, /= 2.0 Hz, 6H), 1.69-1.69 (b, 6H), 1.36 (tb, J = 7.2 Hz, 12H); 3C NMR
(100 MHz): ¢ 81.5 (dd, Jcp = 161.4, 8.4 Hz), 63.5 (dd, Jcp = 20.3, 6.0 Hz), 62.1 (dd, Jcp = 15.9, 7.4
Hz), 37.9 (d, Jcp = 5.7 Hz), 36.5, 36.3, 27.8, 16.1 (dd, Jcp = 12.1, 5.6 Hz), 15.7 (dd, Jcp = 6.8, 6.8 Hz);
3IP NMR (162 MHz): 6 19.18 (d, J = 15.6 Hz), -1.09 (d, /= 15.6 Hz); HRMS (ESI) m/z: [M+H]" calcd.
for C19H3607P,:439.2009; found: 439.2010.

OP(O)(OEt),

/\/\/\/\/\/\/\/\)\p(o)(OEt)2
1-(diethoxyphosphoryl)octadecyl diethyl phosphate (37c¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (81.3 mg, 75% yield). 'H NMR (400 MHz): ¢ 4.66-4.60 (m, 1H), 4.24-4.10 (m, 8H),
1.92-1.82 (m, 2H), 1.59-1.45 (m, 2H), 1.37-1.32 (m, 15H), 1.25-0.86 (m, 25H), 0.88 (td, J= 7.2, 7.2 Hz,
3H); BC NMR (100 MHz): ¢ 73.2 (dd, Jcp = 168.7, 7.4 Hz), 63.3 (dd, Jcp = 118.7, 5.9 Hz), 31.8, 30.9
(d, Jc.p = 2.2 Hz), 29.6 (b), 29.5, 29.3, 29.3,29.2, 25.3 (d, Jcp = 10.5 Hz), 22.6,16.3 (dd, Jcp=5.4,5.4
Hz), 16.0 (dd, Jcp = 6.9, 3.8 Hz) 14.0; 3'P NMR (162 MHz): ¢ 20.28 (d, J = 21.7 Hz), -1.06 (dd, J =
21.7 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,sHscO7P,: 543.3574; found: 543.3574.

OP(0O)(OEt),

/\/\/\/\/\/\/\/\%,:,(O)(OEt)2
(E)-1-(diethoxyphosphoryl)octadec-9-en-1-yl diethyl phosphate (38c¢).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (81.0 mg, 75% yield). '"H NMR (400 MHz): ¢ 5.38-5.32 (m, 2H), 4.67-4.59 (m, 1H),
4.24-4.10 (m, 8H), 2.03-1.84 (m, 4H), 1.60-1.45 (m, 2H), 1.37-1.27 (m, 34H), 0.88 (td, /= 7.2, 7.2 Hz,
3H); 3*C NMR (100 MHz): 6 129.9, 129.7, 73.2 (dd, Jc.p = 168.7, 7.2 Hz), 63.9 (db, Jcp = 5.9 Hz), 62.7
(db, Jcp = 6.6 Hz), 31.8, 30.9, 30.9, 29.7, 29.7, 29.6, 29.6, 29.4, 29.2, 29.1, 27.1, 25.3, 25.2, 22.6, 16.4
(dd, Jcp = 5.3, 5.3 Hz), 16.0 (dd, Jcp = 6.9, 4.0 Hz), 14.0; 3'P NMR (162 MHz): § 20.28 (d, J = 21.7
Hz), -1.03 (d, J = 21.7 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C;sHs;O,P,: 541.3418; found:
541.34109.
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OP(O)(Et),
<O P(O)(Et),

Benzo|d][1,3]dioxol-5-yl(diethylphosphoryl)methyl diethylphosphinate (39c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (67.0 mg, 93% yield). "H NMR (400 MHz): ¢ 7.05 (b, 1H), 6.97 (db, J = 8.0 Hz, 1H),
6.79 (db, J = 8.0 Hz, 1H), 5.98 (dd, J = 7.2, 3.2 Hz, 2H), 5.46 (dd, J = 13.2, 10.4 Hz), 4.19-3.87 (m,
8H), 1.32 (td, J=7.2, 7.2 Hz, 3H), 1.30 (td, J = 6.8, 0.8 Hz, 3H), 1.24 (td, /= 7.2, 7.2 Hz, 3H), 1.17 (td,
J=17.2, 1.2 Hz, 3H); *C NMR (100 MHz): 6 148.0 (d, Jcp = 2.5 Hz), 147.5 (d, Jcp = 1.4 Hz), 126.9,
121.9 (d, Jcp = 7.6 Hz), 108.2 (d, Jcp = 5.1 Hz), 107.8, 101.0, 74.2 (dd, Jcp = 173.8, 6.9 Hz), 63.8 (dd,
Jep=19.3,5.8 Hz), 63.1 (d, Jcp =6.9 Hz) , 16.0 (dd, Jcp = 9.5, 5.7 Hz), 15.6 (dd, Jcp = 11.4, 7.1 Hz);
3P NMR (162 MHz): 6 16.7 (d, J = 36.0 Hz), -1.22 (d, J = 35.8 Hz); HRMS (ESI) m/z: [M+H]" calcd.

for CgH00P,: 425.1125; found: 425.1124.

OP(O)(OEt),

O P(O)(OE),

e

0
(diethoxyphosphoryl)(3,4,5-trimethoxyphenyl)methyl diethyl phosphate (40c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (71.4 mg, 76% yield). '"H NMR (400 MHz): ¢ 6.75 (d, J = 1.6 Hz, 2H), 5.47 (dd, J =
13.2,10.4 Hz, 1H), 4.19-3.89 (m, 8H), 3.86 (s, 6H), 3.84 (s, 3H), 1.32 (td, J = 7.2, 7.2 Hz, 3H), 1.29 (td,
J=172,12Hz, 3H), 1.24 (td, J = 7.2, 7.2 Hz, 3H), 1.15 (td, J = 7.2, 1.2 Hz, 3H); 3C NMR (100 MHz):
0 153.0, 138.4, 128.9, 105.1 (d, Jcp = 6.1 Hz), 74.5 (dd, Jcp = 172.3, 6.8 Hz), 63.9 (dd, Jcp = 19.8, 5.8
Hz), 63.3 (dd, Jcp = 7.0, 4.6 Hz), 60.6 (d, Jcp = 1.0 Hz), 56.0, 16.2 (dd, Jcp = 13.2, 5.7 Hz), 15.7 (dd,
Jer=9.9, 7.3 Hz); 3'P NMR (162 MHz): 6 16.74 (d, J = 35.5 Hz), -1.02 (d, J = 35.6 Hz); HRMS (ESI)
m/z: [M+H]" calcd. for CigH3,0,¢P,: 471.1543; found: 471.1547.
OP(O)(OEt),

P(O)(OEt),
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(diethoxyphosphoryl)(4-(N,N-dipropylsulfamoyl)phenyl)methyl diethyl phosphate (41c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (55.4 mg, 51% yield). "H NMR (400 MHz): 6 7.82 (d, J = 8.0 Hz, 2H), 7.63 (dd, J = 8.4,
1.6 Hz, 2H), 5.63 (dd, J = 14.8, 10.8 Hz, 1H), 4.21-3.90 (m, 8H), 3.10-3.06 (m, 4H), 1.59-1.50 (m, 4H),
1.30 (td, J=7.2, 0.8 Hz, 3H), 1.28 (td, /= 7.6, 7.6 Hz, 3H), 1.26 (td, J= 7.2, 7.2 Hz, 3H), 1.17 (td, J =
7.2, 1.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz): 6 140.7, 138.3, 128.2 (d, Jc.p = 5.4 Hz),
126.9 (d, Jcp = 1.7 Hz), 73.9 (dd, Jcp = 169.3, 6.8 Hz), 64.2 (dd, Jcp = 23.6, 5.8 Hz), 63.6 (d, Jcp =
12.9, 7.1 Hz), 49.9, 21.9, 16.2 (dd, Jc.p = 5.8, 5.8 Hz), 15.9 (dd, Jcp = 7.0, 7.0 Hz), 11.1; 3'P NMR (162
MHz): 6 15.6 (d, J = 32.4 Hz), -1.10 (d, J = 32.6 Hz); HRMS (ESI) m/z: [M+H]" calcd. for
C11H390NOyP,S: 544.1894; found: 544.1894.

P(O)(OEt),
OP(O)(OEt),

1-(diethoxyphosphoryl)-2-(4-isobutylphenyl)propyl diethyl phosphate (42¢). Flash column
chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil
(77.1 mg, 83% yield). The product is a mixture of two isomers (1:1). '"H NMR (400 MHz):6 7.24 (dd, J
= 8.4 Hz, 2H), 7.08 (dd, J = 8.0, 2.0 Hz, 2H), 4.92-4.81 (m, 1H), 4.15-3.68 (m, 8H), 3.45-3.34 (m, 1H),
2.43 (d, J=17.2 Hz, 2H), 1.88-1.78 (m, 1H), 1.34-1.16 (m, 15H), 0.89 (dd, Jcp = 6.8, 2.4 Hz, 3H); 3C
NMR (100 MHz): 6 140.0 (d, Jc.p = 4.1 Hz), 139.0 (dd, Jcp = 30.6, 8.9 Hz), 128.8 (d, Jcp = 8.7 Hz),
127.9 (d, Jc.p = 44.4 Hz), 78.2 (dd, Jcp = 7.6, 6.0 Hz), 63.8-63.4 (m), 62.5-62.3 (m), 44.8 (d, Jcp = 2.0
Hz), 40.6 (d, Jc.p = 99.7 Hz), 30.0, 22.1 (d, Jc.p = 3.7 Hz), 18.8 (d, Jcp = 7.5 Hz), 16.3-16.0 (m), 115.9-
15.8 (m); 3'P NMR (162 MHz): 6 19.18-18.96 (m), -1.13-(1.46) (m)

P(O)(OEt),
~0 OO OP(O)(OEt),
1-(diethoxyphosphoryl)-2-(6-methoxynaphthalen-2-yl)propyl diethyl phosphate (43c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (39.0 mg, 40% yield). The product is a mixture of two isomers (8:2). 'H NMR (400
MHz):6 7.73-7.12 (m, 6H), 5.00-4.93 (m, 1H), 4.24-3.50 (m, 8H), 3.94 (s, 3H), 1.61 (d, /= 7.2 Hz, 3H)
1.38-1.12 (m, 12H), 1.01-0.91 (m, 1H); 13C NMR (100 MHz): 6 157.4, 137.1 (d, Jcp =9.3 Hz), 126.8 (d,
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Jep=28.4 Hz), 126.5, 118.7, 105.4, 77.3 (dd, Jcp = 164.8, 7.7 Hz), 63.8 (dd, Jcp = 15.1, 5.9 Hz), 62.6
(d, Jcp = 18.1, 7.2 Hz), 55.2, 40.5, 29.6, 16.2 (dd, Jc.p = 12.9, 6.2 Hz), 15.9 (dd, Jcp = 7.4, 7.4 Hz); >'P
NMR (162 MHz): 6 19.19-19.07 (m), -0.95-(-1.40) (m). HRMS (ESI) m/z: [M+H]" calcd. for
CyH3404P,: 489.1802; found: 489.1805.

(EtO)2(0O)P-__OP(O)(OEt),

(]

1-(diethoxyphosphoryl)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propyl diethyl phosphate (44c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (65.4 mg, 67% yield). The product is a mixture of two isomers (8:2). 'H NMR (400
MHz): ¢ 7.54-7.14 (m, 8H), 4.94-4.83 (m, 1H), 4.20-3.85 (m, 8H), 3.53-3.44 (m, 1H), 1.55-1.52 (m,
3H), 1.36-1.23 (m, 12H); 3C NMR (100 MHz): ¢ 160.6 (d, Jcp = 246.2 Hz), 143.8 (dd, Jcp =9.7, 7.5
Hz), 143.4, 135.6, 130.4 (d, Jcp = 3.8 Hz), 128.8, 128.4, 127.6, 127.4 (d, Jcp = 13.4 Hz), 124.3 (d, Jcp
=3.1 Hz), 115.9 (d, Jcp = 23.3 Hz), 77.1 (dd, Jcp = 165.3, 7.6 Hz), 64.1-63.8 (m), 62.9-62.6 (m), 40.2,
18.8 (d, Jc.p = 8.0 Hz), 16.3-16.2 (m), 16.1-16.0 (m); 3'P NMR (162 MHz): ¢ 18.66 (d, J = 15.55 Hz), -
1.00 (d, J=15.71 Hz). HRMS (ESI) m/z: [M+H]" calcd. for C,3H330,P,: 503.1758; found: 503.1758.

(Et0),(O)PO

ey

P(O)(OEt),

D

(6-(3-adamantan-1-yl-4-methoxyphenyl)naphthalen-2-yl)(diethoxyphosphoryl) methyl diethyl
phosphate (45c¢).

Like the procedure A but Et;N (lequiv) instead of Na,CO;3 (20 mol%). Flash column chromatography
(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil (111.2 mg, 83%
yield). 'H NMR (400 MHz): 6 7.99 (s, 2H), 7.91 (dd, J = 8.8, 2.0 Hz, 2H), 7.76 (dd, J = 8.4, 0.8 Hz, 1H),
7.67 (db, J = 8.8 Hz, 1H), 7.58 (d, J = 2.4 Hz, 1H), 7.51 (dd, J = 8.4, 2.0 Hz, 1H), 6.97 (d, J = 8.4 Hz,
1H), 5.75 (dd, J = 13.6, 10.8 Hz, 1H), 4.24-3.82 (m, 8H), 3.87 (s, 3H), 2.18 (b, 6H), 1.80 (b, 6H), 1.36-

1.32-1.26 (m, 9H), 1.22 (td, J= 7.2, 7.2 Hz, 3H), 1.09 (td, J = 7.2, 0.8 Hz, 3H); 3C NMR (100 MHz): 6
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167.5, 158.4, 139.6, 138.6, 133.6, 132.5, 132.2, 131.5, 130.7, 128.4 (d, Jc.p = 20.0 Hz), 127.2 (d, Jcp =
7.8 Hz), 126.1, 125.6, 125.3 (d, Jcp = 4.2 Hz), 124.5, 111.8, 74.7 (dd, Jcp = 171.5, 6.9 Hz), 67.9, 63.9
(dd, Jep = 22.8, 5.7 Hz), 63.3 (db, Jcp = 6.1 Hz), 54.9, 40.4, 38.5, 36.9, 30.1, 28.9, 28.7, 23.5, 22.8,
16.1 (dd, Jcp = 10.2, 5.7 Hz), 15.7 (dd, Jcp = 14.2, 7.1 Hz), 13.8, 10.7; 3'P NMR (162 MHz): 6 16.76
(d, J =34.5 Hz), -0.97 (d, J = 34.7 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C34H4304P,: 671.2897;
found: 671.2894.

(EtO),(O)PO.__P(O)(OEt),
Ph.__0O

@)

(diethoxyphosphoryl)(3-methyl-4-oxo-2-phenyl-4H-chromen-8-yl)methyl diethyl phosphate (46¢).
Like the procedure A but Et;N (lequiv) instead of Na,CO; (20 mol%). Flash column chromatography
(silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a light yellow oil (59.2 mg, 55%
yield). '"H NMR (400 MHz): ¢ 8.29 (dd, J = 7.2, 4.4 Hz, 1H), 8.00 (dd, J = 6.8, 4.0 Hz, 1H), 7.81-7.78
(m, 2H), 7.48 (dd, J = 8.0, 8.0 Hz, 1H), 6.28 (dd, J = 14.0, 10.8 Hz, 1H), 4.18-3.89 (m, 8H), 2.21 (s, 1H),
1.25 (td, J=7.2, 1.2 Hz, 3H), 1.24 (td, J= 7.2, 7.2 Hz, 3H), 1.20 (td, J= 7.2, 7.2 Hz, 3H), 1.13 (td, J =
7.2, 1.2 Hz, 3H); '*C NMR (100 MHz): ¢ 178.4, 160.6, 152.6 (d, Jcp = 5.8 Hz), 132.9, 132.6 (d, Jc.p =
4.1 Hz), 130.2, 129.0, 128.3, 126.6 (d, Jc.p = 2.3 Hz), 124.2 (d, Jc.p = 2.5 Hz), 123.3, 122.1, 117.3, 67.3
(dd, Jep = 173.0, 4.4 Hz), 64.1 (dd, Jcp = 20.3, 5.9 Hz), 63.5 (dd, Jcp = 10.6, 7.1 Hz), 16.1 (dd, Jcp =
10.9, 5.7 Hz), 15.7 (dd, Jcp = 6.9, 6.9 Hz), 11.5; 3'P NMR (162 MHz): § 15.92 (d, J = 34.2 Hz), -1.21
(d, J = 34.0 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,5H3,09P;: 539.1594; found: 539.1596.

OP(O)(OEt),
(EtO)Z(O)P

>_L

(diethoxyphosphoryl)(4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'-bibenzo|[d] imidazol]-3'-
yD)methyl)-[1,1'-biphenyl]-2-yl)methyl diethyl phosphate (47c).
Flash column chromatography (silica gel: EA) afforded the title compound as a yellow oil (143.6 mg,

93% yield). "H NMR (400 MHz): § 7.70-7.66 (m, 2H), 7.32 (d, J = 8.4 Hz, 4H), 7.28-7.23 (m, 2H),
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7.18-7.10 (m, 3H), 7.04 (m, 3H), 5.56 (dd, J = 13.2, 10.0 Hz, 1H), 5.30 (s, 2H), 3.95-3.66 (m, 8H), 3.60
(s, 3H), 2.80 (t, J = 7.6 Hz), 2.64 (b, 3H), 1.75-1.70 (m, 2H), 1.10 (td, J = 7.2, 7.2 Hz, 3H), 1.02 (td, J =
6.8, 6.8 Hz, 3H), 1.00 (td, J = 7.2, 7.2 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H), 0.90 (td, J = 7.2, 7.2 Hz, 3H);
13C NMR (100 MHz): 6 156.3, 154.4, 142.8, 142.6, 141.3 (d, Jc.p = 8.1 Hz), 139.5, 136.4, 134.9 (d, Jc.p
=5.7 Hz), 131.1, 130.1, 130.0, 129.3, 128.8, 128.8, 128.7, 128.7, 127.6, 125.9, 123.7 (d, Jc.p = 8.3 Hz),
122.4, 122.2, 119.2, 109.4, 108.8, 70.9 (dd, Jcp = 173.2, 6.9 Hz), 63.7 (dd, Jcp = 16.7, 5.7 Hz), 63.2
(dd, Jcp=15.2,7.1 Hz), 46.8, 31.1, 29.6, 21.6, 16.7, 16.1 (dd, Jcp = 13.9, 5.6 Hz), 15.6 (dd, Jcp = 11.0,
7.1 Hz), 13.9; 3'P NMR (162 MHz): 6 16.99 (d, J =38.2 Hz), -1.60 (d, J = 38.4 Hz); HRMS (ESI) m/z:
[M+H]* calcd. for C4Hs5oN4O;P;: 773.3227; found: 773.3227.

OP(O)(OMe),
P(O)(OMe),

(dimethoxyphosphoryl)(phenyl)methyl dimethyl phosphate (48c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (58.3 mg, 93% yield). 'H NMR (400 MHz): 6 7.52 (d, J = 7.2 Hz, 2H), 7.42-7.34 (m,
3H), 5.59 (dd, J=13.2, 10.8 Hz, 1H), 3.76 (d, J = 10.4 Hz, 3H), 3.76 (d, J = 11.6 Hz, 3H), 3.68 (db, J =
10.4 Hz, 3H), 3.54 (db, /= 11.2 Hz, 3H); 3C NMR (100 MHz): ¢ 133.1, 129.1 (d, Jc.p = 2.4 Hz), 128.5,
127.7 (d, Jcp = 5.8 Hz), 74.4 (dd, Jcp = 171.2, 6.6 Hz) 54.3 (dd, Jcp = 22.1, 5.9 Hz), 53.9 (dd, Jcp =
7.4, 7.4 Hz); 3'P NMR (162 MHz): 6 18.96 (d, J = 32.7 Hz), -1.35 (d, J = 32.4 Hz); HRMS (ESI) m/z:
[M+H]* calcd. for C;;H30,P;: 325.0601 found: 325.0601.

OP(0)(O"Bu),
P(0)(O"Bu),

Dibutyl ((dibutoxyphosphoryl)(phenyl)methyl) phosphate (49c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (92.5 mg, 94% yield). 'H NMR (400 MHz): ¢ 7.53-7.50 (m, 2H), 7.39-7.33 (m, 3H),
5.55(dd, J=13.6, 10.4 Hz), 4.12-3.73 (m, 8H) 1.63-1.50 (m, 17H), 0.91 (td, J = 7.2, 7.2 Hz, 6H), 0.87
(td, J= 7.2, 7.2 Hz, 3H), 0.81 (td, J= 7.2, 7.2 Hz, 3H); '*C NMR (100 MHz): ¢ 133.5, 128.7 (d, Jcp =
2.4 Hz), 128.1 (d, Jcp = 1.5 Hz), 127.9 (d, Jcp = 5.8 Hz), 74.5 (dd, Jcp = 171.5, 6.9 Hz), 67.5 (dd, Jcp
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= 21.4, 6.0 Hz), 66.9 (dd, Jcp = 2.4, 1.3 Hz), 32.3 (dd, Jcp = 10.0, 5.7 Hz), 31.8 (dd, Jcp = 13.8, 7.3
Hz), 18.4, 18.3 (d, Jcp = 10.1 Hz), 13.3, 13.3 (d, Jcp = 6.0 Hz); *'P NMR (162 MHz): ¢ 16.66 (d, J =
35.6 Hz), -0.86 (d, J = 35.6 Hz); HRMS (ESI) m/z: [M+H]* calcd. for C,3H4,0,P,: 493.2479; found:
493.2479.

OP(O)(OPr'),
P(O)(OPr),

(diisopropoxyphosphoryl)(phenyl)methyl diisopropyl phosphate (50c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (72.4 mg, 83% yield) '"H NMR (400 MHz): ¢ 7.53-7.51 (m, 2H), 7.37-7.32 (m, 3H),
5.48 (dd, J = 14.4, 10.4 Hz, 1H), 4.73-4.32 (m, 4H), 1.34 (d, J = 6.0 Hz, 3H), 1.30 (d, J = 2.8 Hz, 3H),
1.29 (b, 3H), 1.28 (d, J= 6.4 Hz, 3H), 1.12 (dd, J= 6.4, 6.4 Hz, 3H), 1.02 (d, J = 6.0 Hz, 3H); *C NMR
(100 MHz): 6 133.2, 129.3, 128.7, 127.9 (d, Jcp = 5.9 Hz), 74.5 (dd, Jcp = 171.1, 6.7 Hz), 54.4 (dd, Jc.p
=21.9, 5.9 Hz), 54.0 (dd, Jcp = 6.7, 6.7 Hz), 29.7, 14.1; 3'P NMR (162 MHz): ¢ 15.15 (d, J = 38.6 Hz),
-2.80 (d, J=38.6 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,9H34,0,P,: 437.1853; found: 437.1857.

OP(0O)Ph(OEt)
P(O)Ph(OEt)

(ethoxy(phenyl)phosphoryl)(phenyl)methyl ethyl phenylphosphonate (51c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light yellow oil (56.8 mg, 64% yield) 'H NMR (400 MHz): ¢ 7.53-7.05 (m, 15H), 5.89-5.61 (m, 1H),
4.04-3.57 (m, 4H), 1.24-0.95 (m, 6H); 3C NMR (100 MHz): ¢ 133.6-127.8 (m), 77.2-74.3 (m), 62.2-
61.6 (m), 16.4-15.8 (m); 3'P NMR (162 MHz): ¢ 34.2-33.6 (m), 19.9-19.1 (m); HRMS (ESI) m/z:
[M+H]* calcd. for C,3H,605P;: 445.1328; found: 445.1329.

OP(O)Ph,
P(O)Ph,

(diphenylphosphoryl)(phenyl)methyl diphenylphosphinate (52c).
Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light white solid (92.5 mg, 91% yield) 'H NMR (400 MHz): § 8.03-7.01 (m, 25H), 6.31 (dd, J = 10.0,
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2.4 Hz, 1H); 3C NMR (100 MHz): ¢ 132.4 (d, Jcp = 9.0 Hz), 132.2 (d, Jc.p = 2.8 Hz), 132.0, 132.0 (d,
Jep=5.4Hz), 131.8 (d, Jcp = 2.8 Hz), 131.7,, 131.6, 131.5, 131.3 (d, Jcp = 10.8 Hz), 131.1 (d, Jcp =
10.5 Hz), 130.3 (d, Jcp = 68.4 Hz), 129.8 (d, Jcp = 24.8 Hz), 129.1 (d, Jcp = 4.8 Hz), 129.0, 128.5 (d,
Jep=2.1Hz), 1284, 128.2 (d, Jcp = 2.4 Hz), 128.0 (d, Jcp = 22.3 Hz), 127.7, 127.6 (d, Jcp = 1.2 Hz),
74.7 (dd, Jc.p = 85.4, 7.5 Hz); 3'P NMR (162 MHz): ¢ 35.43 (d, J = 24.5 Hz) 28.95 (d, J = 24.7 Hz).
HRMS (ESI) m/z: [M+H]" calcd. for C3;H,503P;: 509.1430; found: 509.1429.
OP(O)(CgHsMe),
P(O)(CgHsMe),

(di-p-tolylphosphoryl)(phenyl)methyl di-p-tolylphosphinate (53c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light white solid (84.6 mg, 75% yield) '"H NMR (400 MHz): ¢ 7.83 (dd, J=10.8, 2.8 Hz, 2H), 7.47 (dd,
J=11.2, 8.0 Hz, 2H), 7.27-7.02 (m, 15H), 6.94 (dd, J = 8.0, 3.2 Hz, 2H), 6.21 (dd, J = 10.4, 3.6 Hz),
2.39 (s, 3H), 2.35 (s, 3H), 2.32 (s, 3H), 2.24 (s, 3H); *C NMR (100 MHz): ¢ 142.5 (dd, Jcp = 10.7, 2.6
Hz), 142.3 (dd, Jcp = 9.0, 2.7 Hz), 132.8-124.7 (m), 74.8 (dd, Jcp = 85.7, 7.8 Hz), 21.5 (d, Jcp = 2.8
Hz), 21.4 (d, Jcp = 8.7 Hz); 3'P NMR (162 MHz): § 36.41 (d, J = 24.30 Hz), 29.7 (d, J = 24.30 Hz);
HRMS (ESI) m/z: [M+H]" calcd. for C35H3403P;: 565.2056; found: 565.2054.

OP(0)(CgH4OMe),
P(O)(CsHsOMe),

(bis(4-methoxyphenyl)phosphoryl)(phenyl)methyl bis(4-methoxyphenyl) phosphinate (54c¢).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light white solid (88.0 mg, 75% yield) '"H NMR (400 MHz): ¢ 7.85 (dd, J = 7.2, 0.8 Hz, 2H), 7.52 (d, J
= 8.8 Hz, 1H), 7.49 (d, J= 8.4 Hz, 1H), 7.33 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 7.15-7.04 (m,
5H), 6.94 (dd, J = 8.8, 2.0 Hz, 2H), 6.82 (dd, J = 8.8, 2.0 Hz, 2H), 6.77 (dd, J = 8.8, 2.4 Hz, 2H), 6.65
(dd, J=8.8, 2.4 Hz, 2H), 6.17 (dd, J=10.8, 3.6 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 3.76 (s, 3H), 3.70 (s,
3H); 3C NMR (100 MHz): ¢ 162.4 (dd, Jcp = 21.8, 2.9 Hz), 162.2 (dd, Jcp = 10.9, 3.0 Hz), 134.2 (d,
Jer =99 Hz), 133.5 (d, Jcp=11.1 Hz), 133.2 (d, Jcp = 12.1 Hz), 128.9 (d, Jcp = 4.7 Hz), 128.2 (d, Jc.
p=1.7Hz), 127.6 (d, Jcp = 0.8 Hz), 122.0 (d, Jc.p = 59.9 Hz), 121.4 (d, Jc.p = 42.6 Hz), 119.5 (d, Jcp =
105.7 Hz), 113.9-113.2 (m), 74.7 (dd, Jc.p = 86.4, 7.7 Hz), 55.1-55.0 (m); 3'P NMR (162 MHz): § 36.23
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(d, J = 24.1 Hz), 29.63 (d, J = 24.1 Hz); HRMS (ESI) m/z: [M+H]* calcd. for CssHasO7Py: 629.1853:
found: 629.1852.
OP(O)(CeH4F)2
P(O)(CeH4F)2

(bis(4-fluorophenyl)phosphoryl)(phenyl)methyl bis(4-fluorophenyl)phosphinate (55c).

Flash column chromatography (silica gel: DCM to DCM : EA = 2:1) afforded the title compound as a
light white solid (98.6 mg, 85% yield). 'H NMR (400 MHz): 6 8.03-7.97 (m, 2H), 7.57-7.51 (m, 2H),
7.47-7.36 (m, 4H), 7.20-7.15 (m, 5H), 7.10-7.06 (m, 2H), 7.04-6.99 (m, 4H), 6.84 (dd, J = 8.4, 2.8 Hz,
1H), 6.82 (dd, J= 8.8, 2.8 Hz, 2H), 6.27 (dd, J=10.8, 1.2 Hz, 1H); '3C NMR (100 MHz): 6 166.3 (ddd,
J=126.8,20.0, 3.0 Hz), 163.8 (ddd, J = 26.8, 21.1, 3.2 Hz), 134.8-133.5 (m), 131.8, 129.1-123.8 (m),
116.2-115.1 (m), 74.5 (dd, Jc.p = 86.8, 7.3 Hz); 3'P NMR (162 MHz): ¢ 33.94 (d, /= 23.6 Hz), 27.73 (d,
J=23.9 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C3;H,,F405P,: 581.1053; found: 581.1053.

OP(O)Ph"Bu
P(O)Ph"Bu

(butyl(phenyl)phosphoryl)(phenyl)methyl butyl(phenyl)phosphinate (56c¢).
Flash column chromatography (silica gel: EA) afforded the title compound as a yellow oil (65.5 mg, 70%
yield). The product is a mixture of isomers. 'H NMR (400 MHz): 6 7.58-6.88 (m, 15H), 6.10-5.76 (m,
1H), 2.05-0.87 (m, 18H); *C NMR (100 MHz): § 165.4-165.1 (m), 133.4-128.2 (m), 69.5-66.7 (m),
26.2-22.7 (m), 13.9-13.3 (m); 3'P NMR (162 MHz): 6 51.23-49.24 (m), 41.79-40.36 (m); HRMS (ESI)
m/z: [M+H]* calcd. for C,;H3405P;: 469.2056; found: 469.2055.

OP(0)PhCy

P(O)PhCy

(cyclohexyl(phenyl)phosphoryl)(phenyl)methyl cyclohexyl(phenyl)phosphinate (57¢).

Flash column chromatography (silica gel: EA) afforded the title compound as a light yellow oil (72.8
mg, 70% yield). The product is a mixture of isomers. 'H NMR (400 MHz): § 7.72-6.88 (m, 15H), 6.10-
5.76 (m, 1H), 1.91-0.84 (m, 22H); '3C NMR (100 MHz): § 134.1-127.0 (m), 71.6 (dd, Jcp = 77.8, 8.0
Hz), 39.2 (d, Jcp = 93.5 Hz), 34.2 (d, Jcp = 67.7 Hz), 26.3-23.9 (m); *'P NMR (162 MHz): J 50.68-
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49.29 (m), 41.89-40.68 (m). HRMS (ESI) m/z: [M+H]" caled. for CsHisOsP: 521.2369; found:
521.2369.

OP(0)("Bu),
P(O)("Bu),

(dibutylphosphoryl)(phenyl)methyl dibutylphosphinate (58c).

The reaction temperature is 100 °C. Flash column chromatography (silica gel: EA) afforded the title
compound as a light yellow oil (61.6 mg, 72% yield) '"H NMR (400 MHz):  7.48 (d, J = 7.2 Hz, 2H),
7.42-7.36 (m, 3H), 5.57 (dd, J = 11.2, 4.4 Hz, 1H) 1.85-1.00 (m, 24H), 0.95 (td, J = 7.2, 7.2 Hz, 3H),
0.92 (td, J= 7.2, 7.2 Hz, 3H), 0.87 (td, /= 7.2, 7.2 Hz, 3H), 0.66 (td, J= 7.2, 7.2 Hz, 3H); *C NMR
(100 MHz): 0 134.0, 128.9 (d, Jcp = 1.2 Hz), 128.6, 127.8 (d, Jcp = 4.1 Hz), 72.3 (dd, Jc.p = 76.0, 7.5
Hz), 28.4 (d, Jcp = 82.4 Hz), 27.8 (d, Jcp = 90.4 Hz), 25.1-23.0 (m); *'P NMR (162 MHz): 6 63.20 (d, J
=17.5 Hz), 48.04 (d, J = 17.8 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C,3H4,03P,: 429.2682; found:
429.2681.

OP(O)Cy,
P(O)Cy

(dicyclohexylphosphoryl)(phenyl)methyl dicyclohexylphosphinate (59c¢).

The reaction temperature is 100 °C. Flash column chromatography (silica gel: EA) afforded the title
compound as a light yellow oil (74.5 mg, 72% yield) 'H NMR (400 MHz): 6 7.54 (d, J = 7.6 Hz, 2H),
7.41-7.33 (m, 3H), 5.74 (dd, J = 10.4, 4.4 Hz), 2.10-0.64 (m, 44H); 3C NMR (100 MHz): ¢ 135.0,
128.7, 128.4, 128.3, 71.0 (dd, Jcp = 69.4, 8.5 Hz), 37.9 (d, Jcp = 80.1 Hz), 36.1 (d, Jcp = 87.9 Hz),
35.7 (d, Jep = 73.3 Hz), 35.2 (d, Jcp = 96.8 Hz), 26.9-25.0 (m); 3'P NMR (162 MHz): 6 63.23 (d, J =
15.6 Hz), 49.02 (d, J = 15.7 Hz); HRMS (ESI) m/z: [M+H]" calcd. for C5;Hs5cO3P,: 533.3308; found:
533.3308.

Benzyldiphenylphosphine oxide (1d).
Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid

(52.0 mg, 89% vield) '"H NMR (400 MHz): 6 7.71-7.66 (m, 4H), 7.48-7.46 (m, 2H), 7.43-7.38 (m, 4H),
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7.11-7.08 (m, 5 H), 3.64 (d, J = 13.6 Hz, 2H); '*C NMR (100 MHz): 6 131.5 (Jep = 98.6 Hz), 131.6 (d,
Jop =2.6 Hz), 130.9 (d, Jep = 9.1 Hz), 130.8 (d, Jop = 7.5 Hz), 129.9 (d, Je.p = 5.2 Hz), 128.3 (d, Jop =
11.7 Hz), 128.1 (d, Jep = 2.3 Hz), 126.5 (d, Jep = 2.8 Hz), 37.8 (d, Jep = 66.1 Hz); 3'P NMR (162

MHz): ¢ 29.8. This compound is knownl!l.

&
py PN

(4-methylbenzyl)diphenylphosphine oxide (2d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(58.1 mg, 95% yield) '"H NMR (400 MHz): § 7.7-7.67 (m, 4H), 7.50-7.39 (m, 6H), 7.00-7.69 (m, 4H),
3.60 (d, J = 13.6 Hz, 2H), 2.24 (d, J = 1.2 Hz, 3H); 13C NMR (100 MHz): ¢ 136.1 (d, Jc.p = 3.0 Hz),
132.2 (d, Jep = 98.1 Hz), 131.5 (d, Jcp = 2.5 Hz), 131.0 (d, Jcp = 9.0 Hz), 129.8 (d, Jcp = 5.2 Hz),
128.9 (d, Jcp=2.4 Hz), 128.3 (d, Jcp = 11.6 Hz) ,127.7 (d, Jcp = 8.0 Hz), 37.4 (d, Jcp = 66.6 Hz), 20.8;
3IP NMR (162 MHz): 6 29.37. This compound is known!!l.

&
py Ph

(3-methylbenzyl)diphenylphosphine oxide (3d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(56.3 mg, 92% yield) '"H NMR (400 MHz): ¢ 7.71-7.67 (m, 4H), 7.50-7.40 (m, 6H), 707-6.85 (m,
4H)3.60 (d, J = 14.0 Hz, 2H), 2.20 (s, 3H); 3C NMR (100 MHz): 6 137.7, 132.2 (d, J=98.4 Hz), 131.6
(d,J=2.4Hz), 131.0 (d, Jcp = 9.0 Hz), 130.9 (d, /= 5.3 Hz), 130.8 (d, /= 8.1 Hz), 128.3 (d, J=11.6
Hz), 128.0 (d, /= 2.2 Hz), 127.4 (d, J = 2.8 Hz), 127.0 (d, /= 5.3 Hz), 37.9 (d, J = 66.3 Hz), 21.1; 3'P
NMR (162 MHz): 6 29.58. This compound is known!'l.

/7
N

py PN

(2-methylbenzyl)diphenylphosphine oxide (4d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(56.9 mg, 92% yield) '"H NMR (400 MHz): 6 7.69-7.65 (m, 4H), 7.51-7.40 (m, 6H), 7.08 (db, J = 3.6
Hz), 6.96-6.95 (m, 2H), 3.66 (d, J = 14.0 Hz, 2H), 2.13 (s, 3H); *C NMR (100 MHz): ¢ 137.3 (d, Jcp =

5.4 Hz), 132.3 (d, Jop = 97.8 Hz), 131.7 (d, Jep = 2.5 Hz), 131.1 (d, Jep = 9.0 Hz), 130.6 (d, Jop = 4.5
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Hz), 130.3 (d, Jep = 2.4 Hz), 129.5 (d, Jep = 8.1 Hz), 128.3 (d, Jop = 11.5 Hz), 126.8 (d, Jep = 3.0 Hz),
125.6 (d, Jep = 2.7 Hz), 35.1 (d, Jep = 66.2 Hz), 19.9; 3'P NMR (162 MHz): § 29.67. This compound is

knownl!l,

~

Ph

(4-(tert-butyl)benzyl)diphenylphosphine oxide (5d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(65.4 mg, 92% yield) '"H NMR (400 MHz): ¢ 7.72-7.67 (m, 4H), 7.52-7.41 (m, 6H), 7.20 (d, J = 8.0 Hz,
2H), 7.03 (dd, J = 8.0, 2.0 Hz, 2H), 3.62 (d, J = 13.6 Hz, 2H), 1.25 (s, 9H); 3C NMR (100 MHz): o
149.6, 132.3 (d, Jcp = 98.1 Hz), 131.7 (d, Jcp = 2.5 Hz), 131.1 (d, Jcp = 9.0 Hz), 129.7 (d, Jcp = 5.1
Hz), 128.4 (d, Jcp = 11.6 Hz), 127.8 (d, Jcp = 8.0 Hz), 125.3 (d, Jcp = 2.3 Hz), 37.4 (d, Jc.p = 66.6 Hz),
34.2,31.2; 3'P NMR (162 MHz): ¢ 29.74. This compound is known(!].

~

Ph

(4-cyclohexylbenzyl)diphenylphosphine oxide (6d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(69.5 mg, 93% yield) 'H NMR (400 MHz, CDCl;) § 7.71-7.66 (m, 4H), 7.52-7.47 (m, 2H), 7.44-7.40
(m, 4H), 7.04-6.99 (m, 4H), 3.62 (d, /= 13.6 Hz, 2H), 2.41 (t, /= 8.0 Hz, 1H), 1.80 (d, J = 8.8 Hz, 4H),
1.73-1.70 (m, 1H), 1.40-1.28 (m, 4H), 1.27-1.19 (m, 1H); 3C NMR (100 MHz, CDCl;) & 146.54 (d, Jc.p
=3.2 Hz), 132.4 (d, Jcp = 98.2 Hz), 131.67 (d, Jc.p = 2.8 Hz), 131.13 (d, Jcp = 9.2 Hz), 129.95 (d, Jcp
= 5.1 Hz), 128.39 (d, Jcp = 11.6 Hz), 128.16 (d, Jc.p = 8.0 Hz), 126.82 (d, Jc.p = 2.5 Hz), 44.06, 37.57
(d, Jcp = 66.5 Hz), 34.32, 26.80, 26.07; 3'P NMR (162 MHz, CDCl;) é 29.63. This compound is

knownl!l,

/gfﬁ?Ph
Ph
~o

(4-methoxybenzyl)diphenylphosphine oxide (7d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
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(59.2 mg, 92% yield) "H NMR (400 MHz): § 7.71-7.66 (m, 4H), 7.50-7.41 (m, 6H), 7.01 (d, /= 6.8 Hz,
2H), 6.72 (d, J = 8.4 Hz, 2H), 3.72 (s, 3H), 3.59 (d, J = 13.6 Hz, 2H); 13C NMR (100 MHz): 6 158.4,
132.2 (d, Jop = 98.8 Hz), 131.7 (d, Jep = 2.5 Hz), 131.1 (d, Jep = 9.0 Hz), 131.0 (b), 128.4 (d, Jep =
11.5 Hz), 122.7 (d, Jep = 8.1 Hz), 113.8, 55.1, 36.9 (d, Je.p = 67.1 Hz); 3'P NMR (162 MHz): & 29.80.

This compound is knownl!l,

0o
/7
P<
PhO

(4-phenoxybenzyl)diphenylphosphine oxide (8d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(73.7 mg, 96% yield) '"H NMR (400 MHz, CDCl;) § 7.73-7.68 (m, 4H), 7.54-7.49 (m, 2H), 7.47-7.42
(m, 4H), 7.33-7.28 (m, 2H), 7.10-7.04 (m, 3H), 6.96-6.92 (m, 2H), 6.84-6.81 (m, 2H), 3.63 (d, /= 13.6
Hz, 2H); 3C NMR (100 MHz, CDCl;) 6 157.12, 156.07 (d, Jc.p = 3.3 Hz), 132.2 (d, Jcp = 98.3 Hz),
131.81 (d, Jcp = 2.7 Hz), 131.38 (d, Jc.p = 5.1 Hz), 131.13 (d, Jc.p = 9.1 Hz), 129.64, 128.49 (d, Jcp =
11.6 Hz), 125.85 (d, Jcp = 8.1 Hz), 123.15, 118.84 (d, Jc.p = 2.7 Hz), 118.73, 37.27 (d, Jc.p = 66.5 Hz);

3IP NMR (162 MHz, CDCls) 6 29.44. This compound is known!!l,
0]

mﬁiph

Ph

([1,1'-biphenyl]-4-ylmethyl)diphenylphosphine oxide (9d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(44.1 mg, 60% yield) 'H NMR (400 MHz, CDCI3) & 7.75-7.70 (m, 4H), 7.54-7.50 (m, 4H), 7.48-7.38
(m, 8H), 7.33-7.30 (m, 1H), 7.18-7.16 (m, 2H), 3.70 (d, J = 13.2 Hz, 2H); '3C NMR (100 MHz, CDCl;)
0 140.62, 139.57 (d, Jcp = 3.0 Hz), 132.2 (d, Jc.p = 98.5 Hz), 131.85 (d, Jcp = 2.5 Hz), 131.16 (d, Jcp =
9.2 Hz), 131.2 (d, Jcp = 9.2 Hz), 130.1 (d, Jc.p = 8.0 Hz), 128.69, 128.5 (d, Jc.p = 11.7 Hz), 127.19,
127.07 (d, Jcp= 2.5 Hz), 126.93, 37.73 (d, Jcp = 66.1 Hz); 3'P NMR (162 MHz, CDCI3) 4 29.64. This

compound is known!t!],

Ph P/P

([1,1'-biphenyl]-3-ylmethyl)diphenylphosphine oxide (10d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
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(45.6 mg, 62% yield) 'H NMR (400 MHz, CDCl3) & 7.74-7.69 (m, 4H), 7.51-7.46 (m, 2H), 7.44-7.32
(m, 9H), 7.30-7.23 (m, 3H), 7.13-7.11 (m, 1H), 3.69 (d, J = 13.6 Hz, 2H); 3C NMR (100 MHz, CDCl;)
§ 140.97 (d, Jep = 2.7 Hz), 140.58, 132.1 (d, Je.p = 98.4 Hz), 131.69 (d, Jep = 2.7 Hz), 131.47 (d, Jep =
7.9 Hz), 131.08 (d, Jep = 9.0 Hz), 128.96 (d, Jep = 5.1 Hz), 128.85 (d, Jep = 5.2 Hz), 128.67 (d, Jop =
2.3 Hz), 128.45 (d, Jcp = 1.1 Hz), 128.36, 127.11, 126.94, 125.47 (d, Jc.p = 2.9 Hz), 38.07 (d, Jcp =
65.8 Hz); 3'P NMR (162 MHz, CDCls) 6 29.52. This compound is knownl(!l,

Ph

&
py/ Ph

([1,1'-biphenyl]-2-ylmethyl)diphenylphosphine oxide (11d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(38.3 mg, 52% yield) '"H NMR (400 MHz, CDCl;) § 7.61-7.58 (m, 1H), 7.49-7.41 (m, 6H), 7.37-7.29
(m, 7H), 7.28-7.21 (m, 2H), 7.12 -7.10 (m, 1H), 6.98-6.96 (m, 2H), 3.72 (d, J = 14.0 Hz, 2H); 3C NMR
(100 MHz, CDCls) & 142.57 (d, Jcp = 6.1 Hz), 140.90, 132.4 (d, Jcp = 98.3 Hz), 131.60 (d, Jep = 2.7
Hz), 131.08 (d, Jcp = 9.2 Hz), 130.82 (d, Jcp = 4.3 Hz), 130.22 (d, J = 2.2 Hz), 129.45, 128.73 (d, Jcp
= 7.5 Hz), 128.37 (d, Jcp = 11.7 Hz), 128.10, 127.41 (d, Jcp = 2.7 Hz), 126.90, 126.81 (d, Jcp = 2.8
Hz), 34.32 (d, Jc.p = 66.2 Hz); 3'P NMR (162 MHz, CDCls) 6 29.89. This compound is known!(!l,

Ff?
Ph/ Ph
F

(4-fluorobenzyl)diphenylphosphine oxide (12d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(32.9 mg, 53% yield) 'H NMR (400 MHz): ¢ 7.71-7.66 (m, 4H), 7.51-7.49 (m, 2H), 7.46-7.42 (m, 4H),
7.09-7.05 (m, 2H), 6.87 (dd, J = 8.4, 8.4 Hz, 2H), 3.61 (d, J = 13.2 Hz, 2H); '3*C NMR (100 MHz): ¢
161.8 (dd, Jc.p =243.9, Jcp = 3.2 Hz), 132.0 (d, Jcp =97.8 Hz), 131.8 (d, Jc.p = 2.5 Hz), 131.5 (dd, Jcp
=3.4, Jcr=3.4Hz), 131.0 (d, Jcp = 9.1 Hz), 128.5 (d, Jcp = 9.6 Hz), 126.7 (dd, Jcr = 7.9, Jcp = 3.0
Hz), 115.2 (dd, Jcp = 21.3, Jcr = 2.2 Hz), 37.1 (d, Jcp = 66.4 Hz); 3'P NMR (162 MHz): 6 29.39 (d, J

= 4.7 Hz). This compound is known!!],

o
Ph/ Ph
Cl
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(4-chlorobenzyl)diphenylphosphine oxide (13d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(35.6 mg, 56% yield) 'H NMR (400 MHz): 6 7.71-7.66 (m, 4H), 7.54-7.51 (m, 2H), 7.47-7.43 (m, 4H),
7.15 (d, J = 8.4 Hz, 2H), 7.05-7.03 (m, 2H), 3.61 (d, J = 13.6 Hz, 2H); 13C NMR (100 MHz): ¢ 132.8 (d,
Jep=3.4Hz), 132.0 (d, Jcp =98.9 Hz), 131.9 (d, Jcp =2.3 Hz), 131.3 (d, Jcp = 5.1 Hz), 131.0 (d, Jcp
=9.1 Hz), 129.6 (d, Jcp = 7.9 Hz), 128.6 (b), 128.5 (b), 37.4 (d, Jc.p = 65.9 Hz); 3'P NMR (162 MHz):
0 29.18. This compound is known!!l.

&
Ph/ Ph
Br

(4-bromobenzyl)diphenylphosphine oxide (14d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(33.3 mg, 45% yield) '"H NMR (400 MHz): 6 7.69 (dd, J = 11.2, 7.2 Hz, 4H), 7.55-7.51 (m, 2H), 7.48-
7.43 (m, 4H), 7.30 (d, J = 8.0 Hz, 2H), 6.98 (dd, J = 8.4, 2.0 Hz, 2H), 3.59 (d, J = 13.2 Hz, 1H); 13C
NMR (100 MHz): 0 132.0 (d, Jcp = 2.6 Hz), 131.9 (d, Jcp =96.1 Hz), 131.7 (d, Jcp = 5.2 Hz), 131.4 (d,
Jep=2.4Hz),131.0 (d, Jop = 9.1 Hz), 130.1 (d, Jcp = 8.0 Hz), 128.5 (d, Jcp = 11.7 Hz), 120.9 (d, Jcp
= 3.5 Hz), 37.5 (d, Jcp = 65.7 Hz); 3'P NMR (162 MHz): 6 29.09. This compound is known(!l,

.
PH
F4C

Diphenyl(4-(trifluoromethyl)benzyl)phosphine oxide (15d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(21.6 mg, 30% yield) 'H NMR (400 MHz): ¢ 7.72-7.67 (m, 4H), 7.55-7.51 (m, 2H), 7.48-7.43 (m, 6H),
7.22 (d, J=17.2 Hz, 2H), 3.70 (d, J = 13.6 Hz); *C NMR (100 MHz): 6 135.4 (d, Jcp = 7.9 Hz), 132.1
(d, Jop = 2.5 Hz), 131.8 (d, Jcp = 99.4 Hz), 131.1 (d, Jcp = 9.1 Hz), 130.0 (d, Jcp = 5.0 Hz), 129.0 (q,
Jep=29.3 Hz), 128.6 (d, Jcp = 11.8 Hz), 125.3 (b), 124.2 (q, Jcr =271.1 Hz), 37.9 (d, Jc.p = 64.9 Hz);

3IP NMR (162 MHz): 6 29.13. This compound is known!(!l,

0 p

P
( /Ph
(benzo[d][1,3]dioxol-5-ylmethyl)diphenylphosphine oxide (16d).

Flash column chromatography (silica gel: 25% DCM in EA) afforded the title compound as a white
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solid (46.3 mg, 69% yield) 'H NMR (400 MHz): 6 7.75-7.70 (m, 4H), 7.55-7.51 (m, 2H), 7.48-7.44 (m,
4H), 6.67-6.54 (m, 3H), 5.89 (s, 2H), 3.58 (d, J = 13.2 Hz, 2H); '3C NMR (100 MHz): § 147.5 (d, Je.p =
2.4 Hz), 146.5 (d, Jep = 2.9 Hz), 132.2 (d, Jep = 98.5 Hz), 131.7 (d, Je.p = 2.2 Hz), 131.0 (d, Je.p = 9.0
Hz), 128.4 (d, Jep = 11.6 Hz), 124.4 (d, Jep = 8.2 Hz), 123.2 (d, Jep = 6.1 Hz), 110.4 (d, Jep = 4.6
Hz), 108.1 (d, Jop = 2.5 Hz), 100.8, 37.6 (d, Jep = 48.9 Hz); 3'P NMR (162 MHz): & 29.34. This

compound is known!t!l,

C e
py FPh

(naphthalen-1-ylmethyl)diphenylphosphine oxide (17d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(60.9 mg, 89% yield) 'H NMR (400 MHz): § 7.92 (db, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.71-
7.66 (m, SH), 7.47-7.46 (m, 2H), 7.40-7.36 (m, 6H), 7.26-7.24 (m, 2H), 4.12 (d, J = 14.0 Hz, 2H); 1*C
NMR (100 MHz): 6 133.7 (d, Jcp = 1.7 Hz), 132.4 (d, Jop = 4.1 Hz), 132.3 (d, Jc.p = 98.9 Hz), 131.7 (d,
Jop=2.2 Hz), 131.1 (d, Jcp = 9.0 Hz), 128.6 (d, Jcp = 6.1 Hz), 128.5, 128.4 (d, Jcp = 11.6 Hz), 127.7
(d, Jcp = 10.2 Hz), 127.6, 125.8, 125.5, 125.0 (d, Jcp = 6.1 Hz), 124.2, 34.8 (d, Jcp = 66.4 Hz); 3'P
NMR (162 MHz): § 29.73. This compound is known!'l.

/P/ioPh
Ph

(naphthalen-2-ylmethyl)diphenylphosphine oxide (18d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(53.3 mg, 78% yield) '"H NMR (400 MHz): 6 7.76-7.65 (m, 7H), 7.56 (s, 1H), 7.52-7.48 (m, 2H), 7.45-
7.39 (m, 6H), 7.23 (d, J = 8.4 Hz, 1H), 3.81 (d, J = 13.6 Hz); '3C NMR (100 MHz): ¢ 133.3 (d, Jcp =
2.4 Hz), 132.3 (d, Jcp = 98.4 Hz), 132.2 (d, Jcp = 1.8 Hz), 131.9 (d, Jcp =2.4 Hz), 131.8, 131.2 (d, Jcp
= 9.1 Hz), 129.0 (d, Jcp = 6.6 Hz), 128.7 (d, Jc.p = 8.2 Hz), 128.5 (d, Jcp = 11.6 Hz), 128.2 (d, Jcp =
4.2 Hz), 127.9 (d, Jcp = 1.5 Hz), 127.6 (d, Jcp = 6.9 Hz), 126.0, 125.7, 38.3 (d, Jcp = 66.0 Hz); *'P
NMR (162 MHz): § 29.51. This compound is known!'l.
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O
Jor.
Benzyldi-p-tolylphosphine oxide (19d).
Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(46.7 mg, 73% yield). '"H NMR (400 MHz): § 7.58-7.53 (m, 4H), 7.23-7.22 (m, 4H), 7.18-7.09 (m, 5H),
3.61 (d, J = 14.0 Hz, 2H), 2.36 (s, 6H); *C NMR (100 MHz): 6 142.0 (d, Jcp = 2.6 Hz), 131.3 (d, Jcp =
7.9 Hz), 131.0 (d, Jcp = 9.4 Hz), 130.0 (d, Jcp = 5.3 Hz), 129.0 (d, Jcp = 100.9 Hz), 129.0 (d, Jcp =
12.0 Hz), 128.2 (d, Jc.p = 2.5 Hz), 126.5 (d, Jc.p = 2.8 Hz), 38.1 (d, Jc.p = 66.3 Hz), 21.4; 3'P NMR (162

MHz): § 29.92. This compound is known!!l.

O\
Ph—,

P
NS
o)
>0

Benzylbis(4-methoxyphenyl)phosphine oxide (20d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(45.7 mg, 65% yield). '"H NMR (400 MHz): § 7.51-7.46 (m, 4H), 7.07-7.00 (m, 5H), 6.84-6.82 (m, 4H),
3.71 (s, 6H), 3.50 (d, J = 14.0 Hz, 2H); 3!C NMR (100 MHz, CDCls): ¢ 162.2 (d, Jcp = 2.7 Hz), 133.0
(d, Jcp=10.4 Hz), 131.6 (d, Jcp = 7.8 Hz), 130.1 (d, Jcp = 5.2 Hz), 128.3 (d, Jcp = 2.3 Hz), 126.6 (d,
Jep = 2.8 Hz), 123.7 (d, Jc.p = 104.9 Hz), 113.9 (d, Jcp = 12.6 Hz), 55.3, 38.6 (d, Jc.p = 66.9 Hz); *'P
NMR (162 MHz, CDCls): 6 29.63. This compound is known!!'l. This compound is known!(!],

Ph
Ph—

P
\
JIOA
Ph

Di([1,1'-biphenyl]-4-yl)(benzyl)phosphine oxide (21d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(55.9 mg, 63% yield). '"H NMR (400 MHz): ¢ 7.81-7.76 (m, 4H), 7.69-7.66 (m, 4H), 7.61-7.59 (m, 4H),
7.48-7.44 (m, 4H), 7.41-7.36 (m, 2H), 7.22-7.16 (m, 5H), 3.72 (d, J = 14.0 Hz, 2H); 3!C NMR (100
MHz, CDCly): 6 144.5 (d, Jcp = 2.7 Hz), 139.8, 131.7 (d, Jcp = 9.4 Hz), 131.1 (d, Jcp = 7.9 Hz), 130.8
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(d, Jep = 99.7 Hz), 130.1 (d, Jc.p = 5.1 Hz), 128.9, 128.4 (d, Jcp = 2.3 Hz), 128.1, 127.2, 127.1, 126.8
(d, Je.p = 2.8 Hz), 38.2 (d, Jcp = 66.4 Hz); 3'P NMR (162 MHz, CDCls): 29.64. This compound is

knownl!l,

Cl
Ph—\ Q
P
\
JOL
Cl

Benzylbis(4-chlorophenyl)phosphine oxide (22d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(43.2 mg, 60% yield). '"H NMR (400 MHz): § 7.62-7.57 (m, 4H), 7.44-7.41 (m, 4H), 7.21-7.20 (m, 3H),
7.10-7.08 (m, 2H), 3.63 (d, J = 14.0 Hz, 2H); 3'C NMR (100 MHz, CDCl;): 6 138.6 (d, Jc.p = 3.3 Hz),
132.4 (d, Jcp = 10.0 Hz), 130.3 (d, Jcp = 99.9 Hz), 130.3 (d, Jc.p = 8.1 Hz), 130.0 (d, Jcp = 5.3 Hz),
128.5 (d, Je.p = 2.3 Hz), 127.1 (d, Jcp = 2.9 Hz), 37.9 (d, Jc.p = 67.1 Hz); 3'P NMR (162 MHz, CDCl;):

0 28.56. This compound is known!!l.

CF4
Ph—

P
N\
DA
F5;C

Benzylbis(4-(trifluoromethyl)phenyl)phosphine oxide (23d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a white solid
(45.4mg, 53% yield). '"H NMR (400 MHz): ¢ 7.86-7.81 (m, 4H), 7.73-7.70 (m, 4H), 7.27-7.20 (m, 3H),
7.13-7.10 (m, 2H), 3.72 (d, J = 13.6 Hz, 2H); 3!C NMR (100 MHz, CDCl;): 6 135.9 (d, Jcp = 96.0 Hz),
134.0 (qd, Jc.r = 65.5 Hz, Jcp = 5.4 Hz), 131.6 (d, Jcp = 9.3 Hz), 130.0 (d, Jcp = 5.3 Hz), 129.8 (d, Jc.p
= 8.2 Hz), 128.7 (d, Jc.p = 2.6 Hz), 127.3 (d, Jcp = 3.1 Hz), 125.6-125.4 (m), 123.4 (q, Jcr =271.1 Hz),
37.6 (d, Jcp = 67.0 Hz); 3'P NMR (162 MHz, CDCl;): 29.58; HRMS (ESI) m/z: [M+H]" calcd. for
C,1HsFsOP: 492.0837; found: 492.0838.

gp(o)(OEt)z
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Diethyl benzylphosphonate (24d).

Flash column chromatography (silica gel: 50% PE in EA) afforded the title compound as a light yellow
solid (38.7 mg, 85% yield). '"H NMR (400 MHz): ¢ 7.313-7.243 (m, 5H), 4.04-3.97 (m, 4H), 3.15 (d, J
=21.6 Hz, 2H), 1.24 (t, J= 7.2 Hz, 3H); *C NMR (100 MHz): ¢ 131.4 (d, Jc» = 9.1 Hz), 129.7 (d, Jc.p
= 6.5 Hz), 128.4 (d, Jcp = 2.9 Hz), 126.8 (d, Jcp = 3.5 Hz), 62.1 (d, Jc.p = 6.7 Hz), 33.7 (d, Jc.p = 137.3
Hz), 16.2 (d, Jcp = 14.1 Hz); 3'P NMR (162 MHz): 6 26.53. This compound is known!!l.

o

(E)-1,2-diphenylethene (1e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (25.2
mg, 70% yield). "H NMR (400 MHz): 6 7.49 (db, J= 7.2 Hz, 4H), 7.35-7.31 (m, 4H), 7.25-7.23 (m, 2H),
7.08 (s, 2H); 13C NMR (100 MHz): 0 137.2, 128.6, 127.5, 126.4. This compound is known[?!,

oh

(E)-1-methyl-4-styrylbenzene (2e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (27.9
mg, 72% yield). 'H NMR (400 MHz): § 7.51-7.49 (m, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.36-7.32 (m, 2H),
7.26-7.22 (m, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 2.8 Hz, 2H), 2.35 (s, 3H); 3C NMR (100 MHz):
0137.4,134.5,129.3, 128.6, 128.5, 127.6, 127.3, 126.4, 126.3, 21.2. This compound is known[?],

S
\o‘

(E)-1-methoxy-4-styrylbenzene (3e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (22.7
mg, 72% yield). "H NMR (400 MHz): § 7.49-7.43 (m, 4H), 7.35-7.31 (m, 2H), 7.24-7.20 (m, 1H), 7.08-
6.94 (m, 2H), 6.91-6.88 (m, 2H), 3.80 (s, 3H); *C NMR (100 MHz): § 159.2, 137.6, 130.1, 128.6, 128.1,
127.6, 127.1, 126.5, 126.2, 114.1, 55.2. This compound is known!?l.
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(E)-1-chloro-4-styrylbenzene (4e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (19.3
mg, 46% yield). 'H NMR (400 MHz): J 7.50-7.48 (m, 2H), 7.43-7.40 (m, 2H), 7.37-7.33 (m, 2H), 7.32-
7.30 (m, 3H), 7.28-7.23 (m, 1H), 7.05 (d, J = 2.8 Hz, 2H); '3C NMR (100 MHz): ¢ 136.9, 135.8, 133.1,
129.2, 128.8, 128.7, 127.8, 127.6, 127.3, 126.5. This compound is known!?l.

o0 g
~o
O\

(E)-1,2,3-trimethoxy-5-styrylbenzene (Se).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (41.8
mg, 77% yield). 'H NMR (400 MHz): ¢ 7.52-7.50 (m, 2H), 7.38-7.34 (m, 2H), 7.27-7.25 (m, 1H), 7.02
(d, J=2.8 Hz, 2H), 6.74 (s, 2H), 3.91 (s, 6H), 3.87 (s, 3H); 13C NMR (100 MHz): ¢ 153.3, 137.9, 137.1,
133.0, 128.6, 128.5, 128.1, 127.5, 126.3, 103.5, 60.9, 56.0. This compound is known[?],

W,
/
&

(E)-but-1-ene-1,4-diyldibenzene (6e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (34.0
mg, 74% yield). '"H NMR (400 MHz): § 7.34-7.26 (m, 6H), 7.23-7.17 (m, 4H), 6.42 (d, /= 15.6 Hz, 1H),
6.29-6.21 (m, 1H), 2.79 (t, J = 7.6 Hz, 2H), 2.56-2.50 (m, 2H); 13C NMR (100 MHz): ¢ 141.7, 137.7,
130.3, 129.9, 128.4 (b), 128.3, 126.9, 125.9, 125.8, 35.8, 34.8. This compound is known!*].

o8

(E)-1-styrylnaphthalene (7e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (34.0

mg, 74% yield). "H NMR (400 MHz): 6 7.83-7.78 (m, 4H), 7.72 (dd, J = 8.8, 1.6 Hz, 1H), 7.56-7.54 (m,
S46



2H), 7.48-7.41 (m, 2H), 7.39-7.35 (m, 2H), 7.29-7.19 (m, 3H); '3C NMR (100 MHz): § 137.3, 134.7,
133.6, 133.0, 129.0, 128.7, 128.7, 128.2, 127.9, 127.6, 127.6, 126.6, 126.5, 126.3, 125.8, 123.4. This

compound is known(?!,

(2-benzylprop-1-ene-1,3-diyl)dibenzene (8e).

Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (25.5
mg, 45% yield). "H NMR (400 MHz): 6 7.49-7.44 (m, 6H), 7.36-7.32 (m, 3H), 7.24-7.23 (m, 2H), 7.08-
6.95 (m, 3H), 6.90-6.88 (m, 3H), 3.81 (s, 4H); *C NMR (100 MHz): § 159.2, 137.6, 130.1, 128.6, 128.1,
127.6, 127.1, 126.5, 126.2, 114.1, 55.2. This compound is knownbl.

o X O
1
(E)-5-styrylbenzo[d][1,3]dioxole (9e).
Flash column chromatography (silica gel: PE) afforded the title compound as a light white solid (34.0
mg, 74% yield). '"H NMR (400 MHz): ¢ 7.48-7.46 (m, 2H), 7.35-7.32 (m, 2H), 7.25-7.23 (m, 1H), 7.06
(d, J = 1.6 Hz, 1H), 7.04-7.00 (m, 1H), 6.94-6.90 (m, 2H), 6.79 (d, J = 8.0 Hz, 1H), 5.95 (s, 2H); 13C
NMR (100 MHz): 0 148.1, 147.2, 137.3, 131.8, 128.6, 128.3, 127.3, 126.9, 126.2, 126.1, 121.4, 108.3,

105.5, 101.0. This compound is known[3],

Reference
(1) L. Liu, Y. Tang, K. Wang, T. Huang, T. Chen, J. Org. Chem. 2021, 86, 4159—4170.

(2) J. Luo, Y. Liang, M. Montag, Y. Diskin-Posner, L. Avram, D. Milstein, J. Am. Chem. Soc. 2022,
144, 13266—13275.

(3) J. McNulty, P. Das, Eur. J. Org. Chem. 2009, 24, 4031-4035.

(4) L. Chen, Y. Hisaeda, H. Shimakoshi, Adv. Syn. Cat. 2019, 361, 2877-2884.
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7. Copies of 'TH NMR, 13C NMR and 3'P NMR spectra of products

£0°T,
90L'T
120,
€701
9T
T
Z07'14
0771
LETT
€571
957'T
TLTTA
€L7T
9LTTY
wwm_J
P62zl
zIeT
6vee
698°¢1
L88°€1
506°€
946°¢ 1
6LEE
9H0H
850k
$90"7
100
7301
680
660+
IR
LOT'F
120y
GET'F
AaRa
091"+
LOTH
7zss
8pss
955°s
7es°s!
POEL—
mwm.n\ﬁ.
S0S°L
605°L1
€152
615°L]
PTs'L
8TSLA
£gsLd

St p—

T Fsre
= 8o's

== =001

x = 0I'E
= *80'C

-1.0

0.0 -0.5

0.5

1.0

2.0

2.5

3.0

4.5 4.0 ki
f1 (ppm)
'H NMR spectra of (diethoxyphosphoryl)(phenyl)methyl diethyl phosphate (1c).

5.0

7.0

75

8.0

9.0

mav..v.f_
€09°¢1
9IL'STH
83L°¢1
9L0°91
€erol
LB1'OTH
Tvm.oi_

06Z'€97
80€°€9
PSEED
6LEED
£9L°E0
178°€9
YL6'ED
1£0°+9
PS9EL
YILEL
Sm.wﬁ
SESL
189°9L
000°LL
greLLd

:..w.hm;

6L8LTT
0vT'8Tl
9§T'8TT
898'871
£68'8T1
6P EE]

i

-10

70 60 50 40 30 20 10

180 170 160 150 140 130 120 110 100 fl(gpopnj 80
I3C NMR spectra of (diethoxyphosphoryl)(phenyl)methyl diethyl phosphate (1¢).

90

S48



65T'1-
£¥0°1-
S§6591
01891

>

-160 -210

-110

60 30 -30 -70
f1 (ppm)
3IP NMR spectra of (diethoxyphosphoryl)(phenyl)methyl diethyl phosphate (1¢)

90

130

I,
PITT
670
TELTH
LY
6¥L'L
SOT'14
£2T14
I+7'T
LST'T

6ST'TA
FLTTA
LLTT
8714
76714
¥6T°1

—arrr—

o
LO€'L]

6IET
m.wm.mxw

Y
9t8'€
£08°€+
£88°€

106°€
056°€

896°€]
0L6°¢]
TH0'F
090°t

L90°¥
SLOT
6L0't
980°t

90T+
611+
STIH
LET'H
T
SSTH
)%

s8t's
z1s°s
615°s
STS'S

ZLlL
z61°L]
28¢°L1
£65°L

20t°L

— T

—

-

£IViL-

={0'E
e

—66'C

s

00|

=0T
=60

1 (ppm)

"H NMR spectra of (diethoxyphosphoryl)(p-tolyl)methyl diethyl phosphate (2¢).

S49



00 = o o 00 =

— OO~ v v Oy WO 1O NSO OO NN O T Ao ®

I S I - - = IR~ B i -\ B = e o e O~ =0 — = = G =

N ot o B S MEEMmAGNaaETMA SHA-—m®C35

Sz R R R ] G v v oo oon e e oo oonoen o — G O 0 O v v v

( Pro I EnRnEnEninie Dl LU ] Qo=

lo NN L e L N e

“Ps,
3
e

190 130 170 160 150 140 130 120 110 100 90 80 70 G0 50 40 30 20 10
f1 (ppm)

13C NMR spectra of (diethoxyphosphoryl)(p-tolyl)methyl diethyl phosphate (2¢).

25 ot
\‘] / cw 84
oS I 0 e
Py N
0
Oy
P
g o
| 1
130 90 60 30 0 -30 -70 -110 -160 -210
f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(p-tolyl)methyl diethyl phosphate (2¢).

S50



Ty
€111

8TI'T+
TET'T
TARE
61T

60711
97T
FFTT
SSTTH
LSTTH|
LT
SLTT

7871
0671
£67°T
6671

LTET
09577

Is8°€

1L8°€

£L8°€

688°€

168°€

606'€

PO
SF0 |
950t
¥o0°t

990"t
FLOP
7301
z60 v
00T"H

FOTH
90Tt
£TTH
T ¥
9STH
90T}
$8b's
11s°s4{f
8T5°s+
SPS'S

go1'z y 9

65T'L] :
cer TSI
05°L b

ors'L]
£zgL]

il'

~60°€
2006

=00t

e

OO’

~€0°T |

hEOE

-1.0

0.0

0.5

1.0

3.0

3:5

4.0
f1 (ppm)

45
'"H NMR spectra of (diethoxyphosphoryl)(m-tolyl)methyl diethyl phosphate (3c¢).

8.5 8.0 715 J0 65 60 55 50

9.0

L8S'SL
gs9sl
ZILst
PRLSL
69091
LZL9L \

z8
23;
88L'IT

POEED
SSEEY

9ZLED
EBLED
8TO'ED
SEG'EY
ElLEL
mxh,mpy
FIr'SL
EGP'SL
Z899L
000°LL
6leLL

LBR'FE L
0p6'rel

SZTL'8Ll
mwv,xm—v.

%

98z'eEl
O88'LEL

80

:
%
f1 (ppm)

13C NMR spectra of (diethoxyphosphoryl)(m-tolyl)methyl diethyl phosphate (3c¢).

170

180

100

130

160

90

S51



o
&e
N . ¥ o5 8K
] —_—— T
Q. s
I/ Pso N
I
il
Py,
I
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 T T T T
150 130 110 90 80 70 60 BO 40 20 20 10 O —Z0 —40 —80 —E0 -100 -120 -140 160 —180 —Z200 -2z20 240

f1 (ppm)

dlethoxyphosphoryl)(m tolyl)meth

diethyl hosphate (3¢).

'~<

3IP NMR spectra of

(»4 ~

L
£

T L) T L Y L
o mwo o a4 % fon e
8 &8 8 o g 53858
- w- = o o Sen ot
T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 80 .5 7.0 6.5 6.0 5.5 5.0 4.3 40 3.5 a0 2.5 20 1.5 Lo 0.5 0.0 -0.5 -LO
f1 (ppm)

"H NMR spectra of (diethoxyphosphoryl)(o-tolyl)methyl diethyl phosphate (4c¢).

S52



| |W| I

T

T T T T T T T T T T T T T

r | | | 1 T 1
190 180 170 180 150 140 130 120 110 100 % g0 70 €0 50 0 0 20 10 0 -10
f1 (ppm)

13C NMR spectra of (diethoxyphosphoryl)(o-tolyl)methyl diethyl phosphate (4c¢).

[l sl PN
D oo
_/ MR a0
o. ° D e
R “N
NG9 S
f
L
I
150 130 110 90 80 70 60 BO 40 20 20 10 O —Z0 —40 —80 —E0 -100 -120 -140 160 —180 —Z200 -2z20 240

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(o-tolyl)methyl diethyl phosphate (4c).

S53



0501
890'1
0801
PST'T
TLT'T
0611
TITT
§TTT
T
0971
180T~
e
ST8'€A
866°€+
Z00't
LTOP
070+
LT0°t
90 P
90" -k
034
180+

9801/

et | e

See's

[3¢'s
LBE'S
vIF'S

—

J80°€
S6'€
o'

-10°¢
~E0'g

+80°C

Fzo9

=001

=80°C

10 05 00 -05 -10

125

2.5 2.0

3.0

3.5

4.0

f1 (ppm)

'"H NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethylphenyl)methyl diethyl phosphate (5¢).

4.5

55 5.0

6.0

85 80 75 70

2.0

ono.v.T_

€T6°ST
S68°ST
TL9ST

LS T
089%
+60'91/
P10
S0T'9TH
L¥E07
00T°€9,
LOT°€94
GET €9
PI9'E94
[L9E9
w@.movﬁ
+58°€9
OF9EL
GOL'EL
95E'SL
oTF'S L]
[89°9L
000°LL
GLELL

Sw.oﬂ
omm.oﬂw
zLL'6T1
018'§€1~
sorost/

OP(Q){OEt),
PLO)OEL),

-10

30 20 10

40

80 70 60

90

180 170 160 150 140 130 120 110 100 £1 (opm)
13C NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethylphenyl)methyl diethyl phosphate (5¢).

190

S54



80€°T-
060°T-

08691
66I°LT

OP(Q){OEt),

P(O)NOEL),

-160 -210

-110

-70

f1 (ppm)

30 -30
3IP NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethylphenyl)methyl diethyl phosphate (5c¢).

G0

90

130

€L0°TH
9L0T
16011
£60°T+
80T'T+
It
66111
LTTTH
SET'1H
8€T'TH
e |
ST
8sT'1
£LT'TH
0LT'T
9871+
90€'T
1Z€'T-
978'¢
PH87E
168°€
798°¢
608'€
hww_m%
150+
FS0P
890+
£L0't
9.0t
980°t
¥60°t
101+
AN
PITH
61T
RS
TETH
8ET b
0ST 1
LSV
S6'5H
12561
675°5
pss's
LLE L]
86€ 'L
8T¥ L
EEFL
0§t"L
pstL

—

= 80'¢

o0 8]

= 007

A

S0°g

1.0

15

2.0

35 30

4.0
f1 (ppm)
'"H NMR spectra of (4-(tert-butyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate (6¢).

4.5

5:0

855 80 S TD

9.0

S55



— o oW
[« 0] e~ b~ = \D O =W wWwo kOl o r‘lOO\!“lﬂ‘l\\Og{“IO\
[= =) oo o = D WO MWeEAD =0 WOMmOWamM -l
o} — = O Ly R e o e s e M = Lo b = i = e
“v‘lp’ i v Ao ol FEGwividrmoomoonee oo =008 0 ey
XC;(A‘O = N e e | TR
Pu
e}

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1C
f1 (ppm)

13C NMR spectra of (4-(tert-butyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate (6¢).

8353
o [
o) ,O_/ [ g 2 :
Qg ( - = T
g0 NN
>‘/©)\ o
P
50
° U
|
130 90 60 30 0 -3 -110 -160 -210

0 -70
f1 (ppm)
3IP NMR spectra of (4-(tert-butyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate (6¢).

S56



§90°T
£80°11
0014
0811
8611
9171+
o€z 1
BFT'T-
99714
sLT 1
671
8L
LS8E
898°€1
0€0°F
8F0°F
§50°F1
€L0°F1
790t ¢
160°%-§
001°F
8_@

LITY
€Iy

LZ8°¢
w*m.ww
€558

owm..vL_

£FEL
6LE'L
06€°L

£6E°L

L5

R

e

PTS

967
10'g

zo'sl

0’

10§

109

1.0 0.5 00 205 -1d

L5

35 30 235 20

4.0

55 5.0 4.5
f1 (ppm)
'"H NMR spectra of (3,5-di-tert-butylphenyl)(diethoxyphosphoryl)methyl diethyl phosphate (7¢).

6.0

6.5

7.0

8.0

8.5

9.0

60F'ST
€8PSl
[T&ST
P6S'ST
€06°sT
[96°¢ 1T
LLO9T
SET91
SLOTE~
LESTFE—

[I6'T9
886°C9
900°€9
LEV'E9
FIS€E9
[89°¢9
9€L’E9
OLT'¥VL
wmm.ﬁhv.
788'sL
[S6°SL
[89'9L
000°LL
0ZELL

rTreel
mwﬁ.mmﬁv
61FTTI
0€ETEL—

LFFOST—

-10

10

20

30

40

70 60
S57

80

90

170 160 150 140 130 120 110 100 £1 (opm)
13C NMR spectra of (3,5-di-tert-butylphenyl)(diethoxyphosphoryl)methyl diethyl phosphate (7c¢).

180

20



FOET-
+80°1-
09891
I80°LT
o
0
o f
o
s

-70 -110

-30

30

f1 (ppm)

3IP NMR spectra of (3,5-di-tert-butylphenyl)(diethoxyphosphoryl)methyl diethyl phosphate (7c¢).

60

210 170 130 90

250

8011+
0Ir't
STI'TH
8TI'TH
EFTTH
oFT'T
9611+
PITTA
€214
S9T'TH
LOT'TA
€871+
§8T'1
S67'14
00€'T4
€061
m:.;
0€E'T
ZI8'€,
0€8'€
8¥8's
L£99°€
$88°€
mmojh
SHO'b
1507}
850°++
$00°t4
890't
9.0t
780t
901"t
LITE
ARE
LTTH
SEI'T
THT P
P 1
£STH
65Tk
LoV's
€615+
oom.v.%
975's
96891
81691
L L
TSVL
691"L
£L¥L

——

/80€
Zo0e
Loto

~€0°€
~LO'8

=00

=£0'C

00 -05 -1.0

0.5

1.0

1:5

2.0

2.5

35 30

4.0

f1 (ppm)

'"H NMR spectra of (diethoxyphosphoryl)(4-methoxyphenyl)methyl diethyl phosphate (8c).

65 60 55 50 45

7.0

85 8.0

2.0

S58



hww..mT_
81976 T4
8LOST
0sL'ST
8€091
#6091
PSIOT
TIcol

LZOSS
LET'E91
0ST'€94
TIT°€94
L19°€9
SLYED
wmw.mo%
§28°€9
OET'EL
LOEEL
08._@%
oF0'S L]
[89°9L"
000°LLA
6leLL

0E9'ETT—

0EE'STT~,
96€'6T1
65F'6T1

786651
§00°091

-10

60 50 40 30 20 10

70

80

90

f1 (ppm)

13C NMR spectra of (diethoxyphosphoryl)(4-methoxyphenyl)methyl diethyl phosphate (8c).

100

110

170 160 150 140 130 120

180

90

85T~
TE0'T-
[.3°91
LGO'LT

-160 -210

=70 -110
S59

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(4-methoxyphenyl)methyl diethyl phosphate (8¢).

-30

30

G0

90

130




=) o o A0 LWV O =MW \OWr-O0 00t 00
=t o ™ NAWY o ANV T AN GO T G N
\j _/ (4 ) h£50c i o i T e Ml e R e i U S el L H B e o i
[ [l o o VJV.V.V.Vrvvvvrvrvvrvrrpmmzﬂgﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂ
O\F‘L( | [ s ey e — e, e
g%y
0 ;
dlp“o/\,
O‘\
|
1
|
|
M “
|
! W -
f m ol [
O o [=] - o =+ =
<2 < Qe @
[ B — wion o o o
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1:5 1.0 0.5 0.0 0.5 1.0

2
2

. 7

O

L
16.634

N

i

o/

T
8¢ 16.424
!

-1.09:
-1.30

250 210 170 130 90 30 0 -30 -70 -110

60
f1 (ppm)
13C NMR spectra of (diethoxyphosphoryl)(3,5-dimethoxyphenyl)methyl diethyl phosphate (9¢).

S60



8L§ST
£59°51
999°s1
GEL'ST
05091
80191
SP191
70791
GST1°5§T
£PT'E9
GLT'E9
80€°€9
6rEED
osLeoqd
308°€9+
976°€9
5
SLOEL
€8E°SL
owo_o%
000°LL]

|
GLELLY

e e

800°10T
€€0°T0T-
8857°501-
SHO'S01

EOF'SEl—

LOF 091
9TF 091

-1t

70 60 50 40 30 20 10

80

120 110 100 - (_?p%n)
3IP NMR spectra of (diethoxyphosphoryl)(3,5-dimethoxyphenyl)methyl diethyl phosphate (9c¢).

130

140

180 170 160

90

97I'T,
8TT'T
PPT T
T I
191°TH
POT'T
£17T+
1£7°T+
S¥T'T
PLT T
9LT'TH
%m,TW
1671
wmmﬂﬁ
90€'T

£7€°T
£08°¢,
088°€1
268 '€+
916°¢
LB6'E
850"t
$90°F+
9L0F
£30°t
$60F
10T+
61T 1+
£TTH
0ET P
LETP
1+
SPTH
SST 1

65T

901 1
F0S'S
1£5°5+
ges s
o575
850°L
6L0°L]
S:;
LBV'L

T0S°L-
[RVE
SIS L]
615°L
PTs Lo
zesLt

—

e

-

i

F¥I'8

=001 [

=L0T

=207

-1.0

-0.5

0.0

4.0
f1 (ppm)

"H NMR spectra of (diethoxyphosphoryl)(4-fluorophenyl)methyl diethyl phosphate (10c).

4.5

5.0

55

6.0

6.5

BS 80 75 70

9.0

S61



169°1
€9L'ST
808'sT
088's1
o191
6191
§9T°91
zzeor

FFEED,
S0t'€9
ILP'€9
$58°€9
FI6°€9
8L0F9
oET'+9
196°ZL
I€0°EL

380°FL
LSL'PL
789°9L
000°LL
gIeLLd

—e——t e L e

€9T ST
cpm,m:W
mhw,v.:\
w6rsIt
Tes6Tl
86L'6T1
668671
GLY'6T T
IP6'6T1

TELTOT
09L191

661491
9TZHo1 T s

(=
™ o pﬁo
O
§o
LMU

w

W

-10

30 20 10

40

70 60

180 170 160 150 140 130 120 110 100 5 (onpn) 80
I3C NMR spectra of (diethoxyphosphoryl)(4-fluorophenyl)methyl diethyl phosphate (10c¢).

90

MON.TV

$86°0-

86591

FEE9OL
18€°91
| FASH 18

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(4-fluorophenyl)methyl diethyl phosphate (10¢).

-30

G0 30

90

130

S62



T4
oFT'T
11
o1
6L1'T
18T’
057’1
KT TH
997+
LLTT
08714
€371+

$67°1
3671
00€°T+
71T
s1e T
a1e1/
hww,J

706°€
06'€4
906°€
126°¢
¥I6°€
mmmL
$00+-1
720t
70t
L90F
FLOF]
98071
760
L60F
ot
SITH
PELY
sy
65TF
LT+
LTF
00s's
LTSS ﬁ

€55
195°s
+5€°L
sLeid
08t L]
SSh'L
IitL
oLt

2
P'\

4

o

‘\_/0:!:'

cl

rIrs

oot

80T
01T

25 20 1.5 10 05 00 -05 -1.0

3.0

3.5

£l (ppm)

"H NMR spectra of (4-chlorophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (11c).

4.0

4.5

5.0

6.0

6.5

7.0

TS5

8.0

9.0

£€69°¢1
STLST
LPL'ST
GI8'ST
1ot
0LT9T
6191
0sT91

N

§SE'E0
¥IrE9
L6V'E9
8L8'€01
LEGED
680°F9
LYTFO
SI6TL
£36°TL
6eovL
869°FL-

789'9L
000°LL

GIE'LL

S

whv.wm;
06F'8Tl
wmo.mmﬁw
98T'6T1
ocﬁ.mmﬁ\
vmh.vmlx
LT8FEL

-1C

60 50 40 30 20 10

S63

70

80

100 90
f1 (ppm)
I3C NMR spectra of (4-chlorophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (11c¢).

110

120

140 130

0

5

160 1

170

180

190



EEC I
ﬁmo.Tv
99091
whm.oﬁv

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of (4-chlorophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (11¢).

-30

G0 30

90

130

LYT'T
6¥T'T

FOT'T
L9T'T
st
¥8T'1

ez
0ST'T1
89711
LLTTH
08714
S6T'T

wmmAnW

N—m.ﬁx

016
068°¢-
L06°€

v76°¢ ]
176
1#6°€
L00F

ST0P
870
oF0F
L90F

£LOP
3014
160+
8607
€01
orTH
orTH
05TF

£ETH
6YTH]
ZsTH]
SSTH
ST H
oL
LLTY

€875
605°51
L15°5]
brs's

z8¢ L]
18572
£0bL]
0bL

T1§°L1

TESL”

Jroe
./wm.v.

01’8

=001

-1.0

0.0

0.5

1.0

3.0

45 40 35
f1 (ppm)

5.0

85 80 75 70 65 6.0

9.0

'"H NMR spectra of (4-bromophenyl)(phosphoryl)methyl phosphenite compound with ethoxyethane

(12¢).

S64



Wioon [~ Oy O W e
Wt O Wl WO MNO =M~ womwib v — wc\ﬁﬁlw%v—!w
Ot o0 OO0 HOW\OO\SFF“-M\OOF\IVOO o Cvnoon vy
N oo/ o et MSErE83 = =58umam R R
Q. oo oo el e M~~~ O === ononon o mn O OO v
Foo { et CEEEERRIIEEEEE Sossnnan
o o] e e — S ey e —
¢
B s

Br

150 léO ]';U léD 1;0 1:10 1.;0 IL;O 11‘0 ]EJO 5 (ilr%n) SIO 7I0 GIU SIO 46 36 2‘0 IIO lI] -IIO
13C NMR spectra of (4-bromophenyl)(phosphoryl)methyl phosphenite compound with ethoxyethane
(12¢).

o ( c
oo
Br e I\
I ‘1.‘30‘ IQ‘U. IG‘UI ISIUI IlI]I I-S‘DI 7 -?IO‘ -1‘10I I I-1I60I o I-2I10I I
f1 (ppm)
3IP NMR spectra of (4-bromophenyl)(phosphoryl)methyl phosphenite compound with ethoxyethane

(12¢).

S65



~
o

-Tale 2 M

SFT'T =

£9T°1+ - =

St . i 8€L'ST
1811 s & |
£31°1 - -2 a. FISST

a 17 £68'sT
1£T°14 2 .

a " 06191
SYT'TH S g
9971 o 05291
w.\.m,L = 79791

ol = o
T6T14 uwm.m ~ 5 €2€°91

y r
0TIET-E |h._ Awo_o " w
L38°€ o o
7067¢y = 8TP'E9
176°¢ o 2 66b°€0
6E6'€ — ™ Lm 9LS€0
LoG'E " g £96'€9
000" F e P 020'F9
£001 MJ 0919
sl - 43834
g = 0I6bL
ST0t & ks

1 “ 180°9L—F
0t L =)

e s 000°LL
ol - JE 8 BIELL
690t - Pigdl ], W ]
080+ .LM PHse =

a = 198°%6
L3017} P .IV.,. L6’'F6
$60°1 M= 2
860t o
SOT'+] -2 Lnur
£1T°h 2
£TT°H e omeall ogre S
Crang (i == FOOTF o W“
L & < STS'6TT
g s O 785671
£ST'H] = SOPEET—
PO o 6TFLET
Lty ) L LET
6811 .
09F's 2 o)
L8YS I m
-~ e v
sous) I

= =01'T

T (oF
wmwh; r o 8
£FTL o P

e SOy [
65T'L N L e Iy
¥oT L] Oy b M o
167°L g ° Z. /°
60L°L] ) 9 o
6TL L @

-10

60 50 40 30 20 10

S66

70

170 160 150 140 130 120 110 100 5 %:gpm) 80
13C NMR spectra of (diethoxyphosphoryl)(4-iodophenyl)methyl diethyl phosphate (13c¢).

180

90




[ezil-
:o.Tv.
¥88°ST
mao.oﬁv.

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(4-iodophenyl)methyl diethyl phosphate (13c¢).

-30

G0 30

90

130

8HIT
IS1°1

991°1{
6911
#8114
981°1

1$2'11
69711
LLTTH
1871

9871
§6T°T

6671
10£°T
m:@
91€]

61€T!
SI6°€,
TE6'€
616°€
L96'€

10+
150°t
90+
690'F
1L0F
680+
¥60+
€0L'F
LOT+
Al
ST+
RAR
621+
PEIT
61
otT '+
IST+
65T+
FOL'F
69T+
OLT 't
L3TH]
F6LF
76575
619°5]
870°¢
$59°5
€871

L

SYO'L-

Rho,m
=10°€
A,v.o,o

rIrs

=001

=80F

=10

-0.5

0.0

1.0

1.5

35 30 25 20

4.0

f1 (ppm)

'"H NMR spectra of (diethoxyphosphoryl)(4-(trifluoromethyl)phenyl)methyl diethyl phosphate (14c¢).

4.5

5.0

7.5 70 65 60 355

8.0

8.5

9.0

S67



w.v,h..v,T_
ST8'STH
6¥8'STH
0Z6'sT
91291
6LT 9T
[ve9l

EVs'E9
019°€9
869°€9
6CL'E9
Fo0'¥9
A3 8 4
0ET9
09€¥9

M

IITEL
BLT'EL
LOS'FL
L8 FL
780°0L
000°LL
greLL

g6L'611

.v,ﬁw_NNL
I81°SZI
8¥T'STI
8LT'STI
S0€'STI

888°LTI
966°LT1
050°8Z1
SOLOETY
S6L0ET
680°T€1
LITTET
€PeLETY

./r\O;
3z
o,
I =

o
1
o

FsC

u“

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 9 80 70 60
f1 (ppm)
13C NMR spectra of (diethoxyphosphoryl)(4-(trifluoromethyl)phenyl)methyl diethyl phosphate (14c¢).

90

L'l
0L6°0-
66O°ST
86851

O

by

-160 -210

-110

-70

f1 (ppm)

-30
3IP NMR spectra of (diethoxyphosphoryl)(4-(trifluoromethyl)phenyl)methyl diethyl phosphate (14c¢).

G0 30

90

130

S68



LLTTy
P61 T
71714
SLT'T

YT T+
7671
zoe'T
01E'T

61T
Emi
bEE L
63661
266°€ |
6111
6ZT'F
LETH
L¥T A
LSTH-f
99T %}
PLTE

£81F

00T ¥

0L9's
969's
S0L's

TEL'S

SL8L~
656°L7"

L

#90°¢E
~o0'6

60T

=119

=001

35 30 25 20 15 10 05 00 -05 -1.0

4.0

£1 (ppm)

'H NMR spectra of (3,5-bis(trifluoromethyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate

(15¢).

4.5

55 5.0

6.0

7.0

80 7.5

8.5

9.0

789°S I

RIS
0s8 1614
sorzet
pRTTET
656951

-10

70 60 50 40 30 20 10

80

90
£1 (ppm)

3C NMR spectra of (3,5-bis(trifluoromethyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate

(15¢).

180 170 160 150 140 130 120 110 100

190

S69



L9T°T-
hom.o.v.
Fes L
FeLFL v.

-110

-70

-30

30

f1 (ppm)

3IP NMR  spectra of (3,5-bis(trifluoromethyl)phenyl)(diethoxyphosphoryl)methyl diethyl phosphate

(15¢).

60

90

130

170

210

250

6911,
ILT'T

LST'TH
6811
F0Z' T
90T

0971+
0LTTH
9LT'T

8871+
¥62°T+
90€' T}

60T
e
LTET

6z
986°E
1s6°¢]
ts6¢]
696°¢]
L6'E

186°¢
290t
$90°F
690°%

PS0F-|
L3S0
60"+
1o0rt

901t}
ZIy]
6L1F]
AR

08Tk
LET]
Zr1 ]
SPT b
ssTH]
L1
161°F

185°s
L0905
8195 |

vvc.w%

S19°L
619°L]
959°.]
0F9'L

799°L

|

oLL-

L JE0E
J

=€0°€
Amo.w

60T |

09

R00'T

£0T
10T

S70

4.0

f1 (ppm)

'"H NMR spectra of (4-cyanophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (16¢).

4.5

5.0

8.0

8.5

9.0



lenon O~ oo~ on
Wk~ = v o WO = MYV Wl ool aomoxa
[=R= - B R VoY - QIO m Nl ~ 0O O E=R R )
HERIS N O WO MM~~~ OO o~ o= 00 00 I~
[e] o= — 09 W 00~
Q. N Men o 0] O] o D e - - e B T - - - o B B T ] OO O v
P. — o e I‘-I‘-I‘L-I‘L-I‘-I‘-I‘-\O\O\O\D\O\O\OA\O Dot o ad e
R N e

I L m

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

13C NMR spectra of (4-cyanophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (16¢).

-0.989
-1.190

-/
15.414
15.215

i
{
K

210 170 130 90 60 30 0 -20 -60 -100 -150
f1 (ppm)

3IP NMR spectra of (4-cyanophenyl)(diethoxyphosphoryl)methyl diethyl phosphate (16¢).

S71



L0€
\L o6

m,,oo.m

L E00'L

1.0 05 00 -05 -1.0

1:5

2.0

50 45 f;lgppnjis 30 25
"H NMR spectra of (diethoxyphosphoryl)(4-nitrophenyl)methyl diethyl phosphate (17c¢).

7.5 7.0 6.0 55

8.0

9.0

[8°6 T,
06°sT
916’1
[LG'ST
[£T91
F0E9L
0s€91

e

$69'€9,
[OL°€9
o1I8°€9
088°€9
orT 9
66279
[la s
S0SH9
TSYTL
616TL
9ES L
T09'vL
739°9L
000°LL
QIELL

i N S e

LSFETT
whw.mmﬁw.
£6£°8T1
OFF 8Tl

LOT'TH I~
SIO8FI
h.vo.wv.ﬁw

—

-1(

180 170 160 150 140 130 120 110 IOUfl (;gn) 80 70 60 50 40 30 20 10
13C NMR spectra of (diethoxyphosphoryl)(4-nitrophenyl)methyl diethyl phosphate (17¢).

190

S72



¥
15.248
15.052
0.942
1.139

Ot i
gp‘o(o Sl N
Pl
o
=}
OZN/@)\ K
130 90 60 30 0 -110 -160 -210

-30 -70
f1 (ppm)
3IP NMR spectra of (diethoxyphosphoryl)(4-nitrophenyl)methyl diethyl phosphate (17¢).

— = 00— — - OO O el o 8 oo =]
00O A= ol fRERE ®entdogx ok = O W= O
oy e Iele o sl Ll el ioL o 26 e e e
oo ot o] ol 'f‘l'ﬂ'f'f wrvrvrvrvr‘rrmmm_am ~~~~~~~
N e A — Lt — e e

T ool

[o]

=
.

(| il v i b
— (=] [ ] o wy o
(== =] == o QD
[ B e | — o~ o (=0 s
T T

0 85 80 75 70 65 60 535 50 45 43 3.5 30 25 20 1.5 1.0 05 00 -05 -1.0

"H NMR spectra of (diethoxyphosphoryl)(4-(methylsulfonyl)phenyl)methyl diethyl phosphate (18c).

S73



00 00w O 00O
w01 00 <t 00 0O O = O W00 F‘lV:FChF‘H [ = =N ]
OOl - 0=yl (= o~ \O00 o 00 on <t 00 w=
\W / on S G v v g 0 = 0~ O vl ==
o} et T N . s e ot T R 0 S 2 o G i
[o I A | O =t o oo oon o OO0V
’F'\( ~~~~~~ [l el oull sl ool aulll ol \OO\JO\O\O*}' v—<v—<v—<v—<:<v—<
a0y e e e Y T =
J
P
Nege
W
Py
(o)

Ii ” i - I

0 70 60 50 40 30 20 10 0 -10

90 180 170 160 150 140 130 120 110 100 90 8
f1 (ppm)

I3C NMR spectra of (diethoxyphosphoryl)(4-(methylsulfonyl)phenyl)methyl diethyl phosphate (18c).

= 0 g
o ]
T s e oo
o D
Fo ! W o]
o
F.
g g e ™
-5
Q
210 170 130 90 60 -20 -60 -100 -150

30 0
f1 (ppm)
3IP NMR spectra of (diethoxyphosphoryl)(4-(methylsulfonyl)phenyl)methyl diethyl phosphate (18¢).

S74



8L0°TH
180°1

96011
6601
PITT
9IT'T

EIANE
IEARE
SFI'1

SFI'T

9T T4
99T 1+
SOT' T4
081'T4
+0Z 14
09Z'1-
8cz1
sz
£+8°€-
68 '€
198°€

198'€
L98°€
6L
$88'¢

866°€

GI0't

rHO't

001+’
9IL'Sy
LS

0SL'S
SLL'S

897°L
L9 L
£8€°L

98¢€'L

€0V L
20F"L
€TH LA
[ZF LA
9T L}
QTH LY
zerLd
0S¥ 'L
TEh LA
£oF°L
LOF'L

¥ L
8rgL-

=

90'€
‘l\Im %%_N

(0Bt

Fh  OP{O)OEt,

a

je0v
'60'€

609

'"H NMR spectra of [1,1'-biphenyl]-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (19¢).

200°T

-1.0

-0.5

0.0

0.5

1.0

55 A0 45 40 35 30 25 20

6.0

f1 (ppm)

mmv,.w:
085'S T4
h@m.mﬁ»
[S1°8 8

810791

vho.oﬁﬁ
65191
vAm.OT_

870°£9,
¥60°€£91
THT €91
TIE€Y]
319°£9
.Fo.mou%
SOL'€9
79L°€9
mwo.%i‘“
F.o.ot‘"
0TL 1L
£8L1L]
189°04
000°LL]
SGHL44,
TFELTTA
99€°LT 14
[10°8T 11
S19°8T14
6£9°8T 1
s |
896'6T1—

699°6ET~
SOTTPI
L8T'TFT

2
IO}t

PR OPFDIOE ),

.8

-10

30 20 10

40

70 60

180 170 160 150 140 130 120 110 100 5 ag)nj 80
I3C NMR spectra of [1,1'-biphenyl]-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (19¢).

190

S75



TLL'T-
w..mv..Tv
0T0'LT
h.vm.hﬁv

Ph  GP{O)JOEt),

Q)\momah

50
£1 (ppm)

3IP NMR spectra of [1,1'-biphenyl]-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (19c).

-210

-160

-110

-80

-20

60 30

90

130

87Ty
OFL'T
€911
ZET'T
64711
L9T'T
€LT'T
$87°T
7671
L6T'TH
STE T
£EETA
988°¢
906°€+
¥76'¢
TH6'E
620°F
TLOF
610t
€80
060°t
L60'F
10T+
80T+
ST
CIA R
LTLH
0€T '+
SHI'F
% e
€91F
(TARS
08It
981+
€LS'S

009°s

L09'S

rE9's

LST'L
65€°L

RE%
Lzve-t

hﬁ.&
sopL
YLS'L
LLS'L
€65°L
L6S'L
019°L
1€0°L

& f
w
o 2
s g
a
a

Neg

00’

JE0°T
2607
609

1.0 05 00 -05 -1.0

1:5

2.0

3.0

35

4.0
f1 (ppm)

'"H NMR spectra of [1,1'-biphenyl]-4-yl(diethoxyphosphoryl)methyl diethyl phosphate (20c¢).

80 75 70 65 60 355 50 45

8.5

2.0

S76



OmMm A= O M

OP(O}{OEt), ERIBRIREL E%%gﬁaﬁgﬁgaﬁgg SHNERREaE

— O 0o 00 00 I~ e e (o e T A T o ST R

P{O)}OEY b i s I o B o o e [~ 0w woonon S oS e oon o0 oonoon OO D O e

2 o = = AL NN - ) R Enknkn

% — e i S el e

|
]
o ﬂ l

o SPWER | CRR Y | M I y .

90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

I3C NMR spectra of [1,1'-biphenyl]-4-yl(diethoxyphosphoryl)methyl diethyl phosphate (20c¢).

OP{O)OEt)

16.804
16.588

-0.927
-1.143

PIO)OEH,

pé
1

Ph

-110 -160 -210

130 90 60 30 0 -30 -70
f1 (ppm)

3IP NMR spectra of [1,1'-biphenyl]-4-yl(diethoxyphosphoryl)methyl diethyl phosphate (20c).

S77



PLO'T
LLO'T
7601
7601
6011
ZIrT
TITT
0€27'T
8T T
LOZ7'T+
0LT T4
$9T T
9971
¥6T°1
£0€°T
90€°1
ZIET
ogeT!
698°¢
118'€
€L8°€
638
768°¢+
0I6°€
z30t
680°7-f
00T#
(RS
LOT'Y
PITH
0zI'F
AR
0€TY
8Pt
09T+
99T+
8Ll
6vL st
S6T°LA
TS
8IS L
0TSt
978t
SESL
799°L]
€99°L
N
€L8°L
£68'L
€66°L

=yt

90°€
760°€
JQQN
LE0'E

rers

=001

60T
=90'1
=0T'€
0T

1.0

-1.0

00 -0.5

0.5

3.0

3.5

4.0
f1 (ppm)

4.5

6.0

6.5

7.5 7.0

8.0

9.0

—
3)
—
N
N
O
+~
<
= 9691
S gorst
Lm 8r8's1
a, olest
. sITot
> SLTT
S 1zeol
m sLeor 9
=, STree
= sorE9 E
O 06rE9
g teseo
= 168'€9
> GH6'E9 ]
o 6P I
& oLTFO
O usEL
< OFO'bL B p—
< emose
me ISL'SL
& T899L
E o000l
2= 8IfLL
>
T
O LSO0'STI
Lnurooﬂ.v,ﬂ ;
T OFEoTT 3
.m L8S'OTT ]
Q. 60SLT1H 1
popnl ==
5 evoiz - —
= 9ST'87T —
O LIOTET
5 0I8°TET
~— 978°ZE1
S reeeet
o OOFEET!
§ =]
1)
2.
Q,
2 M wﬂoﬁl
& i ey
“ale

ke

-1¢

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

190

13C NMR spectra of (diethoxyphosphoryl)(naphthalen-2-yl)methyl diethyl phosphate (21¢).

S78



OLL'I-
hmw.o.v.
06591
£08°91
Q
/w o-0
(o]

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(naphthalen-2-yl)methyl diethyl phosphate (21¢).

-30

G0 30

90

130

06601
1660
L0014
60011
ST0'TH
LZ0°1
9£0°T-
9€0°T
£50°T
#50°T+
1L0°T-}
7L0'T]
6611

zoz'1
L1z
0ZT'1-
SET'T

2€T'T
¥LT T
z6T'1
z6T'1

01¢'T-
q0L°€

€LLE
OLL €]
98L°¢]
voL €
z1ee)
696'€

S66°E
Z10'+
SE0T]
LEO'Y

oL+
121+
It
PET b
LETH
OFT 1
IRANE

SSTH
95T 14
9.3%
S_.tﬂ
L0S LA

ST LA
ShS L
PLS'L

098"L1
088°L-

M.vo.m

=86'C(

280'¢
Jrho.m

EST'E

Feos

oot

lere
=1T'¢
7660

00 -05 -1.0

0.5

1.0

j

20

30

35

4.0
f1 (ppm)

'"H NMR spectra of (diethoxyphosphoryl)(naphthalen-1-yl)methyl diethyl phosphate (22c¢).

4.5

5.0

6.0

6.5

7.0

75

8.0

9.0

S79



LLE'ST
6P9'ST
IsLsT
£T8°ST
91001
€L09L
8LT9L
umm,cl

65€°€9
1LE€9
£TH'E9
£hFE9
£18°€9
1L8°€04
$90'+9
IZIF9
TVETLA,
PrOTLT
ISTFL
SSPvL
789°0L
000°LL
greLLd

€EL'ETTY
996 FZ 14
¥66FZ 11
978'ST I
95+97 T+
OV.O,R:W
960°LTT-£
o.&.,wm?ﬁ
TLS6TTY

86567 1
8L9°6T 1
109°0¢ T
§59°0¢ 1
s6teet

[

-10

80 70 60 50 40 30 20 10

90

170 160 150 140 130 120 110 100 i g
13C NMR spectra of (diethoxyphosphoryl)(naphthalen-1-yl)methyl diethyl phosphate (22¢).

180

190

FIT-
ﬁmm.o.v.
85891
mho.:v

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(naphthalen-1-yl)methyl diethyl phosphate (22c¢).

-30

G0 30

90

130

S80



081,
81T

L6T'TH
6611
S1T'TH
VI

S97'T
78714
00£T
90€°T+
608+
FTET
9TE'L
6£€°T
LsE'T
916°€-
£T6°¢€

FE6°E
1#6°€
756°¢
096°¢

280
$60't
00T+
LOT'F

T+
ONTL
ST
6T1F
€17
LPTH
SST
19T+ ﬂ
ST+

LT+
6L+
€817
hine 3
161+
LELT
$0T+
OTTH
el
ops’s

$957°5
£L5°S
265751
$+9°9

b L
£roLd

—

0™

0=P-0

n=e
SN

~°

FY

F00°%

—60'9

=001

=0T

=101
FE0'T

-1.0

3.5 306 25 20 15 10 05 00 =05

4.0
£1 (ppm)

"H NMR spectra of (diethoxyphosphoryl)(thiophen-3-yl)methyl diethyl phosphate (23c¢).

4.5

85 80 75 7.0 65 6.0

9.0

00L'ST,
1LL'STH
ST
ZI6's T
50291
89791
00£°9T
85824
60F'€9
SEF €9
ZLFE9
868'€0
168769
€209
180°%9
Tirsoy

739'9L
ooo.hhw

8IELL

J

SFO0LT
Hwo,o:v.

689°8I1—

TLTTPT
¥8TTK1
wmm,mwﬁ\.

%0
£1 (pom)

13C NMR spectra of (diethoxyphosphoryl)(thiophen-3-yl)methyl diethyl phosphate (23c).

30 20 10

40

70 60

80

180 170 160 150 140 130 120 110 100

90

S81



00Z°1-
6860~
€1591
vmn.wﬁv

50
£1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(thiophen-3-yl)methyl diethyl phosphate (23c).

-210

-160

-110

-30

-20

60 30

90

130

FLOT
809

=001

70T
00T
F60'T

1.0 05 00 -05 -1.0

15

2.0

2:5

3.5 30

4.0

£1 (ppm)

"H NMR spectra of Benzo[b]thiophen-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (24¢).

4.5

5.0

g0 75 7.0 65 6.0

8.5

2.0

S82



— 01 QY00 00 = O O 00
Qedode-® eSmoEedgRrgILgera — 00 Oy 00 o0 ol 09
AN o [ N - =] =R B Al =] = o1 [x o= o O W Gy - (=N
S 8w v oo e moe oS S O TR oD fo (o el =0 Sl i
e Qe T oo ol ol el el ol S0 == OO0 t<tonmemonom S OGO v v
0% — o e e e - 0= 0000 000000 — e -
Or/ N it — e e e e et
N
-0
D‘,

90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

13C NMR spectra of Benzo[b]thiophen-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (24c).

3352
R g
R Oc(
g O"pé!
] 1
|
210 170 130 90 60 30 0 -20 -60 -100 -150
£1 (ppm)

3IP NMR spectra of Benzo[b]thiophen-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (24c¢).

S83



~
[3)
W,
SOI'T4 s O
LoT'T e
ARE - m
STI'TH L 0 = £99°6 1,
OFT' T4 o, FEL'ST
TH'T _ o & swest
16714 = = 9I6°ST
¥6T 11 s Q& errotl
8011 [ =, [0£91
AL S eveol
oze 1y ooel 2 .o sovsl
oct Ly . 865 o
YSETF ‘ogl S
:.mi - 5 owe
oL s © 98L°€9
VE6°E Mo g  e8e9
wm,m_m R 18 £
S6'€ v -
9561 o~ 2 i
: S LT
LLG'E] Lo B oEw
s P g
l €I¥°LO
951ty [ .m. Z01°69
POL'Hy = P2 BLT69
I.:. | =071 O/W M 789°9L
LLTH ‘M Lrre| = & 000LL
€817 B &4 = oS ;
E O SICLL
S61'F L =
102 =
M = 1901
€IT¥ | o > g
zey) = T 6E7'801
e A peprrrd
TETH s = ol
0¥z Mo s mmwmﬂ/
et igames = T~
88T == 001 S 6Tl
092t Lise S5 fmeaa g
iz o O 9TS'LTI
8LTY Q
6¥Ls ] o =)
FLLS Y &
L8L'S
m %HO.H =) = .
€18 J\ - 01| © O 8KT6hT—
610°L .
L0 =3 01 S orrss—
STO'L e a8 B
oszLf =l 3
897'L] o [ - B N [
0LT'L 2 o w’ e 9 o w°
876°L % T e a4 oY b
el S O Ls | /ey
8IS'L Z.
¥86°L -
¥09°L Mo uh

-10

60 50 40 30 20 10

70

S84

80

90

170 160 150 140 130 120 110 100 £1 (ppm)
13C NMR spectra of Benzofuran-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (25¢).

180

20



880°T
901
€T
0£T'T
LYT T
$97°T4
6LTTH
LSTTH
96711
§0£'T
PIETH
Nmm.rﬁ .
$L8°€

¥68°¢
716°¢
0£6¢
YO
£50°F1
£90°t1
8L0°H1
960
£0T'h1
PITH
170,
ey 90T
GETT Feoo
STV ok
85T+
99Tt
691t
¥SIV]
0T+
6071

0SL'S— = 001
Rh.w%\ q

s8L's

118's

LEF'L
¥FL
[S¥L
9v'L

068'L ‘l_ =0T
ma.) 6T
\ ot /o

-110

=70

s10€

Lo

=30

S0E°T-

ooﬁ.Tv.
€071 7 r
Nﬁm,wHV F

£1 (ppm)

SIO
3IP NMR spectra of Benzofuran-2-yl(diethoxyphosphoryl)methyl diethyl phosphate (25¢).

60

90

130

170

F66'L
TEI'S~

vﬂ.& &5 = et
3818 ;o

2078

o_&.wM \ F # =201
8¥6'8 |

210

250

1.0 05 00 -05 -1.0

1:5

45 40 35 30 25 20
f1 (ppm)
S85

5.0

85 80 75 70 65 6.0

9.0

'"H NMR spectra of (diethoxyphosphoryl)(quinolin-6-yl)methyl diethyl phosphate (26¢).




VOO~ MMN—OWNnoOn
ooa\vr\o:’:owr-—'ﬂ-m O =N OOOONNS ;Y F O =~ cn >~ 00 0w
010—\ == T e B B v—<ooovaw::r-r-r-v—<vrwg\cwr- Qo om0 o
g S o6\ = oy ool N e e R e i iy e B s
o] R T I N S S =~ O Wi wvich ol st sfonoenod oo oenoen O D OO W v
o e e F=ib= B ibs b D0 N DD D W A —_— e =
fﬁ;f \ Ve St e eSS e
-
<0
o o}
N L.

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1

(ppm)
13C NMR spectra of (diethoxyphosphoryl)(quinolin-6-yl)methyl diethyl phosphate (26¢).
“\/D‘Pi) E § % %
- i 2 PIO_\ U L/I
Sy g OK
by
250II ZIOIII]%O "130‘"9‘0"6;?@11)36"[‘]"_3‘0‘"_7‘0"'_1'10‘ o

3IP NMR spectra of (diethoxyphosphoryl)(quinolin-6-yl)methyl diethyl phosphate (26¢).

S86



vad [4
=609
A.oo,

+S6'€
re6'E

=001

7.5

250 200 1S

3.0

4.5 4.0 3:5
£1 (ppm)
'"H NMR spectra of (diethoxyphosphoryl)(quinolin-2-yl)methyl diethyl phosphate (27¢).

5.0

6.5 6.0

7.0

85 8.0

9.0

6r8's1
6I6'ST
IvZo1
£0E0T
6I€91
6LEOT

LYL'E9
SI8'€9
EFTT9
90€+9
29E¥9
SIP'SL
P8F'SL

£€89°9L
000°LL
LTTLL

SOTLL
greLLd

SE9°€9
—onmow

88611
omo.hmﬁ/
hoc.hmﬁw
OFL'LTI
Nmmdmﬁﬁﬁ
618671
vow.omlﬁ
8T LYI—

LETRSI—

OP(O)OEY),

l

13C NMR spectra of (diethoxyphosphoryl)(quinolin-2-yl)methyl diethyl phosphate (27¢).

e
B

PIONOE!,;

-10

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

90

S87



P6eT-
wwﬁ.Tv
79¢°51
ncm.wﬁv.

-150

-60 -100

-20

0

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(quinolin-2-yl)methyl diethyl phosphate (27¢).

60 30

170 130 20

210

8.8°07
9680

£16°01
6Z€T+
£€€°TH
9€€T

€T
L¥ETH
0§€°T+
£5€°T
85€T
SOE'TH
89€ T+
TLET-
oLeT
SLFT
£3F'T

06511
§0S'T
18514
765'T

S00'T
£58'T1
6581
9081

0L8'T
PLST
8L8'TH
r88'1

1681
8681
ZIG'T

860+
oI+
PETH
£5T'+
POT't
PLT 't
LIRS
Z6I'h

0071
01zt
21T+
8TTH

967+
z19°+
$ZO°t
0€9°t

8£0°t
059+

—_

e

—

N O/ \OMI\
00 0o
A 7 "
g= B
(=]

-1.0

0.0

0.5

1.0

3.0

3.5
f1 (ppm)

"H NMR spectra of 1-(diethoxyphosphoryl)hexyl diethyl phosphate (28c¢).

4.0

4.5

5.0

vy
vy

6.0

85 80 75 7.0

9.0

S8&8



WO mWWwWmOWmT M VIO 10O O oo ol
S WO WO MmO SO WMl O WY m
( £ AR GV a0l Gl O 007i00 s [, e s oo B G e 08 O OO doied
oo NNl = OO SOl \0W Oy
0, Lol Sl el o = = B B e R R o o o B R I e B
/Wj':oz\ e W N e | el
(o]
[e]
/p:\/’
O’(IJ\

, . L H

13.766

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

13C NMR spectra of 1-(diethoxyphosphoryl)hexyl diethyl phosphate (28c).

[=Ja's] ]
£ &% It
0. .0 g8 7T
/Wj':of\ NSO
a
/ﬁ:ov’
o (I:I\
1
250 210 170 130 90 60 30 0 -30 -70
f1 (ppm)

3IP NMR spectra of 1-(diethoxyphosphoryl)hexyl diethyl phosphate (28¢).

S&9



0LT'Tq
LTl
L8714
06711
SOE'TH
6081
LT
0€€'T
SHE'T
7L8'1
aw.L
w%.:W
916'T1
616'TH
0€6°'T+
6€6'1
SH6'1
SS6°1
£€9°7
8+9°T
759
199°74
£99°7
089°7”
€0t
z90°F
080
260"t
oIrT't
[7ARS
STL'F
FELT
ot
ot
951+
ENRS
$O1 '+
LOT+
SLI'H
¥SIF
€611
Sm.w;
012"t
L
901°L
S8I'LA
YL
0§7T'L
197°L4
187°L°

ST0€

06

Ry

60T

Fros

FOO'T

#S0€
ALG'T

00 -05 -1.0

0.5

1.0

25 20

3.0

3.5
f1 (ppm)

'"H NMR spectra of 1-(diethoxyphosphoryl)-4-phenylbutyl diethyl phosphate (29c¢).

55 50 45 4.0

6.0

LT8'ST
968°ST
11791
$9T91
LIE9T
$69°97
w@.ﬁw
9LT0E]
+6Z0€4
ZLOSE

€979
01LZ9
£68°€9
768°€9
Is8°1L
€26°1L
THSELT
v10°€L)
mwo.o%
000°LL]
61essl

—oo.v.mﬁ/
[47) : 1A
wv.m.wﬁV.

L TVI—

-1C

10

70 60 S0 40 30 20
S90

80

100 90
f1 (ppm)
I3CNMR spectra of 1-(diethoxyphosphoryl)-4-phenylbutyl diethyl phosphate (29c).

110

120

170 160 150 140 130

180

190



i1~
w.w.m.o.v.
¥68°61
Hmo.cmv

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of 1-(diethoxyphosphoryl)-4-phenylbutyl diethyl phosphate (29¢).

-30

G0 30

90

130

L

P(O)CEY,
OP{O}{OEt),

96T
F06'S
S0'€

Fset

et

Frop

=660

001

7F0'0
56T
tS6T

-1.0

-0.5

0.0

1.0

1.5

35 30 25 20

4.0

f1 (ppm)

'"H NMR spectra of 1-(diethoxyphosphoryl)-2,2-diphenylethyl diethyl phosphate (30c).

4.5

85 80 75 70 65 6.0

9.0

S91



OO S oM m
o0 e n 0 oM Oy v~ — 0D W o M~ vt = O o
P(O}OEY R s B o R L T =R Rl 0 Ooh Wi — [N S
2 SO B ER G e R e e iRl — = 2O ® K
A L T B B o ot B o o B ) ~ 0~ 0 O \O <t < on opn o oon DD D W v
OP(O}OE); I RnRnnkn i inin [ AN O an v v e e
el A e e e ——— e

190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 -1

90
f1 (ppm)
13C NMR spectra of 1-(diethoxyphosphoryl)-2,2-diphenylethyl diethyl phosphate (30¢).

T mey
oS F Ao
P{OHOE| S S5S
(1 fore =& i
OP(ONOED), v
130 20 60 30 0 -20 -80 -110 -160 -210

-50
f1 (ppm)
3IP NMR spectra of 1-(diethoxyphosphoryl)-2,2-diphenylethyl diethyl phosphate (30c¢).

S92



0680
¥06°0

80601
126°0
$76'01
9€6°0

14607
§56°01
£96°0

£L6°0-

136°0-%
95T T~

£0€°T
01£'T4
07E T
67¢'14
£€€°T

0€e' T
£F€ T
ote' T
Is€'1

€56
19¢°14
¥oe'1
80¢€°1

14T
88€° 1
00t 11
1€5°1

S€S°T
055'11
SLLT
YOI

ZTIH
671
ot1 '+
3282
L1
051+
991+

69111
€911
23111
107

S0T'+
6021
817°H
LTTF

THL

00 -05 -1.0

0.5

1.0

2.0

2.5

3.0

355

4.0
f1 (ppm)

o
45

50

5.5

6.0

7.0

75

8.0

8.5

L16T°L-

'"H NMR spectra of 1-(diethoxyphosphoryl)-2-ethylhexyl diethyl phosphate (31¢).

9.0

IV —.—.n_
S06'T1
OF6'ET
0€6'ST
786°ST
666°ST
10£°91
€91
1oro1/
oozz!
8EF6T—

Nhh.:.V
860287
TES'T9
L09°79
£€8°€9
¥68°€9

L88EL
¥96'€L
b
681t
§566L]
££9°5L
Lesid
585
789°9L
000°LL
BIELL

OP(O)(DE),
P(ONOEN:

10

70 60 S0 40 30 20
S93

Al

170 160 150 140 130 120 110 100 5 (%%n) 80
13C NMR spectra of 1-(diethoxyphosphoryl)-2-ethylhexyl diethyl phosphate (31c).

180

90



9€8°01
8¥3°0
¥L60
£00°TH
SE0°T
SH0'T
PLOTA =
00111
LOT'T
SET° T
95714
L8TTA
LIE T e wo's
61€T < 3509
YEE T 20°€
LE€T
obE'1
IS€°1
951
¥9€° 1
80€°T
FLET
SIH'1
LTF T
A
oFs 1
Em.lﬂ - Fole
whv.:T LO'S
7L0T *ITo
coﬁ.m% =L 6.0
881°T

61T
02T
07T
¥60t
TITH
0€T 1
aNe
LOT 1
98It
L6T 1
POZ P =
SITH
mom N

ﬁrﬁw 0
ZETH o5 |

0571 9

S8L'Y /\o,pv. A v m
S6LF <]

€181 S
PIE L

-110

Ll.o.@

-70

!
5
o
(=]
[ae}

-30

I
!
e
o
(=)
—

050°1-
1v0'1-
£76°0-
60€°0T

8FE0T [
€k 0T

8L¥°0T F

i
0

30

f1 (ppm)
3IP NMR spectra of 1-(diethoxyphosphoryl)-2-ethylhexyl diethyl phosphate (31¢).

60

130 90

170

o —
o} Duklo
|

210

250

1.0

35 30 25 20 15
S94

4.0

f1 (ppm)

'"H NMR spectra of (4-(tert-butyl)cyclohexyl)(diethoxyphosphoryl)methyl diethyl phosphate (32c¢).

4.5

5.0

6.0

6.5

7.0




IYOU ¥
L667ST
6€0°91
99091
L6791
LSE91
8IF'91
#0812
:.N_mmk
098'97
88697
T0v'LT
£€5°LT
1.4'ze]
S65°FE
LYSLE—

F1S°T97
oow.%%
$98°€9
$69°TL
CLLTL;
gse L f
Lerred
€LE'OL
05192
z789°9. ]
000°LL
BIELL
870°8L
YO1'8L

%
f1 (ppm)

13C NMR spectra of (4-(tert-butyl)cyclohexyl)(diethoxyphosphoryl)methyl diethyl phosphate (32c¢).

70 60 50 40 30 20 10 0 -10

80

180 170 160 150 140 130 120 110 100

190

orLl-
160°1-
¥o0°I-

0L6°0-
I6L'61 V

Y1661
wmo.ﬁm\

oFL'1T

-150

-60 -100

-20

0

f1 (ppm)

3IP NMR spectra of (4-(tert-butyl)cyclohexyl)(diethoxyphosphoryl)methyl diethyl phosphate (32¢).

60 30

170 130 20

210

S95



795°01
995°0

LLSOY
S0L°01
FIL O
ZTL0

97L 07
TFL 0

LVLO-L
89L 04
QR&
18L°0

80€'T ﬁ
$1€°T4
61T
TR
¥EET
TreT
SPETH
GVET
09¢'T
£9¢°T+
99¢'T1
8LETH
08¢
yge T
+16°¢]
8€6°¢
0S¥
6ET P
OFT P
CTARE
LST'F
99T '
FLT '
SLT'H
[C12
€611
10T+
LOTF
112+
YIZT¥
617+
0zTF
STTH
zsz v
57H]
YRT P
0s7v]
957

-

=

Tl

E 00T
F oo

-1.0

1.5 10 05 0.0

2.0

4.0
£1 (ppm)

8.5 8.0 7.5 70 65 6.0 55 5.0 45
"H NMR spectra of Cyclopropyl(diethoxyphosphoryl)methyl diethyl phosphate (33c).

9.0

th.m
oﬁ..ww
P9
£9€°TT
MS.&W
SELST
Sl
zoz'o1/

11529+
mnm.moM
6£9'79
079°€97
8.9°€94
189°9L
008°9L
1L8°0L
000°LL
6IELL
Trs8L
ACETA

-1

30 20 10

40

180 170 160 150 140 130 120 110 100 fl(’é;:‘)]pn) 80 70 60
13C NMR spectra of Cyclopropyl(diethoxyphosphoryl)methyl diethyl phosphate (33c).

20

S96



-1.0

-+
-
=
-
0.5

-210

el
o
o]
—_
s
0.5

€ETI |I|h|d\ =101
€571 FEOT [

LIET — — 1500

oze 1§ = bres| w»

1.0

-160

-110

-80

=50
£1 (ppm)

3IP NMR spectra of Cyclopropyl(diethoxyphosphoryl)methyl diethyl phosphate (33c¢).

-20

9L0°[-
omw,o-v

.vmw..f
a:..wﬁv

30

60

€ET'LA F 2
nmm_Lﬁ = 6T
A

ST ANNS

s

90

(=]

v

o]

[

(.
.

!_
69T°L
087t ﬁo (o \o\

0Z8°L 0 Mg

8.5

o

0=P-Q
v
130

S97

"H NMR spectra of (diethoxyphosphoryl)(1-phenylcyclopropyl)methyl diethyl phosphate (34c¢).



o (= =
(T £ Bds REESEGEESREYRARE  SEEPECEEER
/\0 [ s ] —_ - OO0 mnmnomomnolololed D W W W W W W o o
5 6\\ — — - — OOOOOOO?(“-(“-(“-\O\D\C\D\D\D\D\C {‘\11—1—1—1—1—1—1—1:1
e RO e |
X3
1
U
]
[
I [ l’
|
[N}
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
13C NMR spectra of (diethoxyphosphoryl)(1-phenylcyclopropyl)methyl diethyl phosphate (34c¢).
— Oy
Q. ol EE
/P\_O 5299
q o\ SN
FhKP\
O}O
130 20 60 30 0 -20 -80 -110 -160 -210

-50
f1 (ppm)
3IP NMR spectra of (diethoxyphosphoryl)(1-phenylcyclopropyl)methyl diethyl phosphate (34c).

S98



[RNE
mmm.j
8EETH

6¥¢E'l
SSE'l
LOE'T
€LE'T

SOT by
€711
W'Y
65T
£9T '+
ELT Y
1811
S8t
061~
66T'F
£0Z'¥
017+
L1Tt]
1ZTF
87T
6TH b
e
Skbh
69t

=

—

[E€°L—

= 906
=80'71

F g
B 00T

1.5 1.0 0.5 0.0 -0.5

2.0

3.0

3.5

4.0

£1 (ppm)

5.5 5.0 4.5
"H NMR spectra of 1-(diethoxyphosphoryl)-2,2-dimethylpropyl diethyl phosphate (35¢).

6.0

7.0

7.5

8.0

8.5

9V8'sTy
$88'ST
616ST-
$S6'ST
69191
87791
19291
ozgotr!
960'07
LsLozd
SE6FE—

6¥779
12€79
£0F'Z9
£99°€9 |
€TLE9
88LE9
8F8°€E9
799°9L
000°LL
6IE°LL
08£°08
£ov°08
£00°Z8
93078

n' L1l

o

i

-1C

130 120 110 IOOt_l (ggn) 80 70 60 50 40 30 20 10
13C NMR spectra of 1-(diethoxyphosphoryl)-2,2-dimethylpropyl diethyl phosphate (35c¢).

140

180 170 160

190

S99



¥LIT-
080 Tv.
o9t'el
vS¥el

-110

-70

-30

60 30

90

130

170

210

250

£1 (ppm)

3IP NMR spectra of 1-(diethoxyphosphoryl)-2,2-dimethylpropyl diethyl phosphate (35c¢).

£56°1

6551

16T
LSE'T

99€'T-
69¢'1
rre1d
189°

7601
678'1

reg1
1107
LTTh
mﬂi
OFIHy
£STH
85T 4+
LT
OS.TW
63TF

F6T
807t
S17H
97T F

£ETH1
PP H
0.7t
6Ty

667
176!

=00'71
r 909
869
= S0'%

¥,

W

» 809
001

-1.0

2.0 1.5 1.0 05 0.0

25

3.0

3.5

4.0

f1 (ppm)

'"H NMR spectra of Adamantan-1-yl(diethoxyphosphoryl)methyl diethyl phosphate (36¢).

4.5

5.0

6.0

6.5

7.0

8.0

8.5

9.0

S100



tooOwmaoo W o - O W O S O W
Mhow ey on o= Q0 A=l —1?"!“!—1‘4’.0\!“1(\00—13
/ e D Qa0 0 g L G oo et GG Oy bt Mo
O-’O NN O~ 0 en ol el I~ 0 O O O OV w
%] 00 00 00 0 I~~~ O o oo R R R e B e B e B B B |
Sie e L feedeel — ) | s e
o. P
P
&0

190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 0 -10
f1 (ppm)

13C NMR spectra of Adamantan-1-yl(diethoxyphosphoryl)methyl diethyl phosphate (36¢).

19.226
19.130
-1.039
-1.135

S
{
<

210 170 130 90 60 -20 -60 -100 -150

30 0
f1 (ppm)
3IP NMR spectra of Adamantan-1-yl(diethoxyphosphoryl)methyl diethyl phosphate (36¢).

S101



79801
088°0

968°01
€571
§8T11
¥ZE'T

LTETH
0£€°T
€€
€T
I+E°TH
FHE T
LVE'T
RS
SSET
65€°T
7oE'1

S9ET
89€" 11
€LE'T
6¥8'T

§58°'1
7981
998'1 ]
048°L

78811
4881
+68°1
2061

9407
$60°F
€11+
EF

05T+
191+
ITARS
641+
061+
L61+]
30TF

SITF]
STTH
€7
9ETH

8091
079+
979°%
SE0F

v+

L

T

——

[6T°L”

__

J 00’
r00°sT

967
* ¥0'8
86°

007
L pog

F 008

E 001

-1.0

-0.5

0.0

1.0

25 20 15

3.0

3.5

5.0 4.5 4.0
f1 (ppm)
'"H NMR spectra of 1-(diethoxyphosphoryl)octadecyl diethyl phosphate (37¢).

55

6.0

85 80 75 7.0

9.0

LTU VL
676'ST
696'ST
000°9T
8€0°01
12€°91
§LE0l
Y1972
791624
88767
01€'6T
1L¥'6T
779°6C
116°0€
0s8'1€

el —

LILTO
£3L79
116°€9
0L6°€9
YO£ZL
LIETL
066°EL
¥90°bL
789°0L
000°LL
1€ LL

[N A e

|

Al

130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

140

1830 170 160

20

I3C NMR spectra of 1-(diethoxyphosphoryl)octadecyl diethyl phosphate (37¢).

S102



6C11=
§66'0-
€17°0T
LyE0T

-110

-70

-30

>

30

£1 (ppm)

3IP NMR spectra of 1-(diethoxyphosphoryl)octadecyl diethyl phosphate (37¢).

60

170 130 90

210

250

£98°0;
188°0

16801
2680
3977
Z0E'T

YT
LTET
0£€°T
£€€°T
8EET

THE' TN

SPE'T
greT
IsET
95674
65€'T
798
S9€ T
89€°T 4
€LET
98T
968°T
¥86°T1
0007
$10°Z1

S

707
$60+4
ST

AARE
0ST '+
FST+
91+

ST+
TLTH
081+
061+
361+
807 +1
9ITT

61+
STTH
PETF
6TE'S

FEes
£hE S
gres
Ise's

LSEs

—

187°L-

o,

Ay

§0'g

001

607

-1.0

-0.5

1.0 05 0.0

1:5

2.0

2.5

3.0

35
S103

4.0
f1 (ppm)

50 45
"H NMR spectra of (E)-1-(diethoxyphosphoryl)octadec-9-en-1-yl diethyl phosphate (38c¢).

5.5

g0 75 70 65 6.0

8.5

9.0



O
o F ZEBEE2E2LRT EBEIRASZLn8RTRET
o o oG DTS o TS Gy dat ooy by el s phle S e 6 g
[ B O st F OO OO D O DO
= [ nall nu Bl ol Sl B sl Y= = QY= s ] [agBlo s e s T o o' B o B ol I ol I o' It O I T T
~ e N e e e
OP(O)(OE),
/\/\/\‘/W\/\/\)\P(O)(OE%
]
1
| “ | |
, i “ L]
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 =1
f1 (ppm)
13C NMR spectra of (E)-1-(diethoxyphosphoryl)octadec-9-en-1-yl diethyl phosphate (38¢).
S —
o o
jeol o o
it 88 97

<\
o
<
L

250 210 170 130 90 30 0 -30 -70 -110

60
f1 (ppm)
3IP NMR spectra of (E)-1-(diethoxyphosphoryl)octadec-9-en-1-yl diethyl phosphate (38¢).

S104



LFT'Tq
6FT'T
YOI T+
LOT'TH
81T
S8I'T
9771+
TFTTH
1971
£87°T+
S8TTY

oom,HAw

OrE’T
6L8°E
968°€
£16'¢
916'¢
1€6°¢
£90°F
0L0"F7
180+
880+
660°F

LOT ¥

T
ST
6T1F
GET '+
£FT7
LPTH
9ST '+
191+
SOT 4
LT
LTP'S
€515
0915
£L6°S
LLG'S
78675
5865
68L°9
608°0
19691
1869
FFO'L
L¥O°L

€0E'L
1Z€T

—

e e

=

=T

150°L-

QP(O}(Et)

P{O)EY:

AH0E
5y06

~L0'8

=001

=061

JE0TT

ALO'T
501

-1.0

-0.5

0.0

1.0

1.5

2.0

2.5

3.0

3.5

4.0
£1 (ppm)

"H NMR spectra of Benzo[d][1,3]dioxol-5-yl(diethylphosphoryl)methyl diethylphosphinate (39¢).

65 60 55 50 45

7.0

For's1
Sos°Sl
809°S1
6LO'ST
9L6'ST
€091
0L0°91
LTTOI

[E€T°€9
00T'€9
979°¢9
§89°¢9
0z8'¢9
BEED

E‘.o,v,.._.v

0IT'SL
089°9L
000°LL

GIELL

6E0°T0T
96L7L0T
mmﬁ.womw

0rzsol

332
owﬂﬂv
006'971~"

GSYLYI
ELVLYI
s1o8rl
08Pl

0

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 IOUfl (;ponj
13C NMR spectra of Benzo[d][1,3]dioxol-5-yl(diethylphosphoryl)methyl diethylphosphinate (39c¢).

190

S105



N O o
> 22249
o P R
“Po
Lo’ o 5 NN
<O:©)\p’\_\
270
e}
o L
i ' ll
130 90 60 30 0 -110 -160 -210

-30 : =70
£1 (ppm)
3IP NMR spectra of Benzo[d][1,3]dioxol-5-yl(diethylphosphoryl)methyl diethylphosphinate (39c¢).

=F. =+ < Q@ =~ [~ — 00— <t VviO—\OF O™~ O — oh — Gt — D
(=) v O[“-\D:F O on O WY Do — — O Oh W= NN~ OW v oh
) eyl WP TR T Sl el e DO T ONHe0. 00 R0 00w T A b Gl R RENGHEOR 0 St e e e e
O 0 Vi v v v S oS S oSS oS S NN o o o o — — o o o = = -
| ] — I L S g it e A PR R ——— - o
OP{O}OEL),
Q.
o P{OHOEt);
~o
=0
1
!
|
|
I
[
| ' i 1l
A | A ]
! I e T
L g (=] Wi o= O 00 00 O Oy
o =1 cooo [==R-
[a] — wiotnowoon O on o

20 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 1.5 100 05 00 05 -1.0
£l (ppm)

"H NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethoxyphenyl)methyl diethyl phosphate (40c).

S106



on o =+ o
— (=) w =+ 0 W o on O o on - onoon B B S0 Oy [l = B T i
o 5] o -~ O =O o 0= S = = e ] =R=-RuE=14
L foa] =] <] vy MO YW T s o T B Gy enot e (o Sog00,
o w o ] OCS MY wvomo;n S oo O OO0 0 W00 WY
N — — — BT I Sl o S Sl o el VO OBWOO G = +
O”P‘O | | 7 B e NS (————— el e
0 P”O
O'é
e /J j
Q

I_ L I Ll l

190 180 170 160 150 140 130 120 110 100

i (g:g?pnj 3‘0 7IO GIO S‘O 4IO SIO 2IO ]IO lI] -IIO
13C NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethoxyphenyl)methyl diethyl phosphate (40c).

L 2858
S8 3
o} - T
’P‘(D\/ SN
o~ "0
Q =0
s O'Pé
~g ) \|
pre)
|
1
250 210 170 130 90 60 30 0 -30 -70 -110
f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(3,4,5-trimethoxyphenyl)methyl diethyl phosphate (40c¢).

S107



()
=
<
&
wn
o)
=
>
=
5)
o —
o
9¥8°0; iz S
5980 .m,.
£88°0 | =
IST'11 < £ 080°1T
€ST°T1 =8 w.ow.v.:/
89I'T — FE SL8STH
ILTTH o SHGST
98111 “ 2 1791
9811 e a, LLTOT
I+ T4 ~g09l| o \I.VU SEE9T
= L= 17
wmw? erel = 5 F06°1T
ol = 06| m
O ¥ S
B | it
gez1f 3 =
z0€'1 - B .
Sot1 s 2 655
07€'T oy 9ST+9
TTE'T L0 e PEEHO
81811 B coik?
LESTH = O o
955 SR N T St0 mhv
croil Z TITEL
vo0E 4 LELVL
6L0°¢ % 5 s08'pL]
L reoz| ow NS T89°9L
£0T°E o ool 5 X 000°LL
Roro| T2 & :
ctecl > SIELL
0€6°¢] a o
o6 me
8¥6°€- | o 7
756'¢ n .m
996°¢ 1 a.
SLOT e > 096'9Z1
s moor [
6L0"F = FOUT m LLG'OTT
620+ e = 807'871
¥60°t1 © E 797'871
SOT'¥ 2= [8T'8E [~
ZIT 't 3 = 0L9OFT-"
€T e
€0 L = ©
8% e vos
GFT1] o | =] -
wE.t\ e i 3
[« ) = |
) =30C o,
887°L o - U il
omo.L oLd e o -
s€0°L] e -
159 N - = .
059°L M e Z o
€18°L1 = —
£€8°L” P2 N

-10

60 50 40 30 20 10

70

S108

80

90

fl (ppm)

13C NMR spectra of (diethoxyphosphoryl)(4-(N,N-dipropylsulfamoyl)phenyl)methyl diethyl phosphate

(41¢).

180 170 160 150 140 130 120 110 100

190




08801
9880
1680
£06'0+
8ST'T+
oLT'T
9611+
6611+
SIT'T
LITT [To'E
1221+
LTTTA
6€T1
ST
zsT1d
L8714
797’1
0LTT
88711
LOET
PIET
TSP'TH
80K T+
S8F'TH
8781
mmw.ﬂ%
Tz
£18°¢
086'€
S00°+
€70+
TH0'+
190
600"t
£L0'F
6L0"t]
060t
960°t]
601t
ELLVY 8§07
vzrvlf e N
LTI
SPI'P I
990°L S e 9
1L0°L Oy o
980°L

160°L1 A
9IZ'L
LET'L
8sT'L"

-210

:

-160

Yeo

-110

——

-70

f1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(4-(N,N-dipropylsulfamoyl)phenyl)methyl diethyl phosphate

(41¢).

-30

L0T°1-
coo.—.v.
805°sT
w@n.mﬁv

60 30

O_/
o
P,
e
90

e
130

25 20

S109

3.0

3.5

4.0

f1 (ppm)

"H NMR spectra of 1-(diethoxyphosphoryl)-2-(4-isobutylphenyl)propyl diethyl phosphate (42¢).

4.5

80 75 70

8.5

9.0




wa I
£58°ST
S68°€1
#6091
SFI91
69791
TEE91
Hmm,wﬁ/
hoﬁmm%
POT'TT
mv.0,0m/

901°0F
moﬁ:‘W
08871
Po¥-£8
9Tr'To
¥or'79
#08°'€9—

mwo,on
OSE./.
GIELL
0TT'8L
[8T°8L
L6T'8L
LsegL

6SL'8T1
o¥38'871
653'8¢€1
SE€6'8ET
IST'6ET
[¥T6gE1
roorl
£€80°0F1

OFL'LTI
awﬁ.wmﬁw

-0,

oR -

|

40

|

-10

10

20

30

70 60 50

80

130 120 110 100 - (’;y%n)
13C NMR spectra of 1-(diethoxyphosphoryl)-2-(4-isobutylphenyl)propyl diethyl phosphate (42¢)

140

180 170 160

190

99t 1=
19€°T-
mmm._%
OEL'l-
096°81
650°61
£60°61
981°61

-160 -210

-110

-70

f1 (ppm)

-30
3IP NMR spectra of 1-(diethoxyphosphoryl)-2-(4-isobutylphenyl)propyl diethyl phosphate (42¢)

60 30

90

130

S110



=i

[
s
&
wn
o)
=
>
=
L
o
Y
= my SE8'ST
F o = L06ST
= 186'ST
— L2 > ZETol
a 96191
£97°91
L o
s ) STE9T
= EOt AT
o1 o Lnua 159'67
ooe[ = S
280¢ < 205 0b—
.;fwa..m S w.. wmwmmJ
A6z £ £95°79
> 7LO'TO
L = [ Cenl
o o PHL'TO
. = ¥28°€9
=Y m 916°€9
1
D NCS 875°9L
; .
L09°9L
(@\]
" ) 789°9L
0T ™ _ .
vt B~ 000°LL
1 ow o RIELL]
ROt S = LT3
LS & Lm1 §s7°8L]
v 72)
=+ @)
= LEPSOT—
- 100T| 2 W“ Z0L'STT
S £bS°9TTH
= Z19°971
=
[ v = STLOTT
L 600°LT1
te B €61°LT1
- 8SL'8TTr
T o onﬂmmﬁ\
=) ~
5 6E5EET
- S60°LET
. = I 98I LET!
907 b=
FEOTL v 0ZrLsT—
80| © 2
[=)
2y
L o M .
- Ay
en
=N

60 50 40 30 20 10

70
S111

80

90

f1 (ppm)

3C NMR spectra of 1-(diethoxyphosphoryl)-2-(6-methoxynaphthalen-2-yl)propyl diethyl phosphate

(43¢).

120 110 100

130

140

170 160

180

90



97T 14
L¥T1
05714
S9T'TH r
¥LT T
£87°1
76714
00€ 11
60€'T1
6IE T
TTE T L
TEE'TA /
LEE'T it
Gee 14 =
05¢'T-
Fse'T4 L
LSE'T
LIS T
8751
SES'T
STS'T
700t
$80'F Lseol
FOT ¥ :
201 =
ZIT b~ F1rer
v.ﬂ.tj -

TETH L
[3aN%
0ST't] ® 001
091+
801+
SLIT -
QLT+
981 +-
FLI'L)
061°L
F61 L r
01T'L
FITL
0LEL
08€'L
98¢€°L
00F L
6TF L
ShbL
99F'L
¥IS'L
IFs'L
s L -

-110

-70

-30

L0¥' Iy -
L0€°1- i
So._-%

£56°0-

9L0°61
660°61 -
6161 -

30

f1 (ppm)

0
3IP NMR spectra of 1-(diethoxyphosphoryl)-2-(6-methoxynaphthalen-2-yl)propyl diethyl phosphate

(43¢).

60

90

130

170

r€6°0 [
¥

reow |

210

250

=10

=0:5

0.0

1.0

1.5

35 30 20
S112

4.0

f1 (ppm)

'"H NMR spectra of 1-(diethoxyphosphoryl)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propyl diethyl phosphate

(44c).

4.5

5.0

85 80 75 70 65 60

9.0



LT6S Ty
196°S T4
L66'S T
FE0'9T
L8191
vﬁmoﬁ;
68791

FoL'8T

vwwwﬁw
661°0F
u@wmow
Eédﬁﬁ
089791
012791
SPLTO
LOL'TY]
6£8°791
OFL'E9+|
86L'E9T
£06°€9
656'€9
L66'€9
$50°F9 ﬂ
6LTOLY
95T°9L
789°9L
000°LL
8TE'LLA
69411
6067LL1
FILSTT

anmﬁﬁw
97+ 91T

SITPET-f
wrevef
€LOPTT
FOLVET
S0E'LTT
6EFLTTH
£psLTT
10¥°82 1
$60°8T11
wa_wmﬁgﬁ
9ST'0ET
S61°0ET
LTEOET
SOE0ET
¥T$SET
16181
£59°091/

80 70 60 50 40 30 20 10

90

f1 (ppm)

13C NMR spectra of 1-(diethoxyphosphoryl)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propyl diethyl phosphate

(44c).

130 120 110 100

140

170 160

180

190

oIT'T-
0zZr'I-
SS0°1-
856°0-
LIF8L
9158l
£19°81
60L°81

-150

-60 -100

-20
S113

0

f1 (ppm)

3IP NMR spectra of 1-(diethoxyphosphoryl)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propyl diethyl phosphate

(44c).

30

60

90

130

170

210




690
120'T
L80°T
620°T
FOT'T
9011
00T
LIT'TH
SETT
7971
LA |
6Lz 1y
7301
68714
L6z
66711
oom.%
rze T
96L'T
181774
8peE
L98°€
988°c
S06°€
080°F-
w%.w/
Yol
LOT'Y
LITY
8TI'Y
9FI'Y
SST'Y
YOI
£LTY
096'0
1860
S0S°LY
0IS'L
1€5°L
£95°L
695°L
$99°L
.\.wo_hw
L9L°L
1L
569'L
006'L
9I6°L
6L
986°L

[EICR{QIPT

(J
Do~

FOYCEL);

—a

==

86T

06T |

Looo

200°L

40
f1 (ppm)

'H NMR spectra of (6-(3-adamantan-1-yl-4-methoxyphenyl)naphthalen-2-yl)(diethoxyphosphoryl)

methyl diethyl phosphate (45¢).

535 50 45

6.0

6.5

7.0

75

8.0

9.0

6r1'91
F6T'91

[SL0T
L[P8ET
[86°CT
78951
€TLST
PEL'ST
£€6091
[sT91

P69
mmm.ot\
86875’
11£€94
TLEED
0SL€9
L0Z'E9]
8L6°€91
SE0FO
763°€L]
096°€L 1
900'5L]
s19°s.]
789°9L
000°LL
GIELL \

LS TTT

SESHII-F

087'ST 1

87esTT

06€'STT

TF9'STIH

0909211

061°LZ1]

897,71 ]

zsr8z1]

198711

STFOET
1OV TET

8LSTET

999°€€ T

6€9°8€T

0F9'6€T

gor'gs T/

19L°CT
FESTET
€0L'8T
688'8T
SPI0€E
[I69€

r

——

80 70 60 50 40 30 20 10

90

f1 (ppm)

3C NMR spectra of 1-(6-(3-adamantan-1-yl-4-methoxyphenyl)naphthalen-2-yl)(diethoxyphosphoryl)

methyl diethyl phosphate (45¢).

180 170 160 150 140 130 120 110 100

190

S114



6LO'T-
$98°0-
75091

-210

-160

-110

-70

-30

60 30

90

130

f1 (ppm)

3IP. NMR  spectra of (6-(3-adamantan-1-yl-4-methoxyphenyl)naphthalen-2-yl)(diethoxyphosphoryl)

methyl diethyl phosphate (45¢).

€1ZT
906°'€
116°¢ |
vz |
ST6E]
676'€
0£6°€1
£16°¢
8¥6'S
870°r+
0€0°t
SHO'H
8¥0't
§50°11
900"t
FLO't
180+4
¥80°t
760t
660"t
£0I'F
6011
1211
6Z1'1
AaRd
OFT P

91
LOL'F

65t LA
6LV LA
86+
0€S°L

SESLA
£+ L
SHS'L

8rSL

78LLT
L8L L
S6L'L

66L LA
Ew.rr
908" LA
066°L"
200°8-+

€LT'8
8LT'8
8T8

£67°8
g67°g]

mi.@

=

80°€
FL6T
60'9

=L0'E

807
Fo09

F00'1

£80°T
6o¢
] 4
€01
=0T

-1.0

-0.5

0.0

0.5

1.0

15

2.5 2.0

3.0

355

4.0

f1 (ppm)

'"H NMR spectra of (diethoxyphosphoryl)(3-methyl-4-oxo0-2-phenyl-4H-chromen-8-yl)methyl diethyl

phosphate (46¢).

0 45

5

65 6.0 55

7.0

8.0

8.5

9.0

S115



L8TLIT
ekl
85671
12T
SFT YT
9659714
61997 T-¢
PIESTT—
oto6z1
SIZ'0ET
009°TE T
7€ T
168'7€1
PLS'TST
Z€0'Ts T
195°091—

TLEBLT—

P

Ll

70 60 50 40 30 20 10

80

90
f1 (ppm)

13C NMR spectra of (diethoxyphosphoryl)(3-methyl-4-oxo-2-phenyl-4H-chromen-8-yl)methyl diethyl

phosphate (46¢).

180 170 160 150 140 130 120 110 100

90

11e'1-
101°1-
G6I8'ST
0€0'91

50
£1 (ppm)

3IP NMR spectra of (diethoxyphosphoryl)(3-methyl-4-oxo0-2-phenyl-4H-chromen-8-yl)methyl diethyl

phosphate (46¢).

-210

-160

-110

-80

-20

60 30

90

130

S116



60011
STO'T
I#0°1
650°11
£01°T
Izl
aRe
6511
0T 11
7Tl
0FT 1+
LE8°1
L5831
VJE.NJ/
106'T
126'Z
0%6'T
IZL€
86L°E
908 "€
¥I%€
L8 €
LLS €
m%.fw
FI6E—
766°€
010t
¥10°H-
620t
S0t
750t
8Trs—
GET L
09T"L1
08T'L
97T'L
£€T°Ly
6€T° L
¥PT LA
15T}
9STLT
A
€87°L
£5€°L
LO¥' L]
67v L]
05t L]
PILL
108"L
208°L-

—

OP(O)(OF,

(EtO)(C)P

N

e
o

P2

=

N

—H0'€
5507

90'€
10T
roTT
ooy

=66'L
=001

LOE
£80°¢
Rre

g

807 |

-1.0

-0.5

35

4.0

f1 (ppm)

"H NMR spectra of (diethoxyphosphoryl)(4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5"-bibenzo [d]imidazol]-

3'-yl)methyl)-[1,1'-biphenyl]-2-yl)methyl diethyl phosphate (47c¢).

4.5

TE6'E T,
PSS T
$TO'ST
£99°ST
PEL'ST
89091
€191
90791
zozotdf
ﬁwhEL\

Eo.:&
mmo.@m\
ZIL'TE
65891
mz_%/
6OZ'€9
062°€9
19€°€9
089°€9
mmhmo&
6v8°€9
906°€9/
789°9L
000°4L7
8reLL
¥08°'801
SEF'60T
S8T 61T
1IF 221
$99°€7T
8¥LETT
1L6'STTA
80_22
0LL'8TTF
¥6L3TTY
€18'8714
€58°87 1
90€'6Z1
FLODET
9€108T]
0ET'TET ﬁ
988" FE T
Cr6FET]
89F'9€ T
6€5°6ET
08§ THT
F06'THT
zorbs 1]
$3E°0ST

-1

10

20

30

40

50

60

70

S117

80

90

140 130 120 110 loofl(ppnj
spectra  of  (diethoxyphosphoryl)(4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'-bibenzo

150

170 160

180

[d]imidazol]-3'-yl)methyl)-[ 1,1'-biphenyl]-2-yl)methyl diethyl phosphate (47¢).

3C  NMR

190



COF‘IMQ
) o E%ﬁ_?{
00,‘;\:0 - = T
io-h C (SRS
S L
Oy A
N M
‘e
130 90 60 30 0 20 -50 -80 -110 -160 210
f1 (ppm)

3P NMR  spectra of  (diethoxyphosphoryl)(4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'-bibenzo
[d]imidazol]-3'-yl)methyl)-[ 1,1'-biphenyl]-2-yl)methyl diethyl phosphate (47¢).

OMNO VOO O O v N O O = O Wi == 00 O W
=N O W N S OO M~ wvist o O wvicl
MO ek el e E QeI BG o e L] T B tr, e iDEe S
e L P iy L i ohed e onenoon e
R LG BER R —y e | e
N
oepro
_dO\O
e
@-Lﬁ
0ol
|
|
M il
g e g
wi ™l [=] =~ N oo
@ Q = !
[ae Bss) a2 Wi o ol
T T T T T T T T T T T T T T T T T T T
00 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -lo
f1 (ppm)

'"H NMR spectra of (dimethoxyphosphoryl)(phenyl)methyl dimethyl phosphate (48c).

S118



Ul =)
wy o1 on — Wi oo el 00
[= O o [« =] g [=))
007 =R B e B S o L= - E=1] [l S = 00O 00 =
[ N el Ll s e et e e W e
R eTIRN G s N ] O on = oo owF o
o] b — ol ot ol el ol 0w v v onn 0 n

h-;-a;w\g;fé | e

Qu
jf
b
[

90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1t
fl (ppm)

13C NMR spectra of (dimethoxyphosphoryl)(phenyl)methyl dimethyl phosphate (48c¢).

2

19.06
18.860
1.453

/O,.F;/O

1.252

e
4
<

130 90 60 30 0 -30 -7
f1 (ppm)

3IP NMR spectra of (dimethoxyphosphoryl)(phenyl)methyl dimethyl phosphate (48¢).

0 -110 -160 -210

S119



LoL'E;
9LLE
vsLE]
z6L°¢ ]
108°€{
508°€
L18°¢]
198°€]
6.8°¢]
988’
v06°€]
196°€]
0L6'S
vi6e]
816°¢]
986°¢]
166°€
866°¢ |
£00°F ]
800°F |
910F
ST0F]
££0'F1
0S0F
€50k
§90°p
0L0F
820+
Z80°F
180t
060'F
S60°F |
860°F
901t
bIs's
0ss°s
gss's
b8s's
pecL
8EEL
ZseL
oLeL

8LE'L
8L X\ |\|\
005°L] o
Y0S°L 5 b
20S°L 0.F
61S°L d okNMv
£T5°L \|\

L75°L]

608

00T

=80'€
607

-1.0

3.5 3.0 25 20 15 10 05 00 -0.5

40
£1 (ppm)

'"H NMR spectra of Dibutyl ((dibutoxyphosphoryl)(phenyl)methyl) phosphate (49c).

4.5

85 80 75 70 65 60 55 5.0

9.0

098°LT Ty
wﬁm.th
18Tl
LLT'8TI
£9L°8TTI
hwh.wmﬁ\
OOm.mf

L&
~°

-1

30 20 10

40

70 60

80

180 170 160 150 140 130 120 110 100 i (%%nj
13C NMR spectra of Dibutyl ((dibutoxyphosphoryl)(phenyl)methyl) phosphate (49c¢).

90

S120



oom.o-
E.h.o-“v
£55701
£LLOT

-160 -210

-110

-70

f1 (ppm)

3IP NMR spectra of Dibutyl ((dibutoxyphosphoryl)(phenyl)methyl) phosphate (49c¢).

-30

60 30

90

130

==

4 661
* 6y
eTsl

- or

= 0071

= 617

40
f1 (ppm)

'"H NMR spectra of (diisopropoxyphosphoryl)(phenyl)methyl diisopropyl phosphate (50c).

1.0 05 00 -05 -1.0

1.5

2.0

2:3

3.0

3.5

4.5

5.0

v
vl

6.0

7.0

75

8.0

9.0

S121



S~ O
= O < © =N B =R s B W) — 00 = = ]
- D W= — Q000w = =0 % Wy zTeg Ve ]
ol Q) 08 b~ b L e R S S <
o Nl [~ [~ Wi viohon sF <t < < <fonon =)} =
o o i P b~ B B~ D= [~ [ W0 W0 W0 M 0 W W =] —
JRES o Sekefike Ly ESeRpyaen g

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

13C NMR spectra of (diisopropoxyphosphoryl)(phenyl)methyl diisopropyl phosphate (50c¢).

v~ v O

| 82 ba
b5 e i
9 50 N
~ L0 R,

)\O*R\ 5 Y
o
130 90 60 30 0 -30 -70 -110 -160 -210
f1 (ppm)

3IP NMR spectra of (diisopropoxyphosphoryl)(phenyl)methyl diisopropyl phosphate (50¢).

S122



9960,
YLG'O
SLE'0]
786°01
766'01
700’1
050°T1
8901+
LLOTH
180°T
980°T+
660'T-
9II'T
OFI T4
IST'T
€011
180T
96111
€071
1z
6ET'T
890°L,
980°L{
060°L{
£07'L
LOT'L
€17°L
97T L
0€T°L
LET'L
£47L
8s7L
997'L
0LT'L]
LLT'
5971
69T°L
967°L
or¢ 'L
GIEL
YTELA
PEE LA

mow.iﬂ

90F'L
8z L]
zer]
ost]
bSKL

9L¥'Lq
LLVLS

- S0y

-1.0

0.5

0.0

35 300 205

4.0

f1 (ppm)

"H NMR spectra of (ethoxy(phenyl)phosphoryl)(phenyl)methyl ethyl phenylphosphonate (51c).

4.5

5.5

6.0

6.5

7.0

725

8.0

9.0

898'S 1
£€6'S T4
FFTOT
SKTOTH
£37°9T
T0E'9TY
6L8TO
LV6'TO
$66°19
£90°79
#6079
951791
661791
289941
000°LL
RIELL]

£78°LT1

9F8'LTT
8L8°LTT

LTELTT

SFG'LTI

$66°LT1

6€0°8TT
9.0°8TT

TITSTT-

LOT'STT

Y078z

€787

062°8T 11

SOP'8TT

PEF'STTA

8L5'8TTH

£09°8T 1Y
£50°871

ZSTIET

zse1eT-f

Z8E 1T

ZSEIET]

FeFIET

0Z8' 1€ T

179°1€1

LFTTET

zoeze ]

reezel]

PESTTET

679°TET V

L99TET d

—

[L3°CE1

\O
09LTET] &,
CLLTTET] &

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 i (?p%nj
13C NMR spectra of (ethoxy(phenyl)phosphoryl)(phenyl)methyl ethyl phenylphosphonate (51¢).

190

S123



SI9'EE
€6L'EE
078°¢€e
Pe8ee
766'€E
0¥0'vE
144 43

€FI61
0IZ'61
sre6l
68€°61
95761
0FL'61
11861 —
¥86°61 ]

-160 -210

-110

-80

-50

f1 (ppm)

-20
3IP NMR spectra of (ethoxy(phenyl)phosphoryl)(phenyl)methyl ethyl phenylphosphonate (51¢).

60 30

90

130

£10°L
TE0°L
sTIL
E£ETL
2y
£5TL
LT
ELTL
£4TL
ZsTL
79T'L
§oT'L
1954
€871
887'L
TIe'L
LIEL
I€€°L
£E€°L]
LEEL]
PrEL

L¥EL]
Liesd
08¢
86€°L

10v°L]
80bL]
TbL]
0TH'L

Lrid
67t
65r°L]
Pl

SHL]
6t
85¥'L]
zor'Ld
99v°L
LLvL
LLS'L
088°Lq
865°LA

S09°L-f
moc.p%
979°L
686°L
9008
€108
LI0'8
¥e0'8

OP(O)Ph,
P(O)Ph,

o

Lo 05 00 05 -0

1:5

2.0

35 30

4.0
f1 (ppm)

'"H NMR spectra of (diphenylphosphoryl)(phenyl)methyl diphenylphosphinate (52c¢).

4.5

S124



(St
689'LT T
SELLTT
0L8'LTT
£60°'8TT1
6778711
€57°8T1
L6871
064871+
o:.mmf_.
8ST'6T17%
LIT'TET
zzzietd
SGFIETH
065" TETH
90L 1€ T
158 1€T]
6Le1ET]
120°Z€T
6F0'TET
SLOTET
TIZZE1
THETET
TEPTET

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 i (i?pnj 80 70 60
13C NMR spectra of (diphenylphosphoryl)(phenyl)methyl diphenylphosphinate (52c¢).

190

hhw.wm
omo.mmV
8s€'se
605's€

-160 -210

-110

-70

f1 (ppm)

60 30 -30
3IP NMR spectra of (diphenylphosphoryl)(phenyl)methyl diphenylphosphinate (52c¢).

90

130

S125



el ]
W = ol
T Cp e

(o Mo Bl Mo |
Sy

976'9,
¥E6°9
9%6'9 |
56°9
810°L]
L0
§50°L]
190°L
oLo°L]
960°L]
7L
LET'L:
stz
7071
72T L]
£67°L
92 LA
€57
7Ly
€67°L,
mmw.L
mnw.tﬂ
o8]

005"
L08'L
LzeL
pEg'L
tsgi

J_,M

rF0'€
90'¢
uTo.m

£€0°€E

=00'T

sLOT
266€
»S.m
506°'S
180z
0T

-0.5 -1.0

0.0

1.0

1.5

30 25 20

3.5

4.0
f1 (ppm)

4.5
'"H NMR spectra of (di-p-tolylphosphoryl)(phenyl)methyl di-p-tolylphosphinate (53c¢).

5.0

5:5

6.0

6.5

75 70

8.0

8.5

9.0

zr'ie
LOS'TT
[Ps1T

6O5°'1T

[IT§L
G8T'SL
789°9L

000°LL

et

—on.wm:
o.vw.wmj
LSG'STT
€20°6Z1

FLOGT T
EFL'6T 1
LSTIE L
IOt TE T
098" TET
€851~

65T'THI
owm_mzw
6+ETHT
9L8TrT]
09F'TH T
S8 TV
995 TH 1
768 THT

€SEVL
mmw.vhw

-10

130 120 110 100 fl%:gpnj 80 70 60 50 40 30 20 10
13C NMR spectra of (di-p-tolylphosphoryl)(phenyl)methyl di-p-tolylphosphinate (53¢).

140

180 170 160

90

S126



£ M 00 00
23EE
O o o O
[sa o Mo B |
@\d 3
F.
e
P
A ON
130 %0 60 30 0 -30 70 110 -160 210
f1 (ppm)

3IP NMR spectra of (di-p-tolylphosphoryl)(phenyl)methyl di-p-tolylphosphinate (53c).

3.824
3.797
13.765
3.708

\3.

|
|
ﬁ
v

[s]
f
!

o

I I l .
AL A
b T T
SO Wm0 O™ [=] 8
SHOOhO O o < —
T EEEES s T T r T T . T T T r ' ! -
9.0 8.5 8.0 1.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0

'H NMR spectra of (bis(4-methoxyphenyl)phosphoryl)(phenyl)methyl bis(4-methoxyphenyl)
phosphinate (54c).

S127



O M- 0o wowo o = Wit = O~ O YOy
= vion O~ O~ O NN OOV — W 0O = O ot
MM e A AN S NN FASH s R g Mo SEARS e .-
CECECUUE RN mMEMmRCSC 2 e N R G wrivid o v
— o o o o L B I I I I I I I I T T el el el el el e e P N I "y
e NI AR T

o

08 ¢
o"P‘OQ
F
g
O/
[ I .
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -1
f1 (ppm)

BC NMR spectra of (bis(4-methoxyphenyl)phosphoryl)(phenyl)methyl bis(4-methoxyphenyl)
phosphinate (54c).

[= =R ]
0 Oss: FERR
e
onoonoo o~y
Q Q \ —
CP\
g og
Cry
R
©
f
I
L
130 90 60 30 0 -20 -80 -110 -160 -210

-50
f1 (ppm)
3P NMR  spectra of (bis(4-methoxyphenyl)phosphoryl)(phenyl)methyl  bis(4-methoxyphenyl)
phosphinate (54c).

S128



mvjm.f
9579
0829
£82°9
€089
0I8'9
§789
7£89
L¥8'9
£58°9
6869
£66'9
9669
86069
TT0°L
SIOL
LT0L
Nmo.j
hmo.j
6€0°L]
¥80°L
zor'|
1ST°L]
F1L]
€91°L
Lo1'L]
OLT LT
Z81°L
86l'L
¥0Z'L1
TLE L
6LE LA
88E°L
£6€°Lq
10¥'LA
OLt'L
EI¥ L
ITr Ly
omv.hq
SEVL
£ LA w

€781
Z€S'L
% o,
2

LES'L

She'L Q o /@/
0ss'L W w
£66'L @

o

866°L
9008
110’8

M A

=00'T
50T
1607
L6077
oo's
fgor
leoz

=60'T

00 -0.5 -1.0

0.5

1.0

25 2.0

3.0

3.5
)

'H NMR spectra of (bis(4-fluorophenyl)phosphoryl)(phenyl)methyl bis(4-fluorophenyl)phosphinate

(55c¢).

575 5.0 4.5 4.0
f1 1]

6.0

6.5

80 75 70

8.5

FEOPL
90T'vL
[06'FL
FLOFL
789°9L
000°LL
GIELL
TPT'STI
GRT'STI
98€'STI
€08°ST1
€55°6TI
809611
T10L°STT
0LLSTT
€6L'STT
LLY'STT
vL6'STL
S00°911
€90°011

oL olly
08Tl

LT8FTI
IZI'sT1
0L6°LTTH
170°6T1
ooﬁ.mm:
G6FI'6CT
L¥S1ET
TISEET
[09°€ET
[€9°EET
LTLEE T
PLB'EET

€LO'EETHF
SIOVPET~§

LODFET
201+ET
OFLPET
1€THE 1
9 FET
9ELFET
regper!
008°€91
ys8°E9 T
7€£'991
$9£'991-
98€'991

—

OP(O)(CaH,F)2

TTH9914
7£9°99T-

dP(O) (CHaF)z

30 20 10

40

70 60

80

90
f1 (ppm)

13C NMR spectra of (bis(4-fluorophenyl)phosphoryl)(phenyl)methyl bis(4-fluorophenyl)phosphinate

(55c¢).

180 170 160 150 140 130 120 110 100

190

S129



-110

-70

-30

9C0'LT - n
vo 12 E— i
[L8°EE

LIOFE

30

f1 (ppm)

0
3IP NMR spectra of (bis(4-fluorophenyl)phosphoryl)(phenyl)methyl bis(4-fluorophenyl)phosphinate

60

90

S8T0

¥ie LA o= E
. Ef
£5€°L1 ﬂ £€°0

“6¥0

130

170

—66'S

—86'8

o

(=]

Wy

N
OP(OIPh7BY

(55¢)
]
C
©’)\P(0)Ph"5u

¢
°g

E.
250

-1.0

-0.5

0.0

30 25 20 15 10 05
S130

35

f1 (ppm)

4.0
'"H NMR spectra of (butyl(phenyl)phosphoryl)(phenyl)methyl butyl(phenyl)phosphinate (56¢).

4.5

80 75 70 65 6.0 55

8.5

2.0



€6EEL
w%,mﬁw
feg-5t
S6LTT
8E8TT
18872
7z8°€T
Y06°€Z
¥96°€T
685°5T
Lozoz!

TrL'99
V,E,SW
60489~
#E5°697
789°0L
ooo,t.w

1856t

YTP8TT

£6F'87T

§E5°8T1Y

8+9°87 1

65L°8TT1

LLT'6TT

TST6TI

STS6TI

$69°67 T+

SELOETA

PISOSTF

00£ 1€ 1

$8E°TET

oz1'Ze T

9517 T

rreet!

uf.wc:,
LTTS9L
w;.mcﬁw

GLP'SOT

-10

30 20 10

40

80 70 60

90

160 150 140 130 120 110 ]OUfl il
13C NMR spectra of (butyl(phenyl)phosphoryl)(phenyl)methyl butyl(phenyl)phosphinate (56¢).

OP(0)Ph"BY
170

©)\ P(O)Ph"BU

180

190

mum.ov
cww.i
$85°01
S0L°0¥H
7S9TH
00L'TH

N@h.;)\ﬁ
G6L'TH

LYT6F
wwm.oL_
£+6°6

950°05+
77505 ]
$79°05
a:.i
TETIS

-160 -210

-110
S131

-80

-50

£1 (ppm)

-20
3IP NMR spectra of (butyl(phenyl)phosphoryl)(phenyl)methyl butyl(phenyl)phosphinate (56¢).

60 30

OP(Q)Ph"Bu
90

©’/LD(O)PW’BU

130




89801
6L8°0

L8870
0060
1+6°01
8960

£66°07
000°T+
LsTT
697°T4

SLT'TA
w.wm.ﬁlﬁ

mmm.ﬁ&

S8 1
90514
SE5'T
7ss'T

€LS'T
1091
6691
061°L1
01T 'L
657'L
8LT'L]
S8T'L

Z6T'LA
967'L
£0€°L]
0r1€'L

7€ 'L
67€'L
SEFLT
0FFL

€5F'L
10tL
v

9LF L
08F'L
£6F°L
86b'L
105" L

618 LA

rhs L
79s'L
zLo'L
9.9°L]
£69°L1
00L°L
€0L°L

;

—

Tl L’

OP{O)PHCY

@ P(O)PhCY

)

et i

b

€0°
60°
83"

SO
801
00’8
s0°9
03

20 15 1.0 05 00

25

3.0

3.5

40
f1 (ppm)

'H NMR spectra of (cyclohexyl(phenyl)phosphoryl)(phenyl)methyl cyclohexyl(phenyl)phosphinate

(57¢).

50 45

35

85 80 75 70

9.0

858°E€T
068°€T
ZI9%¢
88T
I§0°ST
20F'ET
96¢'ST
€80°6T
YOL'ST

658'57
9L0°97
Z1z9t
96L°EE

|

ELFPE
61L°8€
#50°6€
R0T'TL
nw:}
S8R1L
co61L)
789°0L
80_&“\
g1 LLd
806971
LesLz1|
20421
LVRLTI
LS6'LTT
9€0°87 11
LLI'STI
€17°3714
1€€°87 1Y
£99°871-¥
12067 1
98671
€7 0E T
FLETETS
LOVIET
L19°TE T
078 1€ T
70z T
piizend
6c0veT)

OP(O)PhCY

P(O)PhCy

-1C

80 70 60 50 40 30 20 10

90

f1 (ppm)

3C NMR spectra of (cyclohexyl(phenyl)phosphoryl)(phenyl)methyl cyclohexyl(phenyl)phosphinate

(57¢).

180 170 160 150 140 130 120 110 100

90

S132



L$9°0
§L9°0
#69°01
958°0
#L8°01
768°0
906'01
$76°04
$€6°0
TH6°0+
£56°0-
Em.o%
Jl

-210

-160

ZE0'T
1501
€271
857’1
£7€'T
0FET
65€T
LLET
98€'1
PO T
£TH' T
THr T
19F'T-
08b' T
1611
2611
018’1
87514
o151
$osT]
8LS'T
#6511
ATRE
0791
0€9°T
vl
759'1
0LO'T
65LT
ELLT
88L'1
86L'T

018’1 Fﬁ 8
731 v
LLeLd O\L

e

-110

-70

f1 (ppm)

3IP NMR spectra of (cyclohexyl(phenyl)phosphoryl)(phenyl)methyl cyclohexyl(phenyl)phosphinate

(57¢).

-30

e 00T

98L'TF
SF TH|
988'TF

6T 6k - -
96€ 6 L
100°0§

di

30

£89°0F i
Z08°0F +
SEL'TH

60

6IT'08
695708
LLOOS

<9
o en

-
v

OP(O}PhCy

O/LP(O)PhCy
130

S6E°L
LL¥'Lq
S6¥'L-

-1.0

0.0 -0.5

0.5

1.0

S133

4.5 4.0 35
£1 (ppm)
"H NMR spectra of (dibutylphosphoryl)(phenyl)methyl dibutylphosphinate (58c¢).

5.0

6.0

6.5

7.0




= ==\
oyl oGyt WEALDLS FRACE AT SO0
[=R- - = e - ] Vi = O OO B0 O
T E MSYEWVWa A== 08 &M T R T
0¢P 0t M el el ey B s R i R B R R B e s R B s
_L/‘O el st Dol el ol el ol el ol AN S En B s o i
/_/_ e | —_— N —— e e N
P
oj\'

| u M

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
fl (ppm)
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3IP NMR spectra of (dibutylphosphoryl)(phenyl)methyl dibutylphosphinate (58¢).
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3IP NMR spectra of (dicyclohexylphosphoryl)(phenyl)methyl dicyclohexylphosphinate (59¢).
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3IP NMR spectra of ([1,1'-biphenyl]-3-ylmethyl)diphenylphosphine oxide (10d).
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3IP NMR spectra of (4-bromobenzyl)diphenylphosphine oxide (14d).
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