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General Experimental

Tetrahydrofuran (THF), acetonitrile (MeCN) and methanol (MeOH) were obtained by passing the
previously degassed solvents through an activated alumina column. Yields refer to
chromatographically and spectroscopically (*H NMR) homogeneous material, unless otherwise
stated. Reactions weremonitored by thin layer chromatography (TLC), GC/MS, GC/FID, or LC/MS.
TLC was performed using 0.25 mm E. Merck silica plates (60F-254), using short-wave UV light as
the visualizing agent, andphosphomolybdic acid, p-anisaldehyde, or KMnO, and heat as developing
agents. NMR spectra were recorded on Bruker DRX-300 instruments and are calibrated using
residual undeuterated solvent (CHCls, CH>Cl;, DMSO, MeOH, acetone at 7.26, 5.32, 2.50, 3.31 and
2.05 ppm for *H NMR, respectively, and 77.16, 53.84, 39.52, 49.00 and 29.84 ppm for 1°C NMR,
respectively). The following abbreviations were used to explain multiplicities: s = singlet, d =
doublet, t = triplet, g =quartet, m = multiplet, br = broad. Column chromatography was performed
using E. Merck silica gel (60, particle size 0.043-0.063 mm), and preparative TLC (pTLC) was
performed on Merck silica plates (60F-254). High-resolution mass spectra (HRMS) were recorded
on an Agilent LC/Xevo G2-XS QTOF mass spectrometer by electrospray ionization time of flight
reflectron experiments. Melting points were recorded on a Fisher-Johns 12-144 melting point
apparatus and are uncorrected. The enantiomeric ratios were determined with Waters UPC2 SFC
equipped with a photodiode array detector or an Agilent Technologies 1220 Infinity Il LC HPLC.
Optical rotation data was recorded on an Anton Paar 100 Modular Circular Polarimeter.

General procedure for synthesis of 1-4

Synthesis of 1a
1) EtsN, PCl,
2) BnMgBr o}
OH 3) H20; OF__ph
LOH Lo ™
Ph Ph
CAMDOL 1a

To a 500 mL three-necked flask containing CAMDOL (6.44 g, 20 mmol) under a nitrogen
atmosphere, THF (200 mL) was added and cooled to 0 °C in an ice-water bath. Then triethylamine
(6.95 mL, 50 mmol) and phosphorus trichloride (2.62 mL, 30 mmol) was slowly added to the
mixture, the mixture was stirred at 0 °C for 0.5 h. To the mixture at 0 °C was slowly added BnMgBr
(80 mL, 80 mmol) and the mixture was at 0 °C for 1 h. Finally, the solution was oxidized with conc.
H>0, with 3'P NMR analysis of a small aliquot showed complete consumption. To the resulting
mixture was filtered and concentrated. The residue was purified by silica gel chromatography to
afford the desired product 1a.

Synthesis of 2aa (10 mmol scale)

o o)
o Mel (1.5 eq.), o.n
| o~ P~Ph LIHMDS (1.5 eq.) O/P\‘/Ph
Ph -78 °C: in PhMe Bh
Ph Ph ©
1a 2aa
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To a 500 mL three-necked flask containing 1a (4.58 g, 10 mmol) under a nitrogen atmosphere,
toluene (150 mL) was added and cooled to -78 °C. Then LiHMDS (15 mL, 15 mmol) was slowly
added to the mixture, the mixture was stirred at -78 °C for 0.5 h. To the mixture at -78 °C was slowly
added Mel (2.13 g, 15 mmol) and the mixture was at -78 °C for 12 h. Finally, 3*'P NMR analysis of
a small aliquot showed complete consumption. To the resulting mixture was added saturated
aqueous NH4Cl solution (50 mL) and EtOAc (100 mL). The layers were separated, and the aqueous
layer was washed with EtOAc (2 x 100 mL). The combined organic layers were washed with brine
(100 mL), dried over anhydrous Na,SQOy, filtered and concentrated. The residue was purified by
silica gel chromatography to afford the desired product 2aa.

Synthesis of 2aa-2au

o)
O-B_ ph RI (1.5 eq.), ofp? on
Lo™ 7 LiHMDS (1.5 eq.) o~ \l/
Ph -78 °C; in PhMe Ph A
Ph g Ph
1a 2aa-au

A Schlenk tube was dried under vacuum. After cooling, the tube was placed under nitrogen
atmosphere. Under nitrogen atmosphere, to a stirred solution of 1a (1 mmol) in dry THF was slowly
added LiIHMDS (1.5 eq) at -78 °C, the mixture was stirred at -78 °C for 0.5 h. Then RI (1.5 eq) was
slowly added to the mixture, The mixture was stirred at -78 °C for 12 h. Finally, *'P NMR analysis
of a small aliquot showed complete consumption. To the resulting mixture was added saturated
aqueous NH4Cl solution (10 mL) and EtOAc (10 mL). The layers were separated, and the aqueous
layer was washed with EtOAc (2 x 10 mL). The combined organic layers were washed with brine
(10 mL), dried over anhydrous Na»SOs, filtered and concentrated. The residue was purified by silica
gel chromatography to afford the desired product 2aa-2au.

Compounds 2ba-2bl were obtained by the similar procedures of 1a and 2a.

Synthesis of 3a
o o)
o 1

O,PTPh 1 M Hel HHSD;B Ph
T o
o, THF, 60 °C T

Ph
2aa 3a

To a 50 mL flask containing 2aa (1 mmol) was added THF (10 mL). Then HCI (5§ mL, 5 mmol) was
added to the mixture, the mixture was stirred at 60 °C for 2 h. Then, *'P NMR analysis of a small
aliquot showed complete consumption. To the resulting mixture was added water (10 mL) and DCM
(10 mL). The layers were separated, and the aqueous layer was washed with DCM (2 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over anhydrous Na>SOs, filtered
and concentrated. The residue was purified by silica gel chromatography to afford the desired
product 3a.



86

87
88

89
90
91

92

93

94
95
96
97
98
99
100
101

102

103

104
105
106
107
108
109
110
111
112

113

Synthesis of 4a

Q 0
HO-L e TMSCH,N, _Meo.D
HO *MeO~
T MeOH, 25 °C MeO™
3a 4a

To a 50 mL flask containing 3a (1 mmol) was added MeOH (10 mL). Then TMSCH:N: (2 eq) was
added to the mixture, the mixture was stirred at 25 °C for 1 h. Then, 3'P NMR analysis of a small
aliquot showed complete consumption. The mixture was concentrated in vacuum, and the crude
product was purified by silica gel chromatography to afford the desired product 4a.

2,3-Diphenyl camphor benzylphosphonate la:

0O

O\
—P.__Ph

-0
Ph
Ph

89% yield, white solid, m.p. = 113-119 °C, R¢ = 0.38 (PE/EA= 1:1), [a]?®*p = 105.4° (c = 1.00 in
CHCIs3); 'H NMR (300 MHz, CDCl3) § 7.21 (d, J = 38.9 Hz, 13H), 6.98 (s, 2H), 3.10 (dd, J = 20.8,
11.0 Hz, 3H), 2.07 (s, 1H), 1.77 (s, 3H), 1.69 — 1.46 (m, 1H), 1.31 (d, J = 30.6 Hz, 2H), 1.15 (s, 3H),
0.84 (s, 3H); 13C NMR (75 MHz, CDCls3) & 138.52 (d, J = 3.1 Hz), 136.49 (d, J = 4.0 Hz), 131.18,
131.06, 130.56 - 130.35 (m), 130.27, 129.82 (d, J = 6.8 Hz), 128.55 — 128.25 (m), 128.07 , 127.70,
126.85 (d, J = 3.4 Hz), 126.37, 100.25, 98.51 , 55.61, 52.16 (d, J = 3.2 Hz), 48.28 , 36.92 , 35.24 ,
29.59,26.43,24.44 ,21.51,9.95; 3P NMR (122 MHz, CDCls) 6 38.71; HRMS (ESI-MS) [M+H]*:
found 458.2011; calculated for C29H3103P: 458.2011.

2,3-Diphenyl camphor (1-phenylethyl)phosphonate 2aa:

0.9
- P\r Ph
Ph
Ph

85% yield, white solid, m.p. = 110-115 °C, R = 0.48 (PE/EA= 1:1), [a]®p = 102.4° (c = 1.00 in
CHCIs); 'H NMR (300 MHz, CDCls) & 7.28 (s, 10H), 7.08 — 6.92 (m, 3H), 6.91 — 6.76 (m, 2H),
2.96 (hept, J = 7.2 Hz, 2H), 2.09 — 1.96 (m, 1H), 1.77 (s, 3H), 1.69 (dd, J = 18.7, 7.1 Hz, 3H), 1.49
(dt, J=14.1, 7.4 Hz, 1H), 1.32 (dg, J = 14.4, 8.2, 7.2 Hz, 2H), 1.13 (s, 3H), 0.89 (s, 3H); 13C NMR
(75 MHz, CDCl3) 6 138.26 (d, J = 3.3 Hz), 137.15 (d, J = 7.1 Hz), 136.98 , 130.43 (d, J = 42.9 Hz),
128.63 — 128.27 (m), 128.19 (d, J = 2.4 Hz), 128.06 , 127.60 , 126.81 (d, J = 3.0 Hz), 126.41 ,
100.15 , 98.77 (d, J = 1.6 Hz), 55.63 (d, J = 2.8 Hz), 52.24 (d, J = 3.3 Hz), 48.25 , 40.77 , 39.10 ,
29.76 , 26.52 , 24.39 , 21.50 , 16.97 (d, J = 5.4 Hz), 9.97; 3P NMR (122 MHz, CDCls) & 43.49;
HRMS (ESI-MS) [M+H]*: found 472.2169; calculated for CsoH3303P:472.2167.

2,3-Diphenyl camphor (1-phenylpropyl)phosphonate 2ab:
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Ph \(
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92% yield, white solid, m.p. = 82-93 °C, R¢=0.48 (PE/EA=1:1), [a]?®> = 67.4° (c = 1.00 in CHCl5);
'H NMR (300 MHz, CDCl3) 6 7.38 - 7.14 (m, 10H), 7.05 - 6.85 (m, 5H), 2.93 (d, J=5.3
Hz, 1H), 2.61 (ddd, J = 17.0, 10.6, 3.9 Hz, 1H), 2.38 (dddt, J = 13.4, 10.3, 6.8, 3.9 Hz, 1H), 2.15
- 1.93 (m, 2H), 1.78 (s, 3H), 1.48 (dg, J = 16.2, 9.1, 8.3 Hz, 1H), 1.32 (ddd, J = 19.9, 11.3, 4.3
Hz, 2H), 1.12 (s, 3H), 0.89 (s, 3H), 0.80 (t, J = 7.3 Hz, 3H); 3C NMR (75 MHz, CDCls) § 138.22,,
136.92 , 135.09 (d, J = 5.0 Hz), 130.69 , 130.14 , 129.27 (d, J = 7.4 Hz), 128.09 (d, J = 3.8 Hz),
127.46,126.54 (d, J=34.8 Hz), 100.17 ,98.56 , 55.60, 52.21, 49.19, 48.21,47.50 , 29.66 , 26.46 ,
25.46 ,24.49 ,21.46 ,12.62 (d, J = 16.9 Hz), 10.01; *'P NMR (122 MHz, CDCls) § 42.42; HRMS
(ESI-MS) [M+H]*: found 486.2322; calculated for C31H3503P: 486.2324.

2,3-Diphenyl camphor (1-phenylheptyl)phosphonate 2ac:

0.9
~

P.__Ph
0
Ph

Ph

78% vyield, white solid, m.p. = 98-103 °C, R¢ = 0.33 (PE/EA= 1:1), [a]**p = 89.3° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) 6 7.36 — 7.19 (m, 10H), 7.05 - 6.96 (m, 3H), 6.93 — 6.84 (m,
2H), 2.95 (d, J = 5.3 Hz, 1H), 2.73 (ddd, J = 17.8, 11.0, 3.5 Hz, 1H), 2.27 (d, J = 9.4 Hz, 1H), 2.12
—1.93 (m, 2H), 1.77 (s, 3H), 1.49 (tt, J = 13.7, 6.4 Hz, 1H), 1.40 — 1.31 (m, 2H), 1.25 (d, J =5.5
Hz, 2H), 1.16 (d, J = 15.4 Hz, 11H), 0.89 (d, J = 6.1 Hz, 6H); 3C NMR (75 MHz, CDCl3) § 138.22
(d, J=3.3Hz), 136.90 (d, J = 4.1 Hz), 135.25 (d, J = 6.8 Hz), 130.48 (d, J = 37.2 Hz), 129.26 (d, J
= 7.3 Hz), 128.06, 127.49, 126.75 (d, J = 2.9 Hz), 126.31, 100.13, 98.57, 55.59 (d, J = 3.0 Hz),
52.24 (d, J=3.3 Hz), 48.25,47.01, 45.34, 31.81, 31.44 (d, J = 4.0 Hz), 29.72, 28.98 (d, J = 7.9 Hz),
27.37 (d, J = 14.9 Hz), 26.50, 24.43, 22.61, 21.52, 14.21, 10.01; 3P NMR (122 MHz, CDCls) &
42.68; HRMS (ESI-MS) [M+H]*: found 556.3104; calculated for CsgH4503P: 556.3106.

2,3-Diphenyl camphor (2-methyl-1-phenylpropyl)phosphonate 2ad:

90% yield, white solid, m.p. = 95-100 °C, R = 0.44 (PE/EA= 1:1), [a]*®> = 90.5° (c = 1.00 in
CHCls); *H NMR (300 MHz, CDCl3) § 7.40 — 7.01 (m, 9H), 6.89 (s, 5H), 2.82 (d, J = 5.3 Hz, 1H),
2.50 — 2.24 (m, 2H), 1.94 (d, J = 16.9 Hz, 1H), 1.73 (s, 3H), 1.41 (d, J = 14.5 Hz, 1H), 1.22 (d, J =
6.3 Hz, 5H), 1.04 (s, 3H), 0.83 (s, 3H), 0.62 (d, J = 6.2 Hz, 3H); 13C NMR (75 MHz, CDCls) &
137.73, 134.99 (d, J = 5.7 Hz), 130.50, 129.88 (d, J = 8.3 Hz), 127.91 , 127.76 (d, J = 1.3 Hz),
127.37,126.58 (d, J = 2.2 Hz), 100.69 , 98.15 (d, J = 1.8 Hz), 55.90-54.92 (m), 53.94 , 51.96 (d, J
= 3.4 Hz), 48.10, 32.05 (d, J = 3.2 Hz), 29.88 , 26.60 , 24.48 , 23.27 (d, J = 6.5 Hz), 21.50 , 20.88
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(d, J = 13.0 Hz), 9.93 ; 3P NMR (122 MHz, CDCls) & 42.54; HRMS (ESI-MS) [M+H]*: found
500.2482; calculated for C32H37;03P:500.2480.

2,3-Diphenyl camphor (2-methyl-1-phenylbutyl)phosphonate 2ae:

o._unu
o~
Ph j/\/
Ph

82% yield, white solid, m.p. = 105-108 °C, Rs = 0.55 (PE/EA= 1:1), [a]?°> = 103.5° (¢ = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) 4 7.34 — 7.01 (m, 10H), 6.89 (d, J = 1.6 Hz, 5H), 2.83 (d, J =
5.4 Hz, 1H), 2.63 (dd, J = 18.5, 5.8 Hz, 1H), 2.21 (tg, J = 8.5, 6.0 Hz, 1H), 1.91 (ddd, J = 14.9, 8.0,
4.1 Hz, 1H), 1.73 (s, 3H), 1.56 (ddd, J = 13.2, 7.4, 5.6 Hz, 1H), 1.37 (dt, J = 14.3, 7.2 Hz, 1H), 1.25
—1.11 (m, 3H), 1.04 (s, 3H), 0.87 — 0.70 (m, 9H); *3C NMR (75 MHz, CDCls) 6 136.75 (d, J = 3.3
Hz), 135.83 (d, J = 4.4 Hz), 132.69 (d, J = 5.2 Hz), 129.33 (d, J = 8.9 Hz), 126.86 (d, J = 2.1 Hz),
126.57,126.30, 125.53 (d, J = 2.0 Hz), 125.03, 99.45 (d, J = 1.2 Hz), 97.13 (d, J = 1.7 Hz), 54.45
(d, J=29Hz),51.76 ,51.00 (d, J = 3.4 Hz), 50.09 , 47.05 , 36.37 (d, J = 2.8 Hz), 28.78 , 28.00 (d,
J=10.8Hz), 25.48,23.34,20.42,15.69 (d, J = 8.2 Hz), 11.24 , 8.88; 3'P NMR (122 MHz, CDCls)
6 42.59; HRMS (ESI-MS) [M+H]*: found 514.2637; calculated for C33sH3903P:514.2637.

2,3-Diphenyl camphor (2-cyano-1-phenylethyl)phosphonate 2ag:

O||

F’h LCN

82% vyield, white solid, m.p. = 98-100 °C, Rf = 0.45 (PE/EA= 1:1), [a]*®> = 103.5° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls3) & 7.41 — 6.94 (m, 15H), 3.34 — 2.88 (m, 4H), 2.03 (dp, J =
11.9,4.5Hz, 1H), 1.75 (s, 3H), 1.50 (td, J = 15.9, 14.2, 8.7 Hz, 1H), 1.33 (dd, J = 10.4, 6.6 Hz, 2H),
1.13 (s, 3H), 0.90 (s, 3H); **C NMR (75 MHz, CDCls) 6 137.43 (d, J = 3.4 Hz), 136.23 (d, J = 4.3
Hz), 132.53 (d, J = 6.6 Hz), 130.15 (d, J = 49.2 Hz), 128.83 (d, J = 6.9 Hz), 128.68 (d, J = 1.5 Hz),
128.56 (d, J = 2.8 Hz), 128.16 (d, J = 2.3 Hz), 127.78 , 126.78 , 117.30 (d, J = 21.2 Hz), 101.22 ,
99.91 (d, J = 1.3 Hz), 55.76 (d, J = 2.9 Hz), 52.10 (d, J = 3.5 Hz), 48.20 , 43.68 , 41.95 , 29.64 ,
26.50, 24.41 ,21.42 (d, J = 8.6 Hz), 9.94; *'P NMR (122 MHz, CDCls) 6 37.27; HRMS (ESI-MS)
[M+H]*: found 497.2120; calculated for C31H32,NO3P:497.2120.

2,3-Diphenyl camphor (3-fluoro-1-phenylpropyl)phosphonate 2ah:

73% vield, white solid, m.p. = 100-105 °C, R = 0.32 (PE/EA= 1:1), [a]®b = 150.5° (¢ = 1.00 in
CHCls); *H NMR (300 MHz, CDCls) § 7.18 (s, 10H), 6.92 (d, J = 15.5 Hz, 5H), 4.34 (d, J = 46.6
Hz, 1H), 3.94 (d, J = 47.8 Hz, 1H), 3.10 — 2.82 (m, 2H), 2.67 (s, 1H), 2.38 — 2.07 (m, 1H), 1.96 (s,

7
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1H), 1.70 (s, 3H), 1.44 — 1.19 (m, 3H), 1.06 (s, 3H), 0.83 (s, 3H); 3C NMR (75 MHz, CDCls) §
137.97 (d, J = 3.3 Hz), 136.40 (d, J = 4.1 Hz), 133.85 (d, J = 6.8 Hz), 130.63 , 130.03 , 129.43 (d, J
=7.4 Hz), 128.57 — 127.91 (m), 127.55, 127.20 (d, J = 2.6 Hz), 126.36 , 100.51,98.99 (d, J = 1.4
Hz), 81.59 (d, J = 15.9 Hz), 79.39 (d, J = 15.8 Hz), 55.64 (d, J = 3.0 Hz), 52.18 (d, J = 3.4 Hz),
48.24 , 42.80 (d, J = 3.4 Hz), 41.08 (d, J = 3.3 Hz), 32.77 (dd, J = 20.2, 3.5 Hz), 29.69 , 26.49 ,
24.46 ,21.48 ,9.99; 3P NMR (122 MHz, CDCls) 8 41.76; °F NMR (282 MHz, CDCls) § -221.87
(tad, J = 47.1, 37.2, 15.2 Hz); HRMS (ESI-MS) [M+H]*: found 504.5723; calculated for
C31H34FO3P:504.5720.

2,3-Diphenyl camphor (3,3-difluoro-1-phenylpropyl)phosphonate 2ai:

ol
O/P Ph
Ph
Ph \(fF

F

79% vyield, white solid, m.p. = 114-118 °C, Rs = 0.33 (PE/EA= 1:1), [#]®p = 159.2° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) & 7.44 — 7.17 (m, 10H), 7.03 (dd, J = 5.3, 2.0 Hz, 3H), 6.94
(dt, J=7.8,2.2 Hz, 2H), 5.68 — 5.13 (m, 1H), 3.15-2.90 (m, 2H), 2.81 - 2.51 (m, 2H), 2.16 — 1.94
(m, 1H), 1.76 (s, 3H), 1.40 (m, 3H), 1.14 (s, 3H), 0.90 (s, 3H); *C NMR (75 MHz, CDCls) § 137.83
(d, J=3.3 Hz), 136.23 (d, J = 4.2 Hz), 133.23 (d, J = 7.4 Hz), 130.28 (d, J = 48.0 Hz), 129.06 (d, J
= 7.3 Hz), 128.72 — 128.26 (m), 127.60, 126.49, 118.61 (d, J = 20.5 Hz), 115.43 (d, J = 20.3 Hz),
112.25 (d, J = 20.4 Hz), 100.78, 99.37 (d, J = 1.5 Hz), 55.70 (d, J = 3.0 Hz), 52.22 (d, J = 3.5 Hz),
48.26,41.68 (d, J=8.6 Hz), 39.95 (d, J= 7.2 Hz), 36.42 (d, J = 21.6 Hz), 29.69, 26.49, 24.40, 21.51,
9.95; 3P NMR (122 MHz, CDCls) & 39.64; *F NMR (282 MHz, CDCls) & -103.80 — -136.08 (m);
HRMS (ESI-MS) [M+H]*: found 522.2136; calculated for Cs1Hs3F2.03P: 522.2135.

2,3-Diphenyl camphor (4,4,4-trifluoro-1-phenylbutyl)phosphonate 2aj:

0.7
~

P.__Ph

Bo
Ph F
F

F

83% yield, white solid, m.p. = 103-110 °C, R¢ = 0.43 (PE/EA= 1:1), [@]*>> = 103.2° (¢ = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) & 7.43 — 7.17 (m, 10H), 7.11 - 6.72 (m, 6H), 2.97 (d, J = 5.3
Hz, 1H), 2.91 — 2.72 (m, 1H), 2.56 (d, J = 7.3 Hz, 1H), 2.48 — 2.26 (m, 1H), 2.14 — 1.89 (m, 2H),
1.76 (s, 4H), 1.63 — 1.42 (m, 2H), 1.36 (dd, J = 16.8, 6.0 Hz, 3H), 1.14 (s, 3H), 0.90 (s, 3H); 1*C
NMR (75 MHz, CDCls) 6 130.67 (d, J =5.2 Hz), 129.93 ,129.17 (d, J = 7.1 Hz), 128.48 (d, J = 2.1
Hz), 128.38 , 128.18 , 127.59 , 127.41 (d, J = 2.8 Hz), 126.48 , 100.51 , 99.11 , 55.65 (d, J = 2.9
Hz), 52.21 (d, J = 3.4 Hz), 48.24 , 45.66 , 43.96 , 29.66 , 26.44 , 24.36 , 23.89 , 21.45 , 9.93; 3P
NMR (122 MHz, CDCls) & 40.56; °F NMR (282 MHz, CDCl3) & -77.13 (dd, J = 32.8, 16.7 Hz);
HRMS (ESI-MS) [M+H]*: found 554.2198; calculated for CsoHz4F303P: 554.2198.

2,3-Diphenyl camphor (1-phenylbut-3-en-1-yl)phosphonate 2ak:

8



207

208
209
210
211
212
213
214
215
216
217

218

219

220
221
222
223
224
225
226
227
228
229

230

231

232
233
234
235
236

0%
o/PT\Fi
Ph
Ph =

83% yield, white solid, m.p. = 95-98 °C, Rf = 0.45 (PE/EA= 1:1), [¢]®p = 123.5° (¢ = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) 6 7.38 — 7.17 (m, 10H), 7.04 — 6.97 (m, 3H), 6.91 (dd, J = 5.6,
2.6 Hz, 2H), 5.67 — 5.44 (m, 1H), 5.16 — 4.82 (m, 2H), 3.14 — 2.94 (m, 2H), 2.88 — 2.71 (m, 2H),
2.12—1.96 (m, 1H), 1.78 (s, 3H), 1.57 — 1.42 (m, 1H), 1.33 (ddd, J = 20.6, 11.0, 5.1 Hz, 2H), 1.14
(s, 3H), 0.90 (s, 3H); *C NMR (75 MHz, CDCl3) § 138.12 (d, J = 3.3 Hz), 136.74 (d, J = 4.1 Hz),
135.17 (d, J = 16.0 Hz), 134.64 (d, J = 6.7 Hz), 130.67 , 130.20 , 129.30 (d, J = 7.3 Hz), 128.39 —
127.98 (m), 127.53, 126.91 (d, J = 2.7 Hz), 126.35, 117.25, 100.33, 98.79 (d, J = 1.4 Hz), 55.64
(d, J=3.0 Hz), 52.23 (d, J = 3.3 Hz), 48.25 , 47.67 , 46.00 , 36.28 (d, J = 3.4 Hz), 29.67 , 26.51 ,
24,50 , 21.51 , 10.04; 3P NMR (122 MHz, CDCls) & 41.47; HRMS (ESI-MS) [M+H]*: found
498.5923;calculated for C3H3503P:498.5923.

2,3-Diphenyl camphor (2-cyclopropyl-1-phenylethyl)phosphonate 2al:

92% yield, white solid, m.p. = 115-118 °C, R¢ = 0.35 (PE/EA= 1:1), [a]®p = 113.4° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls3) & 7.41 — 7.15 (m, 10H), 7.06 — 6.84 (m, 5H), 3.12 — 2.71 (m,
2H), 2.47 — 2.28 (m, 1H), 2.05 — 1.98 (m, 1H), 1.77 (s, 3H), 1.56 — 1.43 (m, 1H), 1.38 — 1.22 (m,
3H), 1.13 (s, 3H), 0.88 (s, 3H), 0.55 — 0.18 (m, 3H), 0.06 (dt, J = 9.1, 4.6 Hz, 1H), -0.22 (dqg, J =
9.4, 4.7 Hz, 1H); *C NMR (75 MHz, CDCl3) & 138.17 (d, J = 3.3 Hz), 136.86 (d, J = 4.1 Hz),
135.43 (d, J = 6.6 Hz), 130.47 (d, J = 36.5 Hz), 129.26 (d, J = 7.5 Hz), 128.64 — 127.83 (m), 127.48,
126.74 (d, J = 2.7 Hz), 126.25, 100.15, 98.55 (d, J = 1.5 Hz), 68.01 , 55.56 (d, J = 3.0 Hz), 52.21
(d, J=3.3Hz),48.10 (d, J = 19.4 Hz), 46.30, 37.24 (d, J = 3.4 Hz), 29.67 , 26.44 , 24.45 ,21.44 ,
10.50 — 8.59 (m), 5.39 , 3.93; 3P NMR (122 MHz, CDCls) § 42.18; HRMS (ESI-MS) [M+H]*:
found 512.2480; calculated for Cs3H3703P:512.2480.

2,3-Diphenyl camphor (cyclohex-2-en-1-yl(phenyl)methyl)phosphonate 2am:

84% yield, white solid, m.p. = 102-108 °C, R¢ = 0.33 (PE/EA= 1:1), [@]*>> = 113.8° (¢ = 1.00 in
CHCls); 'H NMR (300 MHz, CDCls) § 7.29 — 6.95 (m, 15H), 6.32 (d, J = 8.9 Hz, 1H), 5.98 (d, J =
9.6 Hz, 1H), 2.89 (d, J = 5.0 Hz, 2H), 2.64 (dd, J = 16.5, 9.2 Hz, 1H), 2.00 (d, J = 10.4 Hz, 4H),
1.82 (s, 3H), 1.47 — 1.28 (m, 6H), 1.12 (s, 3H), 0.89 (s, 3H): 13C NMR (75 MHz, CDCl3) § 137.75

(d, J = 3.4 Hz), 136.59 (d, J = 4.2 Hz), 135.17 (d, J = 5.7 Hz), 130.72, 130.14 (d, J = 5.4 Hz),
9
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129.74 (d, J = 8.3 Hz), 129.41 , 127.90 (d, J = 6.5 Hz), 127.35, 126.67 (d, J = 1.8 Hz), 126.00 ,
100.76 (d, J=1.1 Hz), 98.13 (d, J = 1.4 Hz), 55.56 (d, J = 2.9 Hz), 53.39, 52.34 — 51.03 (m), 48.20,
39.10 (d, J = 3.0 Hz), 29.71 , 26.62 , 25.95 (d, J = 13.3 Hz), 25.40, 24.61 , 21.62 , 19.84 , 10.08;
3P NMR (122 MHz, CDCls) 6 42.06; HRMS (ESI-MS) [M+H]*: found 538.2634; calculated for
CasH3903P: 538.2637.

2,3-Diphenyl camphor (1,2-diphenylethyl)phosphonate 2an:

P._Ph

84% yield, white solid, m.p. = 112-114 °C, R¢ = 0.55 (PE/EA= 1:1), [a]®> = 13.8° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls) § 7.39 — 7.09 (m, 13H), 6.88 (dd, J = 29.6, 13.1 Hz, 7H), 3.77
—3.58 (m, 1H), 3.31 — 3.11 (m, 1H), 3.05 — 2.85 (m, 2H), 2.04 (t, J = 11.9 Hz, 1H), 1.82 (s, 3H),
1.57 - 1.46 (m, 1H), 1.32 (dd, J = 17.7, 7.7 Hz, 2H), 1.15 (s, 3H), 0.90 (s, 3H); 3C NMR (75 MHz,
CDCls) 8 138.86 (d, J = 16.0 Hz), 138.02 (d, J = 3.3 Hz), 136.80 (d, J = 4.1 Hz), 134.48 (d, J = 6.1
Hz), 130.39 (d, J = 30.1 Hz), 129.44 (d, J = 7.6 Hz), 129.11 , 128.64 — 127.74 (m), 127.46 , 127.20
—125.96 (m), 100.35, 98.75, 55.63 (d, J = 3.0 Hz), 52.21 (d, J = 3.2 Hz), 50.24 , 48.41 (d, J = 25.1
Hz), 38.82 , 29.63 , 26.48 , 24.55 , 21.51, 10.01; 3P NMR (122 MHz, CDCls) § 41.43; HRMS
(ESI-MS) [M+H]*: found 548.2480;calculated for CssH3703P: 548.2480.

2,3-Diphenyl camphor (1-phenyl-2-(o-tolyl)ethyl)phosphonate 2ao:

Me

87% yield, white solid, m.p. = 100-102 °C, R¢ = 0.65 (PE/EA= 1:1), [@]®p = 102.3° (c = 1.00 in
CHCls); 'H NMR (300 MHz, CDCls) § 7.52 — 6.84 (m, 19H), 3.60 (ddd, J = 13.9, 9.1, 5.0 Hz, 1H),
3.25 (td, J = 13.7, 9.7 Hz, 1H), 3.04 (ddd, J = 16.4, 9.6, 5.0 Hz, 1H), 2.92 (d, J = 5.2 Hz, 1H), 2.09
—1.96 (m, 1H), 1.94 (s, 3H), 1.83 (s, 3H), 1.47 (dt, J = 14.5, 7.2 Hz, 1H), 1.28 (t, J = 7.0 Hz, 2H),
1.12 (s, 3H), 0.87 (s, 3H): 3C NMR (75 MHz, CDCl3) & 137.90 (d, J = 3.3 Hz), 136.82 (dd, J = 9.0,
4.8 Hz), 136.48, 135.10 (d, J = 5.6 Hz), 130.25 (d, J = 9.3 Hz), 129.37 (d, J = 8.0 Hz), 128.29 —
127.90 (m), 127.49, 126.56, 125.83, 100.51, 98.67 (d, J = 1.7 Hz), 55.60 (d, J = 2.8 Hz), 52.10 (d,
J=3.4Hz),49.01, 48.21, 47.34, 36.27 (d, J = 3.2 Hz), 29.81, 26.61, 24.53, 21.63, 19.59, 9.97; 3'P
NMR (122 MHz, CDCls) 8 41.62; HRMS (ESI-MS) [M+H]*: found 562.2639.;calculated for
C37H3003P: 562.2637.

2,3-Diphenyl camphor (1-phenyl-2-(m-tolyl)ethyl)phosphonate 2ap:

1
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87% yield, white solid, m.p. = 100-102 °C, Rs = 0.65 (PE/EA= 1:1), []?°> = 102.3° (c = 1.00 in
CHCIs); *H NMR (300 MHz, CDCls3) & 7.42 — 7.09 (m, 10H), 6.90 (dd, J = 22.4, 6.0 Hz, 7H), 6.69
—6.45 (m, 2H), 3.74 — 3.55 (m, 1H), 3.14 (q, J = 11.0 Hz, 1H), 2.92 (dd, J = 18.8, 8.3 Hz, 2H), 2.20
(s, 3H), 2.11 — 1.95 (m, 1H), 1.82 (s, 3H), 1.51 (dt, J = 14.3, 7.0 Hz, 1H), 1.31 (dd, J = 19.4, 10.1
Hz, 2H), 1.14 (s, 3H), 0.91 (s, 3H); *C NMR (75 MHz, CDCls) 5 138.86 (d, J = 15.9 Hz), 138.06 ,
137.71, 136.86 , 134.68 (d, J = 6.0 Hz), 130.46 (d, J = 28.2 Hz), 130.02 , 129.49 (d, J = 7.6 Hz),
128.54 — 127.87 (m), 127.49 , 127.15 - 126.72 (m), 126.32 (d, J = 29.2 Hz), 100.37 , 98.78 (d, J =
1.6 Hz), 55.65 (d, J = 3.0 Hz), 52.24 (d, J = 3.3 Hz), 50.36 , 48.70 , 48.27 , 38.91 (d, J = 3.4 Hz),
29.66 , 26.53 , 24.59 , 21.47 (d, J = 15.0 Hz), 10.06; 3P NMR (122 MHz, CDCl3) 6 41.58; HRMS
(ESI-MS) [M+H]*: found 562.6775;calculated for Cs7Hz903P: 562.2637.

2,3-Diphenyl camphor (1-phenyl-2-(p-tolyl)ethyl)phosphonate 2ar:

0.9
O/P Ph
Ph
Ph

Me

83% yield, white solid, m.p. = 112-114 °C, R¢ = 0.63 (PE/EA= 1:1), [a]®p = 113.8° (c = 1.00 in
CHCIs3); 'H NMR (300 MHz, CDCl3) 6 7.24 — 6.96 (m, 12H), 6.81 — 6.70 (m, 6H), 6.54 (d, J=7.6
Hz, 1H), 3.62 — 3.45 (m, 1H), 3.03 (dt, J = 13.4, 9.9 Hz, 1H), 2.81 (dd, J = 11.7, 3.9 Hz, 2H), 2.08
(s, 3H), 1.87 (t, J = 12.0 Hz, 1H), 1.68 (s, 3H), 1.43 — 1.34 (m, 1H), 1.21 — 1.12 (m, 2H), 0.99 (s,
3H), 0.76 (s, 3H); **C NMR (75 MHz, CDCls) & 138.06 (d, J = 3.3 Hz), 136.83 (d, J = 4.0 Hz),
135.79 (t, J = 8.1 Hz), 134.66 (d, J = 6.0 Hz), 130.46 (d, J = 30.8 Hz), 129.55 (d, J = 7.5 Hz), 128.98
(d, J=4.7 Hz), 128.18 (d, J = 4.6 Hz), 128.01 , 127.53 , 126.89 (d, J = 2.3 Hz), 126.52 , 100.39,
98.81 (d, J = 1.3 Hz), 68.03 , 55.68 (d, J = 3.0 Hz), 52.27 (d, J = 3.1 Hz), 50.37 , 48.71 , 48.29,
38.48 (d, J = 3.0 Hz), 29.69, 26.57 , 25.89 (d, J = 26.6 Hz), 24.62 , 21.77 (d, J = 21.9 Hz), 21.19
(d, J = 7.3 Hz), 9.88 (d, J = 35.0 Hz); 3P NMR (122 MHz, CDCls) 4 42.06; HRMS (ESI-MS)
[M+H]*: found 562.2637; calculated for C37H3903P: 562.2637.

2,3-Diphenyl camphor (2-(4-chlorophenyl)-1-phenylethyl)phosphonate 2as:

0

NI
O/P Ph
Ph
Ph

Cl



292
293
294
295
296
297
298
299
300

301

302

303
304
305
306
307
308
309
310
311
312

313

314

315
316
317
318
319
320
321
322

88% yield, white solid, m.p. = 118-120 °C, Rs = 0.38 (PE/EA= 1:1), []?°> = 123.2° (¢ = 1.00 in
CHCls3); *H NMR (300 MHz, CDCls) 6 7.29 — 6.43 (m, 20H), 3.00 (dt, J = 13.5, 10.3 Hz, 1H), 2.79
(d, J = 5.2 Hz, 1H), 1.88 (s, 1H), 1.65 (s, 3H), 1.35 (dd, J = 14.4, 7.6 Hz, 1H), 1.20 (s, 3H), 0.99 (s,
3H), 0.74 (s, 3H); 3C NMR (75 MHz, CDCls) & 137.89 (d, J = 3.3 Hz), 137.35 (d, J = 16.0 Hz),
136.76 (d, J = 4.1 Hz), 134.14 (d, J = 6.1 Hz), 132.16 , 130.47 (d, J = 12.5 Hz), 129.38 (d, J = 7.6
Hz), 128.35, 128.21 , 128.11 , 127.52 , 127.06 , 126.47 , 100.43 , 98.88 , 55.64 (d, J = 3.0 H2),
52.18 (d, J = 3.3 Hz), 50.15, 48.49 , 48.22, 38.20, 29.61 , 26.48 , 24.51 , 21.50, 10.01; 3P NMR
(122 MHz, CDCl3) 6 41.01; HRMS (ESI-MS) [M+H]*: found 582.2091; calculated for C3sH3sCIO3P:
582.2091.

2,3-Diphenyl camphor (2-(4-iodophenyl)-1-phenylethyl)phosphonate 2at:

“>P._Ph

80% yield, white solid, m.p. = 102-110 °C, R¢ = 0.33 (PE/EA= 1:1), [a]?®*b = 100.1° (c = 1.00 in
CHCIs3); 'H NMR (300 MHz, CDCl3) 6 7.51 — 7.11 (m, 12H), 6.95 (d, J = 7.0 Hz, 3H), 6.88 — 6.80
(m, 2H), 6.54 (d, J = 8.0 Hz, 2H), 3.60 (ddd, J = 13.2, 9.1, 3.8 Hz, 1H), 3.13 (dt, J = 13.4, 10.1 Hz,
1H), 2.99 — 2.79 (m, 2H), 2.04 (ddt, J = 15.0, 10.0, 5.2 Hz, 1H), 1.80 (s, 3H), 1.50 (dt, J = 14.2, 7.2
Hz, 1H), 1.35 (dd, J = 7.7, 3.9 Hz, 2H), 1.15 (s, 3H), 0.90 (s, 3H); *C NMR (75 MHz, CDCl3) §
138.57 (d, J = 16.0 Hz), 137.93 (d, J = 3.4 Hz), 137.28, 136.79 (d, J = 4.1 Hz), 134.20 (d, J = 6.0
Hz), 131.14, 130.36 (d, J = 31.7 Hz), 129.40 (d, J = 7.6 Hz), 128.17 (dd, J = 7.4, 2.6 Hz), 127.54,
127.08, 126.50, 100.43, 98.87 (d, J = 1.6 Hz), 91.86, 55.66 (d, J = 3.0 Hz), 52.21 (d, J = 3.3 Hz),
48.25,38.42 (d, J=3.2 Hz), 29.64, 26.52, 24.54, 21.54, 10.04; 3'P NMR (122 MHz, CDCl3) § 40.92;
HRMS (ESI-MS) [M+H]*: found 674.1448; calculated for C3sHsslO3P: 674.1447.

2,3-Diphenyl camphor (2-(4-methoxyphenyl)-1-phenylethyl)phosphonate 2au:

““P.__Ph

OMe

83% vyield, white solid, m.p. = 111-114 °C, Rs = 0.63 (PE/EA= 1:1), [a]®p = 88.1° (c = 1.00 in
CHCls); "H NMR (300 MHz, CDCl3) & 7.31 (d, J = 40.6 Hz, 5H), 7.15 (d, J = 7.9 Hz, 8H), 7.02 —
6.85 (m, 5H), 6.78 (d, J = 8.1 Hz, 2H), 3.30 — 3.07 (m, 1H), 3.01 — 2.80 (m, 2H), 1.80 (s, 3H), 1.33
(dd, J=9.7, 4.0 Hz, 2H), 1.25 (s, 3H), 1.13 (5, 3H), 0.90 (s, 2H), 0.86 (d, J = 5.4 Hz, 5H); 13C NMR
(75 MHz, CDCls) & 149.08 , 138.02 (d, J = 3.5 Hz), 136.73 (d, J = 4.0 Hz), 135.67 (d, J = 15.5 Hz),
134.64 (d, J = 6.0 Hz), 129.42 (d, J = 7.7 Hz), 128.86 , 128.06 (d, J = 4.5 Hz), 127.94 (d, J = 1.5
Hz), 127.46 , 126.79 (d, J = 2.4 Hz), 125.04 , 100.31 , 98.69 , 55.59 (d, J = 3.0 Hz), 52.15 , 50.17 ,
48.52 ,48.22 ,38.36, 34.39, 31.38, 29.59 , 26.49 , 25.73 (d, J = 2.0 Hz), 24.59 , 21.49,9.97 , -
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2.90 , -3.52; 3P NMR (122 MHz, CDCls) § 41.67; HRMS (ESI-MS) [M+H]*: found 578.2586;
calculated for C37H3904P: 578.2586.

2,3-Diphenyl camphor sec-butylphosphonate 2ba:

o/P\(
Ph
Ph

80% yield, white solid, m.p. = 88-91 °C, R¢=0.48 (PE/EA=1:1), [a]*®po = 73.3° (¢ = 1.00 in CHCl5);
'H NMR (300 MHz, CDCls3) 6 7.61 — 6.92 (m, 10H), 2.93 (d, J = 5.3 Hz, 1H), 2.08 (tdd, J = 20.8,
14.5, 7.2 Hz, 3H), 1.76 (ttd, J = 19.4, 11.5, 11.0, 5.8 Hz, 3H), 1.46 (s, 3H), 1.34 — 1.17 (m, 6H),
1.13 (s, 3H), 0.95 (t, J = 7.5 Hz, 1H), 0.85 (s, 3H); *C NMR (75 MHz, CDCl3) 6 170.14 , 136.43
(d,J=70.4Hz),126.62,126.30, 125.93, 100.47 — 94.22 (m), 66.94 , 59.37 , 54.10 (d, J = 5.4 Hz),
50.59 , 46.81 , 33.25 (d, J = 127.8 Hz), 28.35 , 24.86 , 24.34 (d, J = 3.7 Hz), 23.57 , 20.17 (d, J =
22.3 Hz), 13.30 (d, J = 18.6 Hz), 11.63 (d, J = 8.2 Hz), 8.90; 3P NMR (122 MHz, CDCls) § 49.72;
HRMS (ESI-MS) [M+H]*: found 424.2167; calculated for CosH3303P: 424.2167.

2,3-Diphenyl camphor (1-isobutylethyl)phosphonate 2bc:

0%
o/P
Ph

Ph

79% yield, white solid, R = 0.45 (PE/EA= 1:1), [0]%b = 83.2° (¢ = 1.00 in CHCIs); 'H NMR (300
MHz, CDCls) § 7.49 — 7.45 (m, 3H), 7.22 — 7.17 (m, 7H), 2.92 (d, J = 5.3 Hz, 1H), 2.17 — 1.92 (m,
3H), 1.83 — 1.73 (m, 2H), 1.47 (dd, J = 10.7 Hz, 4 H), 1.44 — 1.34 (m, 2H), 1.28 — 1.25 (dd, J = 7.0,
2.7 Hz, 3H), 1.20 (d, J = 7.1 Hz, 1H), 1.13 (s, 3H), 0.97 (dd, J = 8.9, 6.3 Hz, 3H), 0.85 (s, 3H); 1*C
NMR (75 MHz, CDCls) § 138.04 (d, J = 11.7 Hz), 137.08, 127.60 (d, J = 6.4 Hz), 127.30 (d, J = 3.9
Hz), 126.94, 100.17 (d, J = 3.4 Hz), 98.55 (dd, J = 9.1, 3.5 Hz), 97.00 (d, J = 3.7 Hz), 55.10 (t, J =
5.7 Hz), 51.66 (dd, J = 12.7, 5.4 Hz), 47.81 (d, J = 2.4 Hz), 40.50 (d, J = 20.6 Hz), 38.84 (d, J =
20.4 Hz), 30.20 — 28.53 (m), 25.91 (d, J = 1.8 Hz), 24.65 (d, J = 6.3 Hz), 22.67 (d, J = 7.3 Hz),
22.22 (d, J = 6.8 Hz), 21.50 (d, J = 12.7 Hz), 19.93 (dd, J = 26.9, 12.1 Hz), 11.91 (d, J = 4.7 Hz),
9.99; 3P NMR (122 MHz, CDCl3) § 49.33; HRMS (ESI-MS) [M+H]*: found 438.2321; calculated
for Co7H3503P: 438.2324.

2,3-Diphenyl camphor (1-cyclohexylethyl)phosphonate 2bd:

o.
O/
Ph
Ph

@)
Il
P

87% yield, white solid, m.p. = 113-116 °C, Rs = 0.49 (PE/EA= 1:1), [¢]%> = 105.3° (¢ = 1.00 in
CHCls); 'H NMR (300 MHz, CDCls) § 7.79 — 6.67 (m, 10H), 2.92 (d, J = 5.3 Hz, 1H), 2.20 — 1.94
(m, 3H), 1.89 — 1.74 (m, 3H), 1.71 — 1.54 (m, 4H), 1.49 (d, J = 7.2 Hz, 1H), 1.45 (s, 3H), 1.36 (dt,

1.
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J=8.6,4.2 Hz, 2H), 1.32 - 1.17 (m, 4H), 1.13 (s, 3H), 1.09 — 0.91 (m, 2H), 0.85 (s, 3H); *C NMR
(75 MHz, CDCl3) 6 171.01, 143.39, 141.90, 138.09, 137.07, 130.29, 128.42, 128.06, 127.86, 127.52,
127.43 —127.08 (m), 126.94, 126.33, 103.89, 98.53 (d, J = 21.4 Hz), 90.70, 60.65, 55.64, 55.08 (d,
J=5.5Hz),51.77 (d, J = 5.5 Hz), 47.77, 40.95, 40.04, 38.27 (d, J = 15.3 Hz), 32.75 (d, J = 6.3 Hz),
30.70 (d, J =19.3 Hz), 30.04 (d, J = 5.5 Hz), 29.84, 29.39, 26.47, 26.24, 26.12, 25.93, 25.55 (d, J =
3.9 Hz), 25.14 — 24.34 (m), 21.64 , 20.94, 11.87, 10.00; 3P NMR (122 MHz, CDCls) & 49.49;
HRMS (ESI-MS) [M+H]*: found 478.2637; calculated for CsoH39O3P: 478.2637.

2,3-Diphenyl camphor (1-(2-methoxyphenyl)ethyl)phosphonate 2be:

0.9
‘o/P
Pr?h OMe
82% yield, white solid, Rs = 0.39 (PE/EA= 5:1), [a]®p = 57.3° (¢ = 1.00 in CHCls); *H NMR (300
MHz, CDCls) § 7.20 (s, 10H), 6.85 (t, J = 8.0 Hz, 1H), 6.45 (dd, J = 16.5, 8.0 Hz, 2H), 6.22 (s, 1H),
3.77 - 3.52 (m, 1H), 3.36 (s, 3H), 2.87 (dd, J = 20.2, 6.4 Hz, 1H), 1.72 — 1.57 (m, 3H), 1.31 — 1.13
(m, 4H), 1.05 (s, 3H), 0.80 (s, 6H); 13C NMR (75 MHz, CDCls) & 159.18, 138.97 — 138.12 (m),
136.95 (d, J = 4.2 Hz), 130.81, 130.16, 129.16, 128.33, 128.01, 127.58, 126.36, 120.73, 113.49,
100.17, 98.78, 55.61 (d, J = 3.0 Hz), 55.00, 52.22, 48.22, 40.75, 39.08, 31.62, 29.75, 26.48, 24.39,
22.68,21.45, 16.59 (d, J = 5.5 Hz), 14.16, 9.92; 3P NMR (122 MHz, CDCls) 5 43.25; HRMS (ESI-

MS) [M+H]*: found 502.2275; calculated for C31H3504P: 502.2273.

2,3-Diphenyl camphor (1-(3-methoxyphenyl)ethyl)phosphonate 2bf:

lo~” OMe
Ph
Ph

80% vield, white solid, R¢ = 0.37 (PE/EA= 5:1), [@]®b = 67.3° (¢ = 1.00 in CHCls); *H NMR (300
MHz, CDCl3) 4 7.62 — 6.82 (m, 14H), 3.85 (s, 3H), 3.67 — 3.47 (m, 1H), 2.94 (dd, J = 22.5, 5.4 Hz,
1H), 2.17 — 2.01 (m, 1H), 1.88 — 1.69 (m, 1H), 1.68 — 1.52 (m, 6H), 1.43 — 1.22 (m, 2H), 1.16 (s,
3H), 0.74 (s, 3H); *C NMR (75 MHz, CDCls) § 159.80 (d, J = 2.4 Hz), 139.28 (d, J = 6.6 Hz),
137.83, 136.76, 129.70 (d, J = 2.4 Hz), 127.78, 127.29, 127.04, 120.96 (d, J = 6.7 Hz), 114.01 (d, J
= 6.9 Hz), 113.15 (d, J = 3.0 Hz), 99.77 (d, J = 2.5 Hz), 98.48 (d, J = 4.1 Hz), 55.83 — 54.70 (m),
51.69 (d, J = 5.5 Hz), 47.83, 39.88, 38.20, 29.33, 25.93, 24.64, 21.88, 16.85 (d, J = 4.7 Hz), 9.85;
3P NMR (122 MHz, CDCls) § 43.57; HRMS (ESI-MS) [M+H]*: found  502.2276; calculated for
C31H3504PI 502.2273.

2,3-Diphenyl camphor (1-(4-methoxyphenyl)ethyl)phosphonate 2bg:

oM
0.9 )
O’;P
Ph
Ph
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83% yield, white solid, m.p. = 101-105 °C, R¢ = 0.38 (PE/EA= 5:1), [a]*®> = 57.8° (c = 1.00 in
CHCIs3); 'H NMR (300 MHz, CDCls) 8 7.29 (s, 10H), 6.74 (d, J = 6.7 Hz, 2H), 6.54 (d, J = 8.5 Hz,
2H), 3.63 (s, 3H), 2.98 (d, J = 5.1 Hz, 1H), 2.03 (ddt, J = 14.9, 9.7, 5.0 Hz, 1H), 1.76 (s, 2H), 1.66
(dd, J =18.7, 7.1 Hz, 3H), 1.49 (dd, J = 13.5, 6.9 Hz, 1H), 1.43 — 1.23 (m, 2H), 1.13 (s, 3H), 0.88
(s, 3H); 3C NMR (75 MHz, CDCl3) 4 137.97 (d, J = 3.3 Hz), 136.40 (d, J = 4.1 Hz), 133.85(d, J =
6.8 Hz), 130.63 , 130.03 , 129.43 (d, J = 7.4 Hz), 128.57 — 127.91 (m), 127.55,127.20 (d, J = 2.6
Hz), 126.36 , 100.51 , 98.99 (d, J = 1.4 Hz), 81.59 (d, J = 15.9 Hz), 79.39 (d, J = 15.8 Hz), 55.64
(d,J=3.0Hz),52.18 (d, J =3.4 Hz), 48.24 , 42.80 (d, J = 3.4 Hz), 41.08 (d, J = 3.3 Hz), 32.77 (dd,
J=20.2,3.5Hz), 29.69, 26.49 , 24.46 , 21.48 , 9.99; 3'P NMR (122 MHz, CDCls)  43.78; HRMS
(ESI-MS) [M+H]*: found 502.2278; calculated for C31H3504P: 502.2273.

2,3-Diphenyl camphor (1-(4-fluorophenyl)ethyl)phosphonate 2bh:

F
0%
o "
Ph
Ph

80% yield, white solid, Rf = 0.33 (PE/EA=5:1); *H NMR (300 MHz, CDCls) § 7.29 (s, 10H), 6.91
— 6.49 (M, 4H), 2.95 (dd, J = 20.3, 6.2 Hz, 2H), 2.03 (ddt, J = 14.2, 9.4, 4.5 Hz, 1H), 1.76 (s, 3H),
1.67 (dd, J = 18.6, 6.8 Hz, 3H), 1.48 (tt, J = 15.6, 7.4 Hz, 1H), 1.40 — 1.23 (m, 2H), 1.14 (s, 3H),
0.89 (s, 3H); *C NMR (75 MHz, CDCl3) 6 163.31 (d, J = 3.3 Hz), 160.06 (d, J = 3.3 Hz), 138.29
(d, J = 3.3 Hz), 136.86 (d, J = 4.2 Hz), 131.84 — 129.61 (m), 128.75 — 127.31 (m), 126.41, 115.01
(dd, J = 21.2, 2.4 Hz), 100.26, 98.77, 55.64 (d, J = 2.8 Hz), 52.24 (d, J = 3.4 Hz), 48.25, 39.98,
38.29, 29.74, 26.46, 24.32, 21.46, 16.96 (d, J = 5.4 Hz), 9.91; *'P NMR (122 MHz, CDCls) 5 43.10;
F NMR (282 MHz, CDCls) & -116.10 (dt, J = 8.6, 4.6 Hz); HRMS (ESI-MS) [M+H]*: found

490.2152; calculated for C31H3504P: 490.2073.
2,3-Diphenyl camphor (1-(4-chlorophenyl)ethyl)phosphonate 2bi:

Cl
0.

O/\P

Ph
Ph

82% vyield, white solid, Rf = 0.32 (PE/EA= 5:1); *H NMR (300 MHz, CDCl3) & 7.30 (s, 10H), 6.97
(d, J=8.2 Hz, 2H), 6.75 (dd, J = 8.6, 2.4 Hz, 2H), 3.11 — 2.83 (m, 2H), 2.12 — 1.94 (m, 1H), 1.75
(s, 3H), 1.67 (dd, J = 18.6, 7.1 Hz, 3H), 1.56 — 1.41 (m, 1H), 1.40 — 1.24 (m, 2H), 1.13 (s, 3H), 0.88
(s, 3H); 3C NMR (75 MHz, CDCl3) 5 138.27 (d, J = 3.3 Hz), 136.82 (d, J = 4.3 Hz), 135.71 (d, J =
7.3 Hz), 132.68 (d, J = 3.7 Hz), 129.78 (d, J = 6.7 Hz), 128.69 — 127.89 (m), 126.43, 100.32, 98.83
(d, J=1.6 Hz), 55.65 (d, J=2.9 Hz), 52.24 (d, J = 3.5 Hz), 48.24, 40.17, 38.49, 29.73, 26.46, 24.31,
21.45,16.78 (d, J = 5.5 Hz), 9.91; 3'P NMR (122 MHz, CDCls) 6 42.72; HRMS (ESI-MS) [M+H]*:
found 506.1858; calculated for C31H3504P: 506.1778.

2,3-Diphenyl camphor (2-(quinolin-2-yl)-1-phenylethyl)phosphonate 2bj:

1
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82% vyield, white solid, Rt = 0.25 (PE/EA=5:1); *H NMR (300 MHz, CDCl3) 6 8.13 (t, J = 8.8 Hz,
1H), 8.00 — 7.84 (m, 1H), 7.83 — 7.63 (m, 4H), 7.55 — 7.33 (m, 3H), 7.22 (dd, J = 5.5, 2.0 Hz, 3H),
7.08 (d, J =8.5 Hz, 2H), 7.03 - 6.85 (m, 7H), 4.11 — 3.82 (m, 2H), 3.64 — 3.37 (m, 1H), 2.95 (d, J
= 5.3 Hz, 1H), 2.00 (ddt, J = 18.6, 9.9, 4.6 Hz, 1H), 1.83 (s, 3H), 1.50 (dqg, J = 14.3, 7.4, 6.8 Hz,
1H), 1.40 — 1.20 (m, 2H), 1.12 (s, 3H), 0.85 (s, 3H); 3C NMR (75 MHz, CDCl3) § 158.71 (d, J =
14.0 Hz), 155.41, 147.92, 137.97 (d, J = 3.3 Hz), 136.63, 136.40 (d, J = 4.1 Hz), 135.83, 135.62
(d, J=6.3 Hz), 134.66, 129.96 (d, J = 6.1 Hz), 129.31 (dd, J = 20.1, 8.2 Hz), 128.22 — 127.93 (m),
127.56 (d, J = 5.6 Hz), 127.05 — 126.62 (m), 125.99 (d, J = 17.3 Hz), 122.16, 119.60, 100.45,
98.88 (d, J=1.6 Hz), 55.58 (d, J = 2.9 Hz), 52.16 (d, J = 3.5 Hz), 48.27, 46.56, 44.86, 41.46 (d, J
= 2.7 Hz), 29.76, 26.53, 24.42, 21.64, 9.93; 3P NMR (122 MHz, CDCls) § 42.29; HRMS (ESI-
MS) [M+H]*: found 599.2595; calculated for C31H3s04P: 599.2589.

2,3-Diphenyl camphor (1-(4-isobutyphenyl)ethyl)phosphonate 2bk:

0%
.o/P
Ph
Ph
75% yield, white solid, R = 0.38 (PE/EA= 5:1), []?55 = 102.8° (¢ = 1.00 in CHCls); *H NMR (300
MHz, CDCl3) § 7.39 — 7.17 (m, 10H), 6.85 — 6.59 (m, 4H), 3.05 — 2.81 (m, 2H), 2.26 (d, J = 7.1 Hz,
2H), 2.11 — 1.96 (m, 1H), 1.77 (s, 3H), 1.74 — 1.62 (m, 4H), 1.51 (dq, J = 14.2, 7.3, 6.8 Hz, 1H),
1.40 — 1.24 (m, 2H), 1.13 (s, 3H), 0.89 (s, 3H), 0.78 (dd, J = 6.6, 1.7 Hz, 6H); 3C NMR (75 MHz,
CDCls) § 140.11 (d, J = 3.2 Hz), 138.28 (d, J = 3.2 Hz), 136.99 (d, J = 4.2 Hz), 134.18 (d, J = 7.4
Hz), 130.45 (d, J = 43.8 Hz), 128.92 (d, J = 2.5 Hz), 128.28, 128.12, 128.02 (d, J = 1.9 Hz), 127.56,
126.37, 100.07, 98.69 (d, J = 1.6 Hz), 55.61 (d, J = 2.8 Hz), 52.24 (d, J = 3.4 Hz), 48.24, 44.96,
40.33, 38.66, 30.40 — 28.81 (M), 26.49, 24.37, 22.41 (d, J = 1.9 Hz), 21.48, 16.78 (d, J = 5.3 Hz),
9.95; 31 NMR (122 MHz, CDCl3) & 43.77; HRMS (ESI-MS) [M+H]*: found 528.2795;

calculated for C3;H3s04P: 528.2793.

2,3-Diphenyl camphor (1-(4-methoxynaphthyl)ethyl)phosphonate 2bl:

OMe
g I
o.u
_P

Ph
Ph
73% yield, white solid, R¢ = 0.38 (PE/EA= 3:1), [a]%p = 87.3° (¢ = 1.00 in CHCls); *H NMR (300
MHz, CDCls) § 7.52 — 7.21 (m, 12H), 7.14 — 6.85 (m, 4H), 3.80 (s, 3H), 3.07 (dt, J = 17.8, 7.1 Hz,
1H), 2.95 (d, J = 5.3 Hz, 1H), 2.02 (m, 1H), 1.85— 1.69 (m, 3H), 1.56 — 1.29 (m, 3H), 1.26 (s, 3H),
1.12 (s, 3H), 0.90 (s, 3H); 3C NMR (75 MHz, CDCls) 5 157.41 (d, J = 1.3 Hz), 138.43 (d, J = 3.2
Hz), 136.99 (d, J = 4.2 Hz), 133.43 (d, J = 2.2 Hz), 132.07 (d, J = 7.7 Hz), 130.51 (d, J = 48.2 Hz),
129.17 (d, J = 1.3 Hz), 128.58 (d, J = 2.5 Hz), 128.31, 128.07, 127.68, 127.44 (d, J = 8.6 Hz), 126.85
— 126.58 (m), 126.42, 118.52, 105.27 (d, J = 1.4 Hz), 100.19, 98.69 (d, J = 1.5 Hz), 55.66 (d, J =

2.9 Hz), 55.23, 52.29 (d, J = 3.4 Hz), 48.26, 40.63, 38.95, 29.75, 26.45, 24.30, 21.49, 16.76 (d, J =
1
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5.3 Hz), 9.95; 31p NMR (122 MHz, CDCls) 6 43.33; HRMS (ESI-MS) [M+H]*: found 552.2431;
calculated for C3;H3s04P: 552.2429.

(1-phenylethyl)phosphonic acid 3a:

Ho\(lp?
HO”

99% yield, white solid, m.p. = 70-76 °C, Rf = 0.26 (PE/EA=0:1), [a]*>> = 4.8° (¢ = 1.00 in CHCl5);
'H NMR (300 MHz, CDCls) 6 9.82 (s, 1H), 7.24 (d, J = 8.8 Hz, 2H), 3.16 — 2.76 (m, OH), 1.39 (dd,
J=18.8,7.2 Hz, 1H); **C NMR (75 MHz, CDCls) 5 137.33 (d, J = 6.9 Hz), 128.71 (d, J = 5.8 Hz),
128.40, 127.11, 38.49, 36.63, 14.86; 3P NMR (122 MHz, CDCls): & =34.05; HRMS (ESI-MS)
[M+H]*: found 186.0446; calculated for CgH1103P: 186.0446.

Chiral HPLC: The enantiomeric excess was determined by HPLC on Chiralpak OJ-RH column
after esterification with TMSCH:2N>, Water/Acetonitrile = 80/20, flow rate = 1.0 mL/min, A = 220
nm.

RAC-3a
=3 DADI F, Sipg=220, 4 Ref=360, 100 (OJ-RH-80-20 RAC)
|
|
\
N
||
—
- > - |I‘.‘H - - T - T
Retention Time (min) Relative Area (%)
Peak 1 16.064 49.012
Peak 2 17.718 50.988
Chiral-3a

i g




Retention Time (min) Relative Area (%)

Peak 1 15.914 1.585

Peak 2 17.514 98.415

469

470  (1-phenylethyl)phosphonic acid 4a:

Meo\ﬁ Ph
MeO~ \‘/
471

472  99% yield, white solid, Rt = 0.36 (PE/EA=0:1), *H NMR (300 MHz, CDCls) § 7.42 — 7.22 (m, 5H),
473  3.69 (d, J = 10.6 Hz, 3H), 3.53 (d, J = 10.5 Hz, 3H), 3.22 (dq, J = 22.4, 7.4 Hz, 1H), 1.59 (dd, J =
474  18.6, 7.4 Hz, 3H); 3C NMR (75 MHz, CDCls) 8 137.65 (d, J = 7.0 Hz), 128.78 — 128.40 (m), 127.21
475  (d,J=3.3Hz),53.33(d,J = 7.0 Hz), 52.84 (d, J = 7.3 Hz), 38.97, 37.15, 15.56 (d, J = 5.2 Hz); 3!P
476  NMR (122 MHz, CDCls): 6 =32.16; HRMS (ESI-MS) [M+H]*: found 214.0756; calculated for
477  CgH1103P: 214.0759.

478

479  X-ray crystal structure of 2aa

480

481 Crystal data for compound 2aa
Identification code 2aa
Empirical formula CsoH3303P
Formula weight 472.53
Temperature/K 179.99(10)
Crystal system monoclinic
Space group P2,

alA 10.97433(16)

1



b/A 0.78846(14)

c/A 11.7517(2)

a/° 90

/e 102.0231(16)

v/° 90

Volume/A3 1234.69(3)

z 2

Peaicg/cm?® 1.271

wmm? 1.217

F(000) 504.0

Crystal size/mm? 0.14x0.13x0.11

Radiation CuKo (A=1.54184)

20 range for data collection/° 7.692 to 146.96

Index ranges -13<h<12,-12<k<12,-14<1<12
Reflections collected 7634

Independent reflections 4546 [Rint = 0.0209, Rsigma = 0.0303]
Data/restraints/parameters 4546/1/311

Goodness-of-fit on F? 1.080

Final R indexes [[>=2c (I)] R: =0.0301, wR> = 0.0786

Final R indexes [all data] R1=0.0307, wR2 = 0.0790

Largest diff. peak/hole / e A3 0.15/-0.28

Flack/Hooft parameter 0.025(10)/0.023(9)

1
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DFT calculation

All calculations were carried out with the density functional theory (DFT) at the M06-2X
level [1] of theory using Gaussian 16 series of programs [2]. The def2-SV basis set was used
for all the atoms. The gas-phase geometries of all intermediates and transition states were fully
optimized without any symmetry restriction, following harmonic frequency calculations to
ensure that the local minima had zero imaginary frequencies and the transition state one and to
derive the thermal corrections for Gibbs free energies. The transition states had been verified
by intrinsic reaction coordinate (IRC) calculation and imaginary vibration modes, which linked
reactants and products. Double hybrid functional (B2PLYP method) [3], which could give more
accurate energetic information, was used to calculate single point energies with def2-TZVPP
basis set. Gibbs free energies of all stationary points were obtained by the thermal correction to

Gibbs free energy in gas phase and single point energy in gas phase.
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Supplementary Table 1. Gibbs free energies of all stationary points
Geometry E(gas-s2rLyp) G(corr-mos2x) ) T=0) AGE]
(Hartree) (Hartree) (kcal/mol)
2aa-R-front-reac -2026.95218565100 0.499028 - 0.0
2aa-R-front-TS -2026.94497415150 0.499980 -437.54 5.1
2aa-R-front-prod  -2027.01999207280 0.505861 - -38.4
2aa-R-back-reac -2026.95264002040 0.499799 - 0.0
2aa-R-back-TS -2026.93311744560 0.502254 -445.16 13.78
2aa-R-back-prod -2027.01440687890 0.507926 - -33.64
2aa-S-front-reac -2026.94130891500 0.499994 - 0.0
2aa-S-front-TS -2026.93358206540 0.502438 -443.68 6.4
2aa-S-front-prod -2027.00926694740 0.506250 - -38.7
2aa-S-back-reac -2026.96484110940 0.498696 - 0.0
2aa-S-back-TS -2026.95317654780 0.499763 -458.03 7.98
2aa-S-back-prod -2027.04060291320 0.505468 - -43.27

[a] 2aa-R-front-reac, 2aa-R-back-reac, 2aa-S-front-reac and 2aa-S-back-reac have the same 2D

structures and different 3D geometries. [b] The electronic energy calculated by B2PLYP in gas

phase. [c] The thermal correction to Gibbs free energy calculated by M062X in gas phase. [d] The

MO062X calculated imaginary frequencies for the transition states. [e] AG = [Gcor-Mos2x) + E(gas-

s2rLyp)] (Sum of electronic and thermal free energies for transition state) - [G(corr-mos2x) + E(gas-B2prLYP)]

(Sum of electronic and thermal free energies for reactant) or AG = [Gcorr-mos2x) + E(gas-2pLYR)] (SUM

of electronic and thermal free energies for product) - [Gcorr-mos2x) + E(gas-82pLYP)] (SUm of electronic

and thermal free energies for reactant)
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