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1.1 General Information

The reactions were conducted normally under an atmosphere of nitrogen using typical
vacuum-line techniques unless otherwise noted. The analysis by thin layer chromatography
(TLC) was performed using F254 pre-coated silica gel plate. Visualization of the spots on
TLC was carried out with UV radiation (256 and 365 nm). Column chromatography was
performed with silica gel (300-400 mesh). Petroleum ether used (B.P. = 60-90 °C). HRMS
was recorded on Bruker Apex IV FTMS. Diastereomeric and enantiomeric ratios were
determined by chiral HPLC on Shimadzu LC-20A apparatus with Chiralpak AS-H, OD-H,
AD-H and IF. 'H-NMR spectra were recorded on Buruker Avance 400 and Varian Mercury
400. Chemical shifts were reported in ppm downfield from tetramethylsilane (CDCls, & =
7.26). The following abbreviations are used, b: broad, d: doublet, dd: doublet of doublet, m:
multiplet, p: pentet q: quartet, s: singlet, t: triplet. The *C-NMR were recorded on a Varian
Mercury 400 (100 MHz) with complete proton decoupling. Samples were run in CDCl; and
are referenced to CDCl; as an internal standard at 77.0 ppm. The reagents in liquid state were
used after direct distillation or distillation under reduced pressure. The reagents in solid state
were used as supplied or after crystallization. Dry solvents were treated following routine

method and via syringe into the reaction vessels though a rubber septum.
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1.2 Phosphoalkoxylation of Enones

1.2.1 General Procedure

THF was added to the solid mixture of ketone (0.2 mmol) and acid (0.21 mmol, 1.01 Equiv.)
and stirred for five minutes. NBS (0.4 mmol, 2 Equiv.) was added slowly (0.5 equiv.) as
solution in THF (0.2 mL) at room temperature after each five hours and stirred for 24 h at
room temperature under argon. The solvent was then removed under reduce pressure and
residue was purified by flash column chromatography (EtoOAc : n-hexane; (1:10, V/V, 100
mL), (1:5, V/V 100 mL), (1:3, V/V, 200 mL) to yield the corresponding product.

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-binaphthyl-2,2'-diyl phosphate (2a).
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Organic phosphate R/S-3a was used as Bronsted acid, mixture of four isomers (RRR-2a, RSS-
2a, SSS-2a and SRR-2a); clear oil; "H NMR (400 MHz, CDCl): oy = 1.43-1.47 (m, 2H),
1.53-1.60 (m, 2H), 3.31-3.34 (m, 2H), 4.00-4.22 (m, 2H), 4.89 and 4.90 (two d, J = 9.8 Hz,
total 1H), 5.11 and 5.12 (both d, J = 9.8 Hz, total 1H), 7.26-7.46 (m, 14H), 7.54-7.56 (m, 2H),
7.91-8.03 (m, 6H); °C NMR (125 MHz, CDCly): dc = 25.3, 27.0, 47.5, 69.1, 82.0, 120.2,
120.6, 121.2, 125.8, 126.7, 127.2, 128.1, 128.4, 128.9, 131.0, 131.4, 131.8, 132.2, 133.6,
135.4, 139.1, 146.5, 147.5, 193.2; *'P NMR (CDCls): dp = 2.80. HRMS (ESI-TOF) m/z: [M +
H]+ Calcd for [C39H33Br0(,P]+ 709.1178; Found 709.1184. Four isomers were recognized by
HPLC on Chiralpak IF (n-hexane/iso-propanol = 75/25, V/V, 1.0 mL min ', 254 nm), #; =
12.36 min, £, = 13.5 min, 3 = 14.6 min, #; = 21.5 min.
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suhail sample #3 [modified by Admisishalid 1 TR

B
Peakname HetTime  Ares  Amount Type  Height  Rel.Area Resolution

min mAlLFmia mAL

2366 167682 na  BM 38050 .59 160
2 n-ln 16 6063 LE L] T E06 %633 147
3 na 14616 148172 na ME JIFH 2343 B8
4 _na 21543 148770 na __BMB 12.060 23.59 n.a

Total: E3.0687 00000 120,151 10000 1

Fig. S1. HPLC spectra of RRR-2a, RSS-2a, SSS-2a and SRR-2a

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-binaphthyl-2,2'-diyl phosphate (2a).

RRR-2a RSS-2a

Enantiopure organic phosphate R-3a was used as Bronsted acid, mixture of two
diastereomers (RRR-2a and RSS-2a); clear oil; mp 76-77 °C; "H NMR (400 MHz, CDCl;): 6y
=1.39-1.49 (m, 2H), 1.54-1.62 (m, 2H), 3.27-3.37 (m, 2H), 4.08-4.24 (m, 2H), 4.88 and 4.99
(both d, J = 9.8 Hz, total 1H), 5.11 and 5.12 (both d, J = 9.8 Hz, 1H), 7.24-7.67 (m, 16H),
7.90-8.03 (m, 6H); °C NMR (125 MHz, CDCly): dc = 25.2, 26.9, 47.4, 69.1, 69.4, 82.0,
120.2, 120.6, 121.4, 125.8, 126.7, 127.2, 128.1, 128.4, 128.9, 131.0, 131.5, 132.3,133.6,
135.4, 138.2, 146.3, 147.4, 193.3; *'P NMR (CDCl;): dp = 2.83. Two diastereomers were
recognized by HPLC on Chiralpak IF (n-hexane/iso-propanol = 75/25, V/V, 1.0 mL min "',
254 nm), ¢; = 12.1 min, £, = 21.1 min.
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Fig. S2. HPLC spectra of RRR-2a and RSS-2a

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-binaphthyl-2,2'-diyl phosphate (2a).
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Enantiopure organic phosphate S-3a was used as Bronsted acid, mixture of two diastereomers
(SSS-2a, SRR-2a); clear oil; mp 76-77 °C; 'H NMR (400 MHz, CDCls): dy = 1.41-1.48 (m,
2H), 1.55-1.62 (m, 2H), 3.27-3.37 (m, 2H), 4.08-4.24 (m, 2H), 4.89 and 4.90 (both d, J = 9.8
Hz, total 1H), 5.11 and 5.12 (both d, J = 9.8 Hz, total 1H), 7.24-7.67 (m, 16H), 7.90-8.03 (m,
6H); °C NMR (125 MHz, CDCls): dc = 25.4,27.0, 47.5, 69.1, 69.4, 82.0, 120.2, 120.6, 121.2,
121.4, 125.7, 126.7, 127.0, 127.2, 128.1, 128.3, 128.7, 128.8, 138.2, 138.2, 146.2, 146.3,
147.3, 147.4, 125.8, 126.7, 127.2, 128.1, 128.4, 128.9, 131.0, 131.5, 132.3,133.6, 135.4,
138.2, 146.3, 147.4, 193.4; *'P NMR (CDCly): dp = 2.76. Two diastereomers were recognized
by HPLC on Chiralpak IF (n-hexane/iso-propanol = 75/25, V/V, 1.0 mL min', 254 nm), ¢, =
13.1 min, & = 14.2 min.
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A ] C [ E ¥ c [ 1 1 3 L [ ]
Ne. Peakname Ret.Time Area Amoumt Type Height  Hel.Area Hesclutio
min mALFmin mAll %
1 na 13973 7Bes¥ na =0 163,876 4342 1.3

2__na 14230 807177 na _ ME* 155022 50.53 na
Total: 159.5714 00000 324 897 10000 1

Fig. S3. HPLC spectra of SSS-2a, SRR-2a

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-dibutyl phosphate (2b).

Organic phosphate 3b was used as Bronsted acid, one diastereomer, clear oil; "H NMR (400
MHz, CDCls): 0y = 0.91 (t, J = 7.3, 6H), 1.34-1.40 (m, 4H), 1.44 1.47 (m, 4H), 1.49-1.63 (m,
4H), 3.31-3.37 (m, 2H), 3.85-3.90 (m, 2H), 3.94-3.99 (m, 4H), 4.90 (d, J = 9.9 Hz, 1H), 5.10
(d, J=9.9 Hz, 1H), 7.36-7.52 (m, 7H), 7.61 (t, J = 7.3, 1H); 8.03 (d, J = 7.4, 2H); °C NMR
(125 MHz, CDCls): dc = 13.5, 18.6, 25.6, 26.8, 32.2, 32.3, 47.5, 67.0, 67.2, 67.3, 69.2, 81.9,
128.1, 128.3, 128.7, 133.6, 135.5, 138.2, 193.2. *'P NMR (CDCl;): 5p = —3.03.

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-dibenzyl phosphate (2c).

0._.0
@\/O/P\\o \/\/\O ?
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Organic phosphate 3¢ was used as Bronsted acid, one diastereomer, clear oil; '"H NMR (400

MHz, CDCls): oy = 1.36-1.45 (m, 4H), 3.26-3.30 (m, 2H), 3.81-3.86 (m, 2H), 4.88 (d, /=9.8

Hz, 1H), 4.95 and 4.97 (both s, total 4H), 5.09 (d, J = 9.8 Hz, 1H), 7.30-7.49 (m, 17H), 7.56-
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7.60 (m, 1H), 8.03 (d, J = 8.1, 2H); *C NMR (125 MHz, CDCLs): 6¢ = 25.4, 26.7, 47.5, 69.0,
69.1, 69.2, 81.9, 127.8, 128.1, 128.3, 128.4, 128.5, 128.7, 133.6, 135.4, 135.8, 138.2, 193.2.
3P NMR (CDCL): dp =—0.92.

4-(2-Bromo-3-oxo0-1,3-diphenylpropoxy)butyl-1,1'-diphenyl phosphate (2d).

s,

o Y
Organic phosphate 3d was used as Bronsted acid, one diastereomer, clear oil; "H NMR (400
MHz, CDCl3): oy = 1.41-1.44 (m, 2H), 1.50-1.57 (m, 2H), 3.28-3.33 (m, 2H), 4.07-4.12 (m,
2H), 4.89 (d, /= 9.8 Hz, 1H), 5.10 (d, /=9.8 Hz, 1H), 7.16 (d, J=7.7, 5H), 7.29 (t, J= 7.7,
4H), 7.37-7.49 (m, 8H), 7.58 (t, J = 7.5, 1H); 8.02 (d, J = 8.1, 2H); "*C NMR (125 MHz,

CDChL): oc = 25.4, 26.8, 47.5, 68.9, 69.1, 82.03, 120.0, 125.2, 128.1, 128.3, 128.7, 128.8,
129.7, 133.7, 135.4, 138.2, 150.5, 150.6, 193.2; *'P NMR (CDCl;): Jp =—11.96.

4-(2-Bromo-3-oxo-1,3-diphenylpropoxy)butyl-1,1'-2,2-dimethyl-3-phenylpropyl phosphate
(2e).

Enantiopure organic phosphate R-3e was used as Bronsted acid, mixture of two diastereomers
(RRR-2e, RSS-2e); clear oil; "H NMR (400 MHz, CDCls): oy = 0.75 (s, 3H), 1.02 (s, 3H),
1.46-1.49 (m, 2H), 1.55-1.58 (m, 2H), 3.33-3.36 (m, 2H), 3.80-4.00 (m, 3H) 4.13 (d, /= 10.9,
1H), 4.90 and 4.91 (both d, J = 9.8, total 1H), 5.08-5.12 (m, 2H), 7.25-7.52 (m, 12H), 7.57-
7.62 (m, 1H), 8.02 (d, J= 7.5, 2H); *C NMR (125 MHz, CDCls): ¢ = 17.0, 20.9, 25.6, 26.1,
36.0, 47.5, 47.5, 67.1, 69.2, 78.5, 82.0, 87.8, 87.9, 127.3, 127.8, 128.1, 128.3, 128.5, 128.7,
128.8, 133.6, 135.5, 138.1, 193.3; *'P NMR (CDCl;): dp = —7.30.
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4-(2-Bromo-3-(4-methoxyphenyl)-3-oxo-1-phenylpropoxy)butyl-1,1'-binaphthyl-2,2'-diyl
phosphate (2h).
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Organic phosphate R/S-3a was used as Brensted acid, mixture of four isomers (RRR-2h, RSS-
2h, §§S5-2h and SRR-2h); clear oil; 'H NMR (400MHz, CDCl3): dy = 1.42-1.47 (m, 2H),
1.54-1.61 (m, 2H), 3.27-3.37 (m, 2H), 3.81-3.82 (both s, total 3H), 4.08-4.25 (m, 2H), 4.89
(both d, J= 9.8 Hz, total 1H), 5.09 and 5.10 (both d, J = 9.8 Hz, total 1H), 6.90-6.94 (m, 2H)
7.24-7.49 (m, 12H), 7.55 (dd, 1.7, 8.8 Hz, 1H), 7.90-8.03 (m, 6H); °C NMR (125 MHz, CDCl;): dc
=25.2,27.0, 47.4, 552, 69.1, 69.5, 82.1, 114.0, 120.2, 120.6, 120.7, 121.2, 121.4, 125.7, 126.7,
127.0, 127.1,128.1, 128.2, 128.3, 128.4, 128.5, 128.7,128.8, 130.8, 131.0, 131.1, 131.4, 131.6,
131.8, 132.2, 138.4, 146.3, 147.4,164.1, 192.0; *'P NMR (CDCl3): dp = 2.85. HRMS (ESI-
TOF) m/z: [M + H]" Calcd for C4H3sBrO-P 739.1283; Found 739.1288. Four isomers were
recognized by HPLC on Chiralpak IF (n-hexane/iso-propanol = 88/212, V/V, 1.0 mL min ',
254 nm), t; = 50.0 min, £, = 51.9 min, 3 = 66.3 min, ¢4 = 81.1 min.
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Fig. S4. HPLC spectra of RRR-2h, RSS-2h, SSS-2h and SRR-2h

4-(2-Bromo1-(4-chlorophenyl)-3-oxo-3-phenylpropoxy)butyl-1,1'-binaphthyl-2,2"-diyl
phosphate (2)).
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Organic phosphate R/S-3a was used as Bronsted acid, mixture of four isomers (RRR-2j, RSS-
2j, SSS-2j and SRR-2j); clear oil; "H NMR (400 MHz, CDCls): oy = 1.41-1.50 (m, 2H), 1.52-
1.62 (m, 2H), 3.25-3.37 (m, 2H), 4.08-4.25 (m, 2H), 4.87 and 4.88 (both d, J = 9.8 Hz, total
1H), 5.05 and 5.06 (both d, J = 9.8 Hz, total 1H), 7.24-7.58 (m, 16H), 7.90-8.03 (m, 6H); °C
NMR (125 MHz, CDCl3): éc = 25.3, 27.01, 47.2, 69.3, 69.4, 81.3, 125.8, 126.7, 127.0, 127.1,
128.4, 128.5, 128.6, 128.7, 128.8, 129.4, 131.0, 131.4,131.5, 131.9,132.2, 133.7, 134.5, 135.2,
136.8,146.3, 147.4, 193.0; *'P NMR (CDCL): dp = 3.03. HRMS (ESI-TOF) m/z: [M + H]"
Calcd for C39H3,BrCIOg¢P 743.0788; Found 743.0791. Four isomers were recognized by
HPLC on Chiralpak IF (n-hexane/iso-propanol = 88/12, V/V, 1.0 mL min !, 254 nm), t; =

29.0 min, #, = 33.0 min, 3 = 35.8 min, #; = 71.7 min.

sehuail sample B0 [modsind by Admisistulod 843 v s 3

Na. Peakname RetTime  Area Ameunt
min mﬂlfm in

4 _ns T1.771 200606 na__BmB 7,336 2416 na




Fig. S5. HPLC spectra of RRR-2j, RSS-2j, SSS-2j and SRR-2j

4-(2-Bromo-1-(4-bromophenyl)-3-oxo-3-phenylpropoxy)butyl-1,1'-binaphthyl-2,2'-diyl
phosphate (2k).
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Enantiopure organic phosphate R-3a was used as Bronsted acid, mixture of two
diastereomers (SSS-2k and SRR-2K); clear oil; "H NMR (400 MHz, CDCl3) 6 = 1.45-1.51 (m,
2H), 1.55-1.63 (m, 2H), 3.26-3.39 (m, 2H), 4.11-4.27 (m, 2H), 4.87 and 4.88 (both d, J = 9.8
Hz, total 1H), 5.06 and 5.08 (both d, /= 9.8 Hz, total 1H), 7.25-7.59 (m, 15H), 7.92-7.95 (m,
6H); °C NMR (125 MHz, CDCly): 6 = 25.3, 27.0, 47.2, 69.4, 81.4, 120.1, 120.2, 120.6,
121.2, 121.4, 122.7, 125.8, 126.7, 126.8, 127.0, 127.2, 128.4, 128.5, 128.7, 128.8, 129.8,
131.0, 131.4, 131.5, 131.6, 131.8, 133.7, 135.2, 137.3, 192.9; *'P NMR (CDCl3): 6 = 2.78.
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C39H3,BrO¢P 787.0283; Found 787.0279. Two
diastereomers were recognized by HPLC on Chiralpak IF (n-hexane/iso-propanol = 88/212,
V/V, 1.0 mL min ™', 254 nm), #; = 23.9 min, ¢, = 56.7 min.

whail samgle #14 medified by Administrabei] il v vis_3
mAl WILZE0 e

1. 23038

ReLTime  Area Amount Type Huight
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min _ mAU”min

1 na 239% 23%10 na. DMB*  251.059 _n ¥ 132
2 _na 56700220 4321 na  BMB' 99637 43,61 na
[ Total: a5 0.0000 H9E% 10000 1

Fig. S6. HPLC spectra of SSS-2k and SRR-2k
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4-(2-Bromo-3-(4-chlorophenyl)-3-oxo-1-phenylpropoxy)butyl-1,1'"-binaphthyl-2,2"-diyl
phosphate (2).
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Enantiopure organic phosphate S-3a was used as Bronsted acid, mixture of two diastereomers
(SSS-21 and SRR-2l); clear oil; 'H NMR (400 MHz, CDCls): oy = 1.42-1.50 (m, 2H), 1.55-
1.63 (m, 2H), 3.27-3.37 (m, 2H), 4.08-4.26 (m, 2H), 4.87 and 4.88 (both d, J=9.8 Hz, total
1H), 5.04 and 5.06 (both d, J = 9.8 Hz, total 1H), 7.23-7.48 (m, 14H), 7.54-7.57 (m, 1H),
7.90-8.02 (m, 6H); °C NMR (125 MHz, CDCly): dc = 25.3, 27.1, 47.3, 69.1, 69.5, 81.9,
120.2, 120.6, 121.2, 125.8, 126.7, 127.0, 127.2, 128.1, 128.6, 128.9, 129.2, 130.2, 131.0,
131.4, 131.6, 131.8, 132.3, 133.7, 138.0, 140.2, 146.4, 147.4, 192.0; >'P NMR (CDCls): dp =
2.79. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C39H3,BrCIO4P 743.0788; Found 743.0791.
Two diastereomers were recognized by HPLC on Chiralpak 1IF (n-hexane/iso-propanol =

88/212, V/V, 1.0 mL min ', 254 nm), ¢; = 25.8 min, £, = 32.7 min.

L]
WAL B0 nm

B - -
Peakname Rel.Time  Area Amount Type
mAL mia
B 0152

Fig. S7. HPLC spectra of SSS-2| and SRR-2|
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4-(2-Bromo-1,3-bis(4-chlorophenyl)-3-oxopropoxy)butyl-1,1'-binaphthyl 2,2'diyl
phosphate (2m).
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Organic phosphate R/S-3a was used as Bronsted acid, mixture of four isomers (RRR-2m,
RSS-2m, S§S-2m and SRR-2m); clear oil; 'H NMR (400 MHz, CDCl3): oy = 1.34-1.43 (m,
2H), 1.47-1.55 (m, 2H), 3.18-3.28 (m, 2H), 4.03-4.16 (m, 2H), 4.77 and 4.78 (both d, /=9.8
Hz, total 1H), 4.90 and 4.92 (both d, J=9.8 Hz, total 1H), 7.16-7.49 (m, 14H) 7.84-7.95 (m,
6H); °C NMR (125 MHz, CDCls): c = 25.4,27.1, 47.0, 69.3, 69.4, 81.2, 120.1, 120.6, 121.2,
121.3, 121.4, 125.8, 126.8, 127.0, 127.2, 128.4, 128.5,128.6, 129.1, 129.2, 129.4, 130.1,
131.0, 131.4, 131.6, 131.8, 132.2, 133.5, 134.7, 136.6, 140.4, 146.3, 147.4, 191.7; *'P NMR
(CDCl3) dp = 2.86. HRMS (ESI-TOF) m/z: [M + H]" Caled for C30H3 BrC1,O6P 777.0398;
Found 777.0391. Four isomers were recognized by HPLC on Chiralpak IF (n-hexane/iso-
propanol = 88/212, V/V, 1.0 mL min ', 254 nm), ¢; = 26.0 min, £, = 28.4 min, 3 = 31.9 min,

t4 = 46.3 min.

Peakname  Retlime Area  Amount  Type  Height
min  mALFmin

1 na X006 B80S0 na  BMT 71488 286 1.54

2 na B3 BENS na. M= N inn 1.9

k] na N7 817958 na MB* 67,904 74T 637

4 na 4631 510627 na__ BMB 0053 1715 na
Total: 2977146 0.0000 261,206 100,90




Fig. S8. HPLC spectra of RRR-2m, RSS-2m, SSS-2m and SRR-2m

4-(2-bromo-1-(4-isopropylphenyl)-3-(4-nitrophenyl)-3-oxopropoxy)butyl-1,1'-
binaphthyl-2,2'-diyl phosphate (20).

Enantiopure organic phosphate R-3a was used as Bronsted acid, mixture of two
diastereomers (RRR-20 and RSS-20); clear oil; "H NMR (400MHz, CDCl3) § = 1.26-1.28 (m,
6H), 1.44-1.52 (m, 2H), 1.57-1.64 (m, 2H), 2.90-2.97 (m, 1H), 3.31-3.36 (m, 2H), 4.11-4.28
(m, 2H), 4.86 (d, J=9.8 Hz, 1H), 5.05 and 5.08 (both d, J = 9.8 Hz, total 1H), 7.25-7.40 (m,
10H), 7.46-7.50 (m, 2H) , 7.53-7.57 (m, 1H) , 7.92-8.04 (m, 4H) , 8.12-8.14 (m, 2H) , 8.21-
8.27 (m, 2H); >C NMR (125 MHz, CDCls): § = 23.9, 25.3, 27.1, 33.9, 47.9, 69.2, 69.4, 81.8,
120.1, 120.5, 121.3, 123.8, 123.9, 125.8, 126.5, 126.8, 127.1,127.9, 128.4, 128.5, 131.0,
131.4, 132.5, 134.8, 140.0, 140.1, 146.2, 146.3, 147.2, 147.4, 149.7, 150.4, 192.0; *'P NMR
(CDCl3): 6 = 2.86. . HRMS (ESI-TOF) m/z: [M + H]" Calcd for C4;H33sBrNOgP 796.1498;
Found 796.1496. Two diastereomers were recognized by HPLC on Chiralpak 1F (n-
hexane/iso-propanol = 88/212, V/V, 1.0 mL min', 254 nm), ¢t; = 28.6 min, £, = 46.1 min.

SN samat B11 fmadified by Agmmistiater] raz v g3
w00 iR g

1. 28.068

RelArea Resolution
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|_Total: 63.9819 00000 45325 100,00 |

Fig. S9. HPLC spectra of RRR-20 and RSS-20
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4-(2-bromo-3-oxo-1-phenyl-3-(4-(trifluoromethyl)phenyl)propoxy)butyl-1,1'-binaphthyl-
2,2'-diyl phosphate (2p).

O. O\/\/\ OO
o O O. /O\/\/\ o o

\\
o ‘/'\)K‘\ oo x
CF3

RRR-2p RSS-2p

Enantiopure organic phosphate R-3a was used as Bronsted acid, mixture of two
diastereomers (RRR-2p and RSS-2p); clear oil; 'H NMR (400 MHz, CDCls): 6 = 1.46-1.53
(m, 2H), 1.57-1.65 (m, 2H), 3.30-3.42 (m, 2H), 4.10-4.28 (m, 2H), 4.92 (two d, J = 9.8 Hz,
total 1H), 5.10 and 5.11 ( both d, J = 9.8 Hz, total 1H), 7.25-7.60 (m, 14H), 7.74-7.83 (m,
1H), 7.92-8.04 (m, 4H) , 8.20 (d, J= 7.8 Hz, 1H), 8.29 (s, 1H); °*C NMR (125 MHz, CDCl;):
0=253,26.9, 47.6, 69.2, 69.4, 82.0, 120.1, 120.6, 125.5, 125.8, 126.7, 126.8, 127.0, 127.1,
128.1, 128.4, 129.5, 129.5, 129.9, 131.0, 131.5,131.6, 131.8, 132.3, 135.9, 137.8,146.3, 147 .4,
191.9; *'P NMR (CDCl;): 6 = 2.82. HRMS (ESI-TOF) m/z: [M + H]" Caled for
C4oH3,BrF;0¢P 777.1052; Found 777.1056. Two diastereomers were recognized by HPLC
on Chiralpak IF (n-hexane/iso-propanol = 88/212, V/V, 1.0 mL min', 254 nm), #; = 14.2 min,
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Fig. S10. HPLC spectra of RRR-2p and RSS-2p
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4-(2-bromo-3-oxo-1-phenyl-3-(4-(methyl)phenyl)propoxy)butyl-1,1'-binaphthyl-2,2'-diyl
phosphate (2q).

O. /O\/\/\ OO
o \\ O (0] O. /O\/\/\O 0
\
(OIS :
‘ ‘CH m
CHj

RRR-2q RSS-2q

Enantiopure organic phosphate R-3a was used as Breonsted acid, mixture of two
diastereomers (RRR-2q and RSS-2q)); clear oil; 'H NMR (400 MHz, CDCl3): § = 1.42-1.51
(m, 2H), 1.54-1.65 (m, 2H), 2.38 and 2.39 (both s, total 3H) 3.28-3.39 (m, 2H), 4.10-4.27 (m,
2H), 4.92 and 4.93 ( both d, J = 9.8 Hz, total 1H), 5.13 and 5.14 (both d, J = 9.8 Hz, total
1H), 7.24-7.59 (m, 14H), 7.92-7.96 (m, 1H), 7.99-8.04 (m, 6H); *C NMR (125 MHz,
CDCls): 6 =25.3,25.4,26.9,47.5, 69.1, 69.5, 82.0, 120.1,120.2, 120.6, 120.7, 121.2, 121.4,
125.8, 126.7,126.8, 127.0, 127.2, 128.1, 128.3, 128.4, 128.5, 128.7, 128.9, 129.5, 131.1,
131.4, 131.6, 131.8, 132.2, 132.3, 132.9, 138.3, 144.7, 146.2, 147.3, 192.8; *'P NMR
(CDCls): 6 = 2.77. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C4H3sBrOsP 723.1334;
Found 796.1330. Two diasterecomers were recognized by HPLC on Chiralpak 1F (n-
hexane/iso-propanol = 88/212, V/V, 1.0 mL min', 254 nm), t; = 32.2 min, £, = 55.1 min.
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Fig. S11. HPLC spectra of RRR-2g and RSS-2q
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1.3 Phosphoalkoxylation of Esters

3.2.1 General Procedure

Cyclic ether was added to the solid mixture of unsaturated carbonyl esters (0.2 mmol) and an
acid 3a (0.21 mmol, 1.01 Equiv.) and stirred for five minutes. NBS (0.4 mmol, 2 Equiv.) was
added slowly (0.5 equiv.) as solution in cyclic ether (0.2 mL) at room temperature after each
five hours and stirred at room temperature for 48 h. The solvent was then removed under
reduce pressure and residue was purified by flash column chromatography (EtoOAc : n-
hexane; (1:10, V/V, 100 mL), (1:5, V/V 100 mL), (1:3, V/V, 200 mL) to yield the

corresponding product.

Ethyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-phenylpropanoate (5a)

O. ,O\/\/\
O \\ O/P\\o 9 Q
: o™
Br

SSS-5a SRR-5a

Enantiopure organic phosphate S-3a was used as Breonsted acid, mixture of two diastereomers
(SSS-5a and SRR-5a); clear oil; '"H NMR (400 MHz, CDCls): dy = 1.18 (t, J = 7.8 Hz, 3H),
1.44-1.51 (m, 2H), 1.53-1.69 (m, 2H), 3.23-3.27 (m, 2H), 4.09-4.24 (m, 5H), 4.52 and 4.53
(both d, J = 10 Hz, total 1H), 7.17-7.42 (m, 12H), 7.51 (d, J = 8.8 1H) 7.85-7.96 (m, 4H); "*C
NMR (125 MHz, CDCL): dc = 18.9, 25.5, 27.1, 47.4, 62.0, 69.0, 69.5, 82.7, 120.1, 120.2,
120.6, 121.2, 121.4, 125.7, 126.7, 126.8, 127.0, 127.2, 128.0, 128.3, 128.4, 128.5, 128.8,
131.0, 131.1, 131.4, 131.6, 131.8, 132.2, 132.3, 137.3, 146.3, 147.4, 168.9; °'P NMR
(CDCls): dp = 2.79. HRMS (ESI-TOF) m/z: [M + H]" Caled for C3sH33BrO,P 677.1127;
Found 677.1129.
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Ethyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-(4
bromophenyl)propanoate (5b).

O~ |I \/O\/\/\
%o @M 0\\ M

SSS-5b SRR-5b

\

O
o’

Enantiopure S-(3a) was used as Brensted acid, mixture of two diastereomers (SSS-5b and
SRR-5b); clear oil; 'HNMR (400 MHz, CDCly): oy = 1.26 (t, J = 7.8 3H), 1.53-1.58 (m, 2H),
1.68-1.76 (m, 2H), 3.29-3.33 (m, 2H), 4.12 (d, J = 9.9 1H), 4.20-4.30 (m, 4H), 4.56 and 4.57
(both d, J = 9.9 Hz, total 1H), 7.19-7.50 (m, 12H), 7.58 (d, J = 8.8 1H) 7.94-8.05 (m, 4H);
PCNMR (125 MHz, CDCl;): dc 10.9, 25.5, 27.0, 47.2, 62.1, 69.2, 82.0, 120.1, 120.6, 121.3,
121.4, 1229, 125.8, 126.7, 126.8, 127.0, 127.2, 128.4, 128.5, 129.6, 131.0, 131.4, 131.6,
132.2, 132.3, 136.4, 146.2, 146.3, 147.3, 147.4, 168.6; °'P NMR (CDCLy): dp = 2.81. HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C35H3,Br,O;P 755.0232; Found 755.0251.

Methyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)-2-bromo-3-(4-chlorophenyl)propanoate
(5¢).

O. /O\/\/\o

O\/O\/\/\
O\\QM O“M

SSS-5¢ SRR-5¢

Enantiopure S-(3a) was used as Brensted acid, mixture of two diastereomers (SSS-5C and
SRR-5c); 'THNMR (400 MHz, CDCl3): 5y = 1.51-1.58 (m, 2H), 1.69-1.76 (m, 2H), 3.29-3.33
(m, 2H), 3.76 (s, 3H), 4.14 (d, J= 9.8 Hz, 1H), 4.22-4.33 (m, 2H), 4.58 and 4.59 (both d, J =
9.8 Hz, total 1H), 7.24-7.39 (m, 8H), 7.43-7.50 (m, 3H), 7.58 (d, J = 8.8 Hz, 1H), 7.93-7.99
(m, 2H), 8.01-8.03 (m, 2H); °C NMR (125 MHz, CDCly): 6 = 25.5, 27.1, 46.8, 53.0, 69.2,
69.4, 82.1, 120.2, 120.6, 121.2, 121.4, 125.8, 126.7, 126.8, 127.0, 127.2, 128.7, 129.3, 131.1,
131.5, 131.9, 132.3, 134.8, 135.8, 146.4, 147.4, 169.1; *'P NMR (CDCl3): § = 2.82. HRMS
(ESI-TOF) m/z: [M + H]+ Calcd for C34H3¢BrClO,P 697.0581; Found 697.0605.
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Tert-butyl 3-(4-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-
phenylpropanoate (5d)

\/O\/\/\ O\/\/\
:0\ @Mk 0\\ Ook

SSS-5d SRR-5d

Enantiopure S-(3a) was used as Bronsted acid, mixture of two diastereomers (SSS-5d and
SRR-5d); clear oil; 'H NMR (400 MHz, CDCl3): oy = 1.25 (s, 9H), 1.54-1.56 (m, 2H), 1.69-
1.73 (m, 2H), 3.31-3.32 (m, 2H), 4.13-4.15 (m, 1H), 4.22-4.35 (m, 2H), 4.59 (d, J = 10 Hz,
1H), 7.24-7.58 (m, 14H), 7.93-8.03 (m, 4H); °C NMR (125 MHz, CDCl3): ¢ = 21.6, 25.5,
27.3, 48.0, 65.7, 69.1, 69.9, 82.8, 120.1, 120.2, 120.6, 121.2, 121.4, 125.7, 126.7, 126.8,
127.0, 127.2, 128.0, 128.3, 128.4, 128.5, 128.8, 130.8, 131.1, 131.6, 131.8, 132.2, 132.3,
137.7, 146.4, 147.7, 168.4; *'P NMR (CDCls): dp = 2.89. HRMS (ESI-TOF) m/z: [M + H]"
Calcd for C36H3sBrO7P 689.1304; Found 689.1299.

Propyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-phenylpropanoate
(5e).

O:P<o\/\/\0 o O:P<O\/\/\Q o
O \O + O \O B
99 o o™
Br Br

SSS-5e SRR-5e

Enantiopure S-(3a) was used as Bronsted acid, mixture of two diastereomers (SSS-5e and
SRR-5¢); clear oil; 'H NMR (400 MHz, CDCl3): d = 0.90-0.99 (m, 2H), 1.55-1.56 (m, 2H),
1.63-1.74 (m, 2H), 3.30-3.34 (m, 2H), 4.13-4.21 (m, 3H), 4.25-4.32 (m, 2H), 4.59 and 4.60
(both d, J = 9.9 Hz, total 1H), ), 5.13-5.14 (m, 2H), 7.25-7.59 (m, 14H), 7.93-8.04 (m, 4H);
PC NMR (125 MHz, CDCLy): dc = 10.2, 19.3, 25.7, 27.1, 47.7, 65.5, 67.5, 69.2, 82.8, 120.1,
120.6, 121.2, 121.4, 125.7, 126.7, 127.0, 127.2, 128.0, 128.3, 128.4, 128.5, 128.8, 130.8,
131.1, 131.4, 131.6, 131.8, 1322, 132.3, 132.4, 137.7, 146.5, 147.5, 169.1; *'P NMR
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(CDCls): 6p = 2.84. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C3¢H3sBrOsP 689.1304;
Found 689.1299.

Benzyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-phenylpropanoate
(59

| O.,.0_~~ I I O. /0\/\/\
oy 0 o . RS o 9
o L
Br

SSS-5f SRR-5f

Enantiopure S-(3a) was used as Bronsted acid, mixture of two diastereomers (SSS-5f and
SRR-5f); clear oil; "H NMR (400 MHz, CDCls): dy 1.34-1.41 (m, 2H), 1.54-1.60 (m, 2H),
3.15-3.20 (m, 2H), 4.10-4.17 (m, 3H), 4.52 and 4.53 (both d, J = 10 Hz, total 1H), 5.13-5.14
(m, 2H), 7.16-7.40 (m, 17H), 7.50 (d, J = 8.8 1H) 7.83-7.95 (m, 4H); °C NMR (125 MHz,
CDCl3): ¢ =24.4,26.0,46.1, 66.5, 67.9, 68.5, 81.7, 119.3, 119.6, 120.8, 124.7, 125.7, 125.9,
126.1, 126.9, 127.2, 127.3, 127.4, 127.7, 127.8, 129.8, 130.0, 130.1, 130.4, 130.5, 130.8,
131.2, 131.4, 134.2, 136.2, 145.4, 146.4, 167.6; *'P NMR (CDCls): dp = 2.84. HRMS (ESI-
TOF) m/z: [M + H]" Calcd for C4oH35BrO-P 739.1283; Found 739.1302.

Methyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)butoxy)-2-bromo-3-phenylpropanoate
(58).

0.0 ] ! 0.0
SSS-5g SRR-5g

Enantiopure S-(3a) was used as Bronsted acid, mixture of two diastereomers (SSS-59 and
SRR-5g); clear oil; "H NMR (400 MHz, CDCl3) dy = 1.51-1.58 (m, 2H), 1.70-1.77 (m, 2H),
3.31-3.33 (m, 2H), 3.76-3.77 ( both s, total 3H), 4.18-4.30 (m, 3H), 4.59-4.60 ( both d, /=10
Hz, total 1H), 4.59 (d, J= 10 Hz, 1H), 7.25-7.39 (m, 9H), 7.42-7.49 (m, 4H), 7.59 (d, /= 8.8
Hz, 1H), 7.93-8.04 (m, 4H); °C NMR (125 MHz, CDCly): 6¢ = 25.5, 27.0, 47.1, 52.8, 69.0,
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69.5, 82.6, 120.1, 120.6, 121.3, 125.8, 126.7, 126.8, 127.0, 127.2, 127.9, 128.4, 128.5, 128.9,
131.0, 131.4, 131.7, 131.9, 132.3, 137.2, 146.4, 147.4, 169.4; °'P NMR (CDCly): dp = 2.81. .
HRMS (ESI-TOF) m/z: [M + H]" Calcd for C34H3BrO;P 663.0970; Found 663.1005.

Ethyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)pentyloxy)-2-bromo-3-phenylpropanoate
(5h).

+ o P\\ -
= O/ o
Br
SSS-5h SRR-5h

Enantiopure S-(3a) was used as Bronsted acid, mixture of two diastereomers (SSS-5h and
SRR-5h); 'THNMR (400 MHz, CDCl5): "H NMR (400 MHz, CDCls): 6y = 1.27-1.35 (m, 3H),
1.45-1.58 (m, 3H), 1.64-1.77 (m, 2H), 3.27-3.34 (m, 2H), 4.15-4.34 (m, 5H), 4.59 and 4.60
(both d, J = 10 Hz, total 1H), 7.29-7.39 (m, 12H), 7.44-7.50 (m, 1H), 7.93-8.04 (m, 3H); °C
NMR (125 MHz, CDCL): dc = 14.0, 19.1, 25.5, 27.1, 47.5, 62.0, 69.0, 69.5, 82.7, 120.1,
120.2, 120.6, 121.2, 121.4, 125.7, 126.7, 127.0, 127.2, 128.0, 128.3, 128.4, 128.5, 128.8,
131.1, 131.4, 131.6, 131.8, 132.2, 132.3, 137.3, 146.3, 147.4, 168.8; >'P NMR (CDCl3): dp =
2.83. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C35H33BrO5P, 677.1127; Found 677.1163.

Ethyl 3-(1,1'-binaphthyl-2,2'-diyl phosphoryloxy)pentyloxy)-2-bromo-3-phenylpropanoate
(50).

0.0 "0 o ! E 070 o
(o} \\ o \\ -
Br Br

SSS-5i SRR-5i

Enantiopure S-(3a) was used as Brensted acid, mixture of two diastereomers (SSS-5i and
SRR-5i); 'HNMR (400 MHz, CDCl3): "H NMR (400 MHz, CDCls): 6y = 1.71-1.75 (m, 2H),
3.32-3.35 (m, 2H), 3.76 and 3.77 (both s, total 3H), 4.18-4.30 (m, 3H), 4.59 and 4.61 (both d,
J=10 Hz, total 1H), 7.29-7.37 (m, 9H), 7.42-7.49 (m, 3H), 7.59 (d, J= 8.7 1H), 7.57-8.04 (m,

4H); C NMR (125 MHz, CDCls): dc = 25.4, 47.0, 52.9, 69.0, 69.5, 82.7, 120.1, 120.6, 121 4,
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125.8, 126.7, 126.8, 127.0, 127.2, 128.4, 128.9, 131.1, 132.2, 132.3, 137.2, 146.3, 147.5,
169.4; *'P NMR (CDCls): dp = 2.82.

2,3-dibromo-1,3-diphenylpropan-1-one

Br O

J 5 O

6

O,N

THF was added to the solid mixture of 4-NO; chalcone 2k (0.2 mmol) and 3a (0.21 mmol,
1.01 Equiv.) and stirred for five minutes. NBS (0.4 mmol, 2 Equiv.) was added slowly (0.5
equiv.) at room temperature after each five hours and stirred for 24 h at room temperature
under argon. The solvent was then removed under reduce pressure and residue was purified
by flash column chromatography (EtoOAc : n-hexane; (1:100, V/V) yielded 2,3-dibromo-1,3-
diphenylpropan-1-one 6. White solid "HNMR (400 MHz, CDCl;): '"H NMR (400 MHz,
CDCl3): 0y =5.69 (d, J=11.2 Hz, 1H), 5.77 (d, J = 11.2 Hz, 1H), 7.56 (t, J = 7.8 Hz, 2H),
7.66-7.71 (m, 3H), 8.09 (d, J = 7.6 Hz, 2H), 8.29 (d, J = 7.6 Hz, 2H); °C NMR (125 MHz,
CDCls): 6c =45.9,47.2,124.1, 128.9, 129.1, 129.4, 134.1, 134.4, 145.1, 148.1, 190.3.

Fig. S12. Single-crystal structure of 6

1.4  Effect of Different Halogen Reagents on the Phosphoalkoxylation

The addition of suitable electrophile was important to capture the resulting nucleophilic enol.

As shown below (Table S1), a series of suitable halogen reagent were screened.

Table S1. Effect of different halogen reagent on phosphoetherification®
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i I, Mo o
Ph/\)LPh +3a Op¢° o

X Reagent P
THF, rt 0 Yo Ph/\l)J\Ph
la OO 2 X
Ent. Halogen Reagent Yield (%)™
1 KBrO; (10 Equiv.) NR
2 KBrOs / KBr (10:5 Equiv.) NR
3 n-Bus;NBr3 NR
4 NIS Product was not stable
5 NCS trace
6  1,3-Dichloro-5,5-dimethylhydantoin 41
7  1,3-Dibromo-5,5-dimethylhydantoin 68
8" NBS 78

[a] Chalcone 1a (0.2 mmol) and 3a (0.21 mmol, 1.01 Equiv.) were mixed and stired in THF (2 mL) for
5 minutes followed by slow addition of halogen reagent (0.5 Equiv. after each 5 hours) at room
temperature and stirred for 24 h under argon, [b] Isolate yield, [c] Reactoin was performed with 0.1 M

of the substrate. Notes: NR, No reaction.

1.5 Effect of Mixed Co-Solvent on Phosphoalkoxylation

Reaction was also tested in different mixed co-solvent under optimized reaction conditions.
MeOH/THF (competition nucleophile) the yield of product was decreased without any
methanol-associated product. Chlorinated solvents were found more effective than other
regarding yields, CH;CN, DMSO and toluene produced desired product in very low yield
(Table S2, entries 1, 7, 8). DMF and chlorinated solvents were found more effective than
others and moderate yields were obtained (Table S2, entries 1, 7, 8). However Pure
THEF itself was found best and exhibited the best results regarding yield (Table S3, entry 9).
No conversion was observed when THF was replaced with Et,O (Table S2, entry 10).

Table S2. Effect of mixed co-solvent on phosphoalkoxylation

0 L, o o
PhMPh + 3a Opc? :

NBS, rt
Solvent

O/P\\O Ph/\l)J\Ph
. Sos
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Ent. Solvent Co-Solvent Ratio (mL) Yield (%)™

1 THF / CH,CI, CH,CI, 1:1 (2 mL) 39
2 THF / CCly 1:1 (2 mL) 32
3 THF / CHCl3 1:1 (2 mL) 26
4 THF / DMF 1:1 (2 mL) 33
5 THF / MeOH 1:1 (2 mL) 13
6 THF// CH3CN 1:1 (2 mL) 15
7 THF/ DMSO 1:1 (2 mL) 20
8 THF / Toluene 1:1 (2 mL) 12
9 THF 1:1 (2 mL) 59
10 Et,O 1:1 (2 mL) NR

[a] Chalcone 1a (0.2 mmol) and acid 3a (0.21 mmol, 1.01 Equiv.) were stirred in cosolvent, NBS (0.4
mmol, 2 Equiv.) was added in THF and stirred at room temperature for 24 h under argon, [b] Isolate

yield.

1.6 Effect of Concentration and Stoichiometric Amount of THF on

Phosphoalkoxylation

The reaction was briefly investigated in stoichiometric amount (0.1, 0.2 and 0.4 Equiv.) of
THF and very low yield of desired product was observed (Table S3, entries 1-3). Further
investigation showed that the reaction was also highly dependent on the concentration, in
which a higher reaction yield (86%) of the desired product was obtained when reaction was
conducted under concentrated (0.04 mol in 2 mL THF) conditions. (Table S3, entry 7). This
also favours the Bronsted acid catalysis mechanism because concentrated reaction is more

acidic than diluted.

Table S3. Effect of concentration and stoichiometric amount of THF on phosphoalkoxylation

i I, Mo o
Ph/\)J\Ph + 3a O-p° o

NBS, rt
Solvent o P\\o ph/\l)J\ph
. el
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Ent. Substrate Solvent Co-Solvent Yield

(mmol.) @mL) (@)™
1 0.2 16 uL CH,Cl, 5
2 0.2 32 L CH.Cl, 5
3 0.2 64 pL CH.Cl, 6
4 0.2 128 uyL  CH,Cl, 7
5 0.1 2mL 40
6 0.2 2mL 63
7 0.4 2mL 86

[a] Chalcone 1a (0.2 mmol) and acid 3a (0.21 mmol, 1.01 Equiv.) were stirred in THF, NBS (0.4 mmol,
2 Equiv.) was added in THF/cosolvent and stirred at room temperature for 24 h under argon, [b]

Isolate yield.

1.7 Effect of Temperature on the Phosphoalkoxylation

Conditions were also optimized regarding temperature, interestingly, low yields were
observed at both higher and lower temperatures (Table S4, entries 1-4); however, moderate

yield was obtained at room temperature.

Table S4. Effect of temperature on phosphoalkoxylation

i CL, Mo o
Ph/\)J\Ph + 3a Or° o

Temp. P
NBS, THF 0 Yo Ph/\l)kPh
la OO 2 X
Entry Temp. (°C) Yield (%)™
1 0 23
2 -25 10
3 -78 NR
4 65 24
5 rt 82

Enones 1a (0.2 mmol) and 3a (0.21 mmol) were added and stirred in THF followed by slow addition of
NBS (0.1 mmol, 0.5 Equiv.) after each five hours and stirred for 24 h at respective temperature under

argon. [b] Isolate yields of all possible isomers
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1.8 Structural Characterization of 2a

In 'H NMR, the appearance of twenty two protons in aromatic region confirmed the
attachment of BNPH. Four protons in aliphatic region at 1.39-1.62 ppm and a set of
multiplets, two protons each, at 3.31 and 4.16 respectively confirmed the ring opening of
THEF. Moreover, all analytical data of 2a, HRMS, HSQC COESY, NOESY and BC NMR
suggested the desired transformation. Profoundly, In 'H NMR the appearance of two sets of
doublets at 4.88-4.91 and 5.09-5.13 respectively with coupling constant of J= 9.8 Hz each
between the protons at C-1 and C-2 position suggested the product as mixture of two
diastereomers and assured anti-diastereoselectivity around the double bond (Fig. S13). The
appearance of some peaks as a pair in °C NMR also confirmed the product as a mixture of
diastereomers (Fig. S14). Further, the results on chiral high-performance liquid
chromatography (CHIRAL PAK IF) confirmed the product as a mixture of diastereomers
(Fig. S1). Each R-3a and S-3a produced two diasteromers (Fig. S2 and S3), while racemic 3a

produced four isomers (Fig. S1).

(|‘s.2’| 36 |62 [26)72 | 28]
[ es | [es | /
T T

N#WMW)%MWWMWW‘WH

Fig. S14. Magnified **C NMR spectrum (185-200 ppm) of 2a.
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1.9 Other Features of Phosphoalkoxylation

There are several features in this novel phosphoalkoxylation reaction which led us to design

the reaction mechanism (Table S6).

Table S5. The Effect of nucleophile and anion on the rate of the reaction®
Ent. | Nucleophile / Acid Solvent Product (R) | Yield (%)™

1 | NH,CH,CH,NH, THF NR
2 3aNa THF NR
3 3a THF / MeOH NR 10

®Enones 1a (0.2 mmol) and acid / nucleophile (0.21 mmol) were added and stirred in THF followed by
slow addition of NBS (0.1 mmol, 0.5 Equiv.) at room temperature after each five hours and stirred for

24 h under argon. "Isolate yields of all possible isomers.

1.9.1 Importance of Bronstated Acid

L j
o () e

OO 3aNa 1a
3a was added to the stirred suspension of NaH in THF (2 mL), and mixture was stirred at
room temperature for one hour. Chalcone 1a was added to the reaction mixture, followed by
the slow addition of NBS (0.5 Equiv.) after each 5 hours and stirred at room temperature for
24 hours. The reaction was monitored by TLC and interestingly, no conversion was observed.
Importantly, the colour of solution was gets changed to slight reddish brown and succinimide
was also separated even though there was no conversion.! These results confirmed the
activation of NBS but ruled out the formation of bromonium ion as an intermediate. It also
confirmed that acidic proton is not important for NBS activation while important for the
reaction and it could be the carbonyl activation for conjugate addition.

[1] U. Hennecke, C. H. M€uller, R. Fr€ohlich, Org. Lett. 2011, 13, 860-863
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1.9.2 Chiral matched/mismatched

2, e
O’P\\ ~"~"0 o O. ,O\/\/\O o
SO
o : ore o
;
0.0 | o, THE RRR-2a 265+234=49.9%  RSS2a
0" “oH :
¢ .

—
- L e
o:Pgo\/\/\o o O:P\COW\Q o)
oy SO NGT
07 0O T 0O
235

sss2a 283 26.3+23.6=49.9% SRR-2a

When racemic 3a was used, it produces four isomers of different ratios RRR, RSS (26.7 : 23.8)
and SSS, SRR (26.3 : 23.06). Importantly, when the retention time of these four isomers were
compared with the diastereomers obtained from enantiomerically pure 3a (Fig. S1, S2 and
S3), the results were of great importance. R enantiomer of 3a in a racemic mixture react in a
different manner with the transition state thus producing diastereomers of different ratios
(RSS and RRR 26.7 : 23.8) and vice versa. From these preliminarily results, it can be
concluded that the spectacular case of a matched/mismatched ion pairing interaction of
phosphate ion with diastereomeric transition may exist, resulting energetically different TS’s,

and thus produces different diastereomeric ratios.!**!

[2]J. Lacour, D. Linder, Science, 2007, 317, 462-463.
[3] S. E. Reisman, A. G. Doyle, E. N. Jacobsen, J. Am. Chem. Soc. 2008, 130, 7198-7199.
[4] C. Li, C. Wang, B. Villa-Marcos, J. Xiao, J. Am. Chem. Soc. 2008, 130, 14450-14451.

1.9.3 No reaction with ethane-1,2-diamine

I
N
HN A~ + tt, THF ><
1a

Second, the reaction was performed in the presence of ethane-1,2-diamine instead of BNPH,
no conversion was observed, also and ruled out the formation of bromonium ion as an

intermediate.

1.9.4 Competition Reaction (MeOH)

o :
,0
8: P + X rt, THF
OH NBS >< Br
1a 4
S27
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The use of equal amount of MeOH as a competition nucleophile with THF (co-solvent, Table
S3 entry 5). After 24 h, yield decreased and only 10% of the phosphate derived-adduct was
obtained, while no bromomethoxy product 4 was detected. It also confirms the dearth of

halonium ion. (S. Bar, Can. J. Chem. 2010, 88, 605-612.)

1.9.5 Radical Scavenger,

A 10 mol% 5 of radical scavenger, 2,6-di-ter-butyl-4-methylphenol (BHT), was added to the
reaction mixture under optimized conditions. After 24 hours 78% of the desired product was
obtained, which was identical to the reaction without the addition of BHT. Since
phosphoalkoxlation of a,3-unsaturated aromatic carbonyl compounds seemed not be a radical

type- reaction.

1.10 NMR Spectra
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"H NMR spectrum of RRR-2a, RSS-2a, §5S-2a and SRR-2a
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"H NMR spectrum of RRR-2a and RSS-2a
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"H NMR spectrum of SSS-2a, SRR-2a
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COESY spectrum of 2a
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NOESY spectrum of 2a
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"H NMR spectrum of RRR-2a, RSS-2a, §5S-2a and SRR-2a
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C NMR spectrum of RRR-2a and RSS-2a
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BC NMR spectrum of SSS-2a, SRR-2a
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HSQC spectrum of 2a
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3'P NMR spectrum of RRR-2a, RSS-2a, SSS-2a and SRR-2a
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*'P NMR spectrum of RRR-2a and RSS-2a

%

T

A
) =

-

2.8355

General

DATE = 2013/11/14
TIME = 17:05
INSTRUM = spect
PULPROG = 2g30

F1 (31P)

31 = 32768
SF = 161.976
SW_p = 64102.564

S39




3'P NMR spectrum SSS-2a, SRR-2a
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"H NMR spectrum of 2b
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3C NMR spectrum of 2b
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P NMR spectrum of 2b
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"H NMR spectrum of 2¢
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BC NMR spectrum of 2¢
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P NMR spectrum of 2¢
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"H NMR spectrum of 2d
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C NMR spectrum of 2d
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P NMR spectrum of 2d

E 1P31CPD CDCI3 {D\WMR400M 816} nmr 30
B General
g_ e
i - DATE = 2014/07/16
- a TINE = 20:23
. - INSTRUM = spect
4 1 PULPROG = zgpg30
2 I
= FL (31P)
4 SI = 32768
- 5F = 161.976
8- | Sup = 64102.564
ol
o’
it
o i -

S51

[ppm]




"H NMR spectrum of 2e
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P NMR spectrum of 2e
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"H NMR spectrum of 2h
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C NMR spectrum of 2h
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3P NMR spectrum of 2h
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"H NMR spectrum of 2j
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BC NMR spectrum of 2j
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3P NMR spectrum of 2j
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"H NMR spectrum of 2k
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C NMR spectrum of 2p
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C NMR spectrum of 2q
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General

= 2013/11/20

£88
:Equ
LJ._L_L_L&E‘"% !1) lrgp/qprms = zqg30

L2

PLOL'Y
oLy
6821'p —
8seL'y
aspL'y
b 104
a1 4
2Ly
06LL'Y
L961°Y
£sizy
oceT Y
6Zre’y
golsy
vzzsy
SISy
pvivSY

S9LIV' L

owﬂ.h#

FL (1H)

SI = 65536

SF =

400.13

SV p - 8012.821

g2

:

11

TeTE |

[ppm]

S80



C NMR spectrum of 5a

General

INSTRM = spect
PULPROG = zqpg30

DATE i@ 2013/11/21

LOW'LY —

§680°29 —

P160'69 —
9L65°69 —

F1 (13C)

SI =

32768

100.613

SF =

24038.462

Sup =

8L8L°78 —

0581°0Z1
6912021
9Zv9'0Z1
6019071
LOLZ VZL
SL6Z'1Z1
S9LY 1Z}
98P 1Z1
666L'SZ1
§69L°9Z1
L608'SZ1
8810°LZ)
At &
1900°8Z1
668€ 871
Zipy'8Zi
1619821 §-
ziseszi
SLLO'LEL
6L01°1E1
€85 1E1
LIEYILL
$06S LCL
8SLZ'Z¢1
1618281
828¢ L8} |
Z60L 'SPl
ZzZeyivL =
or16891

Ly

1

[ppm]

[s21.] 9

S81



HSQC spectrum of 5a

582

General

DATE = 2014/03/26
TIME = 03:16
INSTRUN = spect

PULFROG = hsqcetgpsil |

Fz2 (1H)
5I = 1024
SF = 400.13

Fl1 (13C)
ST = 1024
SF = 100.613

50U _p = 16666.667

0 F2 [ppm]

20 F1[ppm]




3P NMR spectrum of 5a

— 2.7967

Geneceal

DATE = 2014/01/06
TINE = 11:01
INSTRUM = spect
PULPROG = zgpg30

Fl1 (31P)

SI = 32768

SF = 161.97¢
S¥_p = 64102.564

(- =

S83




"H NMR spectrum of 5b

BATE = 2013/12/05

TINE = 19:21

N GNSTRUM = spect

General

[ X=Xy)
aggﬁ
‘1—1—1—31—1—1—1—

-

o

L]
“ 37"
-]
i hS @
1w
I..-‘w
= .
A L
-..SSW

i

[ppm]

g

:

"

|

:

4

S84



3C NMR spectrum of 5b
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C NMR spectrum of 5d
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3P NMR spectrum of 5d
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C NMR spectrum of 5e
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3'P NMR spectrum of 5f
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BC NMR spectrum of 5g
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3P NMR spectrum of 5g
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"H NMR spectrum of 5h
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3P NMR spectrum of 5h
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"H NMR spectrum of 5i
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BC NMR spectrum of 5i
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3'P NMR spectrum of 5i
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