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General remarks

All reactions were performed under an argon atmosphere and solvents were dried according to established procedures.
'H NMR (300 M), *C NMR (75 M) and *'P NMR (121 M) spectra were obtained in CDCl;. The chemical shifts are
reported in ppm relative to internal standard TMS (‘"H NMR), to residual signals of the solvents (CHCls, 7.26 ppm for
'H NMR and 77.0 ppm for *C NMR) and to external standard 85% H3PO, (*'P NMR). The enantiomeric excess was
determined by HPLC analysis.

Materials

Diethylphosphine oxide was commercially available. Other dialkylphosphine oxides were prepared according to
literature procedures."™ L2 was prepared according to the previous reported procedures.”) Et,Zn was freshly
prepared™ and diluted to 1.0 M in toluene before use. Pyridine was freshly distilled before use. p,p-Disubstituted
o,B-unsaturated carbonyl compounds were prepared according to the previous reported procedures.” New substrates are

given below:

(6]
DMP“
Br 2b

'"H NMR (300 MHz, CDCL;) § 7.91 — 7.79 (m, 2H), 7.54 — 7.43 (m, 1H), 7.43 — 7.31 (m, 4H), 7.12 — 7.03 (m, 2H), 6.75
(d, J= 1.4 Hz, 1H), 2.28 (d, J = 1.4 Hz, 3H). °C NMR (75 MHz, CDCl3) & 192.4, 151.4, 139.5, 137.9, 132.8, 131.2,
129.0, 128.7, 128.4, 124.4, 122.0, 26.5.

(0]
/@)\)‘\Ph
Cl 2

'"H NMR (300 MHz, CDCL;) & 8.07 — 7.91 (m, 2H), 7.61 — 7.43 (m, SH), 7.38 (d, J = 8.4 Hz, 2H), 7.14 (dd, J= 2.4, 1.1
Hz, 1H), 2.56 (d, J = 1.3 Hz, 3H). ®C NMR (75 MHz, CDCl3) § 191.7, 153.4, 141.0, 139.1, 135.1, 132.7, 128.8, 128.6,
128.2,127.8, 122.3, 18.7.

(e}
/©)\)‘\Ph
2e

'"H NMR (300 MHz, CDCL;) & 8.06 — 7.94 (m, 2H), 7.59 — 7.42 (m, 5H), 7.27 — 7.19 (m, 2H), 7.19 — 7.14 (m, 1H), 2.59
(d, J = 1.3 Hz, 3H), 2.39 (s, 3H). °C NMR (75 MHz, CDCly) § 191.8, 155.2, 139.8, 139.5, 139.3, 132.4, 129.3, 128.5,
128.2, 126.4, 121.2,21.2, 18.7.

C
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'"H NMR (300 MHz, CDCly) & 8.17 — 7.83 (m, 2H), 7.64 — 7.37 (m, 5H), 6.75 (d, J = 3.4 Hz, 1H), 6.51 (dd, /= 3.4, 1.7
Hz, 1H), 2.52 (d, J = 1.1 Hz, 3H). ®C NMR (75 MHz, CDCL3) § 191.4, 154.8, 144.1, 141.9, 139.6, 132.3, 128.5, 128.1,
116.5, 112.4, 112.3, 15.66.

SO
2g

'"H NMR (300 MHz, CDCl3) 8 8.03 (dd, J = 5.2, 3.1 Hz, 3H), 7.95 — 7.80 (m, 3H), 7.70 (dd, J = 8.6, 1.9 Hz, 1H), 7.61 —
7.44 (m, SH), 7.36 — 7.29 (m, 1H), 2.71 (d, J = 1.2 Hz, 3H). *C NMR (75 MHz, CDCl;) § 191.9, 154.8, 139.9, 139.4,
133.6, 133.2, 132.6, 128.6, 128.5, 128.3, 128.27, 127.62, 126.8, 126.6, 126.2, 124.1, 122.5, 18.9.

gﬁ
" Ph Z-2h

'"H NMR (300 MHz, CDCL3) 8 8.03 (dd, J = 5.3, 3.3 Hz, 2H), 7.56 (tt, J = 7.6, 1.3 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.39 —
7.27 (m, 2H), 7.22 (td, J = 7.2, 1.3 Hz, 1H), 6.34 (s, 1H), 4.22 (dd, J = 3.3, 1.7 Hz, 2H), 3.38 (d, J = 1.8 Hz, 2H). °C
NMR (75 MHz, CDCls) § 197.2, 144.5, 143.9, 137.5, 136.4, 133.1, 131.8, 128.4°, 128.4°, 126.1, 124.8, 123.7, 119.0,
38.1, 38.0.

0
W%
E-2h

'"H NMR (300 MHz, CDCl;) & 8.09 — 7.98 (m, 2H), 7.77 (d, J = 7.7 Hz, 1H), 7.58 — 7.43 (m, 4H), 7.39 (d, J = 3.9 Hz,
2H), 7.34 — 7.25 (m, 1H), 3.51 — 3.42 (m, 2H), 3.16 — 3.07 (m, 2H). *C NMR (75 MHz, CDCls) & 190.7, 164.7, 150.4,
140.4, 139.8, 132.1 131.3, 128.5, 127.9, 126.8, 125.8, 121.6, 111.3, 32.5, 30.8.

o
F2k

'"H NMR (300 MHz, CDCL;) & 8.09 — 7.96 (m, 2H), 7.63 — 7.50 (m, 2H), 7.47 — 7.34 (m, 3H), 7.20 — 7.07 (m, 3H), 2.59
(s, 3H). *C NMR (75 MHz, CDCl;) & 190.2, 165.4 (d, J = 254.0 Hz), 155.4, 142.6, 135.7, 130.8 (d, J = 9.2 Hz), 129.2,
128.6, 126.4, 121.6, 115.6 (d, J = 21.8 Hz), 18.9.

(6]
Ph%
s/
'"H NMR (300 MHz, CDCly) 8 7.76 (dd, J = 3.8, 1.1 Hz, 1H), 7.61 (dd, J= 4.9, 1.1 Hz, 1H), 7.59 — 7.51 (m, 2H), 7.47 —
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7.37 (m, 3H), 7.13 (dd, J = 4.9, 3.8 Hz, 1H), 7.08 (d, J = 1.3 Hz, 1H), 2.65 (d, J = 1.2 Hz, 3H). ®C NMR (75 MHz,
CDCly) 5 183.5, 155.9, 147.0, 142.7, 133.2, 131.0, 129.2, 128.6, 128.1, 126.5, 121.1, 18.9.

(0]
NN
Nepash

'"H NMR (300 MHz, CDCls) § 7.51 (d, J = 8.9 Hz, 2H), 7.44 — 7.34 (m, 2H), 6.94 (d, J = 8.9 Hz, 2H), 6.72 (d, J= 1.2
Hz, 1H), 6.38 — 6.17 (m, 2H), 3.85 (s, 3H), 2.60 (d, J = 1.1 Hz, 3H). *C NMR (75 MHz, CDCL;) 5 163.4, 160.8, 157.6,
134.1,127.8, 119.2, 114.0, 113.9°, 112.7, 55.4, 18.7.

(@]
Cl \Sc

'"H NMR (300 MHz, CDCLy) 8 7.50 — 7.42 (m, 2H), 7.42 — 7.34 (m, 4H), 6.72 (d, J = 1.3 Hz, 1H), 6.32 (t, J = 3.0 Hz,
2H), 2.58 (d, J = 1.3 Hz, 3H). *C NMR (75 MHz, CDCLy) & 163.1, 156.3, 140.3, 135.5, 128.9, 127.7, 119.2, 116.3,
113.1, 18.8.

(@]
NN

'"H NMR (300 MHz, CDCL;) & 7.88 (d, J = 1.5 Hz, 1H), 7.81 — 7.70 (m, 3H), 7.52 (dd, J = 8.6, 1.9 Hz, 1H), 7.47 — 7.37
(m, 2H), 7.38 — 7.28 (m, 2H), 6.77 (d, J = 1.2 Hz, 1H), 6.29 — 6.16 (m, 2H), 2.61 (d, J = 1.1 Hz, 3H). *C NMR (75
MHz, CDCLy) § 163.3, 157.6 139.1, 133.6, 133.0, 128.5, 128.4, 127.6, 127.0, 126.7, 126.1, 123.7, 119.2, 116.2, 112.9,
18.9.

Typical procedure for the asymmetric hydrophosphinylation of B.B-Disubstituted o.B-unsaturated carbonyl

compounds

)\/ﬁ Q alyl L2/Et,Zn (20% mol) 0 P(O)allyl,
H—P. > ¥
PR -"ph T T g pyridine(1 eq), toluene PhMph
40°C

2a 1d 3a

Typical experimental procedure: To a stirred solution of L2 (33.1 mg, 0.05 mmol) in toluene (0.5 mL) was added
diethylzinc (100 xL, 1.0 M in toluene, 0.1 mmol) under an argon atmosphere. The mixture was stirred at room
temperature for 0.5 h to generate the zinc catalyst. Then the resulting solution of catalyst was transferred by syringe to a
stirred mixture of pyridine (20 uL, 1 eq), 2a (55.5 mg, 0.25 mmol), and diallyl phosphine oxide 1d (48.8 mg, 0.375

mmol) in toluene (2.0 mL) at rt under an argon atmosphere. After the addition, the mixture was stirred at 40 °C for 12 h.
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Then the reaction was quenched with saturated NH4CI and extracted with CH,Cl,. The combined organic layer was
dried over Na,SO,4 and concentrated under vacuum. The crude product was purified by silica gel column
chromatography (petroleum ether/ethyl acetate 4:1- ethyl acetate/methanol 40:1).

The racemic products were prepared according to the procedure described above by using racemic L1/EtZn.

O P(Ojallyl,

Ph Ph 3a

Colorless oil; 94% yield; 99% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 14.5 min, tygjor = 12.9 min); [a]"p="-75.9 (c = 1.19, CHCl;); '"H NMR (300 MHz, CDCl5): 6
=7.90 (d, J=7.2 Hz, 2H), 7.59 — 7.38 (m, 5H), 7.33 (t, J = 7.6 Hz, 2H), 7.29 — 7.18 (m, 1H), 6.13 — 5.86 (m, 1H), 5.76
—5.53 (m, 1H), 5.38 — 4.95 (m, 4H), 4.43 (dd, J = 18.0, 8.4 Hz, 1H), 3.57 (dd, J = 17.9, 4.7 Hz, 1H), 2.89 — 2.58 (m,
2H), 2.28 (dd, J = 13.6, 7.5 Hz, 2H), 1.88 (d, J = 16.5 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): = 196.2 (d, J = 14.1
Hz), 139.4 (d, J = 4.2 Hz), 137.3 (d, J = 2.1 Hz), 133.1, 128.6 (d, J = 8.5 Hz), 128.57, 128.5% 128.2 (d, J = 8.2 Hz),
127.9, 127.0 (d, J=4.7 Hz), 126.9 (d, J = 2.9 Hz), 120.4 (d, J = 10.8 Hz), 120.1 (d, /= 11.0 Hz), 43.9 (d, J= 56.8 Hz),
42.5,31.2 (d, J=58.6 Hz), 30.8 (d, J = 62.1 Hz), 19.3 ppm; *'P NMR (121 MHz, CDCl;): § = +49.9 ppm; IR (neat):
2925, 1691, 1635, 1447, 1352, 1218, 1160, 998, 919, 848, 755, 695 cm™'; HRMS (ESI): C,,H,50,P [M+H]" caled:

353.1670, found: 353.1670.

O P(O)allyl,
Ph

Br3p

Colorless oil; 98% yield; 96% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 12.1 min, tygjor = 17.4 min); [a]"p=-77.6 (c = 1.07, CHCL,); "H NMR (300 MHz, CDCls): 0
=7.89 (d, J=8.3 Hz, 2H), 7.55 (t, J= 6.8 Hz, 1H), 7.48 — 7.30 (m, 6H), 6.14 — 5.89 (m, 1H), 5.73 — 5.52 (m, 1H), 5.41
—4.95 (m, 4H), 4.39 (dd, /= 18.1, 8.1 Hz, 1H), 3.56 (dd, J = 18.1, 4.2 Hz, 1H), 2.87 — 2.61 (m, 2H), 2.26 (dd, J = 13.9,
7.3 Hz, 2H), 1.84 (d, J = 16.5 Hz, 3H) ppm; *C NMR (75 MHz, CDCLy): 6 = 195.8 (d, J = 14.0 Hz), 138.6 (d, J = 4.6
Hz), 137.0 (d, /= 1.8 Hz), 133.2, 131.5 (d, /= 2.4 Hz), 128.7 (d, J = 4.6 Hz), 128.5, 128.3 (d, J = 8.5 Hz), 127.8, 127.7
(d, J=7.0 Hz), 121.0 (d, J= 3.6 Hz), 120.5 (d, /= 11.0 Hz), 120.3 (d, J=11.1 Hz), 43.5 (d, /= 56.4 Hz), 42.5, 31.2 (d,
J=58.7 Hz), 30.7 (d, J = 62.3 Hz), 19.2 ppm; 3p NMR (121 MHz, CDCly): 0 = +49.2 ppm; IR (neat): 2979, 1690,
1635, 1490, 1350, 1218, 1161, 1003, 919, 854, 754, 692 cm™'; HRMS (ESI): C,,H,,BrO,P [M+H]" calcd: 431.0770,

found: 431.0782.
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O P(O)allyl,
Ph '
Cl3c¢

Colorless oil; 94% yield; 98% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 12.5 min, tygjor = 18.3 min); [a]"p=-86.0 (c = 1.07, CHCl;); '"H NMR (300 MHz, CDCly): 6
=7.89 (d, J=17.2 Hz, 2H), 7.55 (t, J= 7.4 Hz, 1H), 7.48 — 7.38 (m, 4H), 7.30 (d, J = 8.6 Hz, 2H), 6.12 — 5.94 (m, 1H),
5.73 — 5.55 (m, 1H), 5.40 — 4.94 (m, 4H), 4.40 (dd, J = 18.1, 8.2 Hz, 1H), 3.55 (dd, /= 18.1, 4.4 Hz, 1H), 2.85 — 2.60
(m, 2H), 2.26 (dd, J = 13.4, 7.4 Hz, 2H), 1.85 (d, J = 16.6 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): § = 195.9 (d, J =
14.0 Hz), 138.1 (d, J = 4.5 Hz), 137.0 (d, J = 2.0 Hz), 133.3, 132.8 (d, J = 3.6 Hz), 128.6, 128.5, 128.4 (d, /= 4.5 Hz),
128.37 (d, J = 8.7 Hz), 127.7°, 127.77 (d, J = 8.2 Hz), 120.5 (d, J = 10.9 Hz), 120.3 (d, J = 11.0 Hz), 43.4 (d, J = 56.5
Hz), 42.5, 31.2 (d, J = 58.6 Hz), 30.7 (d, J = 62.3 Hz), 19.3 ppm; *'P NMR (121 MHz, CDCl;): § = +49.3 ppm; IR
(neat): 2922, 1690, 1635, 1493, 1218, 1161, 998, 919, 755, 692 cm™'; HRMS (ESI): C,,H,,ClO,P [M+H]" calcd:

387.1275, found: 387.128]1.

O P(O)allyl,
Ph -
OMe 3d

Colorless oil; 97% yield; 98% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 80/20, flow
rate = 1.0 mL/min, tyiner = 9.7 Min, tmgjor = 20.3 min); [a]"p="-73.0 (c = 1.28, CHCl;); 'H NMR (300 MHz, CDCly): 0 =
7.96 (d, J=7.5Hz, 2H), 7.53 (t,J=7.3 Hz, 1H), 7.47 — 7.38 (m, 3H), 7.38 (d, /= 2.3 Hz, 1H), 6.85 (d, J= 8.8 Hz, 2H),
6.10 —5.90 (m, 1H), 5.74 — 5.55 (m, 1H), 5.38 — 5.00 (m, 4H), 4.41 (dd, J = 18.0, 8.4 Hz, 1H), 3.76 (s, 3H), 3.70 — 3.45
(m, 1H), 2.93 — 2.61 (m, 2H), 2.49 — 2.23 (m, 2H), 1.87 (d, J = 17.0 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): J =
196.1 (d, J=14.5 Hz), 158.3 (d, J=2.9 Hz), 137.2 (d, /= 1.9 Hz), 133.1, 130.7, 128.5, 128.2 (d, /= 9.2 Hz), 128.1 (d,
J=4.7Hz), 128.0, 127.8 (d, J=9.0 Hz), 120.6 (d, /= 11.0 Hz), 120.3 (d, /= 10.5 Hz), 113.9 (d, /= 2.5 Hz), 55.1, 43.1
(d, J=58.1 Hz), 42.4, 30.8 (d, J = 58.0 Hz), 30.4 (d, J = 61.1 Hz), 19.3 ppm; *'P NMR (121 MHz, CDCl;): 6 = +50.6
ppm; IR (neat): 2955, 1691, 1635, 1609, 1513, 1254, 1187, 1032, 920, 854, 755, 691 cm™; HRMS (ESI): C,3H,;0:P

[M+H]" caled: 383.1771, found: 383.1775.

O P(O)allyl,
Ph
3e

S6



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Colorless oil; 94% yield; 96% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 11.7 min, tygjor = 16.3 min); [a]"p=-66.0 (c = 1.09, CHCl,); "H NMR (300 MHz, CDCls): 0
=793 (d,J=7.5 Hz, 2H), 7.53 (t, /= 7.3 Hz, 1H), 7.41 (t, J=7.5 Hz, 2H), 7.34 (dd, J = 8.4, 2.3 Hz, 2H), 7.12 (d, J =
8.2 Hz, 2H), 6.09 — 5.89 (m, 1H), 5.78 — 5.58 (m, 1H), 5.33 — 4.98 (m, 4H), 4.40 (dd, J = 18.0, 8.4 Hz, 1H), 3.60 (dd, J
=17.7,4.0 Hz, 1H), 2.92 — 2.57 (m, 2H), 2.43 — 2.20 (m, 2H), 2.30 (d, /= 1.7 Hz, 3H), 1.87 (d, J = 16.7 Hz, 3H) ppm;
BC NMR (75 MHz, CDCls): 6 = 196.1 (d, J = 14.3 Hz), 137.2 (d, J = 2.0 Hz), 136.4 (d, J = 3.2 Hz), 136.0, 133.0,
129.2 (d, J=2.7 Hz), 128.5 (d, J= 7.3 Hz), 128.4, 128.1 (d, /= 7.7 Hz), 127.9, 126.8 (d, J=4.7 Hz), 120.4 (d, /= 11.6
Hz), 120.1 (d, J= 11.6 Hz), 43.5 (d, J = 57.3 Hz), 42.3, 30.9 (d, J = 58.2 Hz), 30.5 (d, J = 62.7 Hz), 20.8, 19.2 ppm; *'P
NMR (121 MHz, CDCl;): 0 = +50.0 ppm; IR (neat): 2978, 1691, 1635, 1514, 1450, 1352, 1218, 1161, 999, 919, 853,

756, 613 cm™; HRMS (ESI): C,3H,,0,P [M+H]" calcd: 367.1821, found: 367.1815.

O P(O)allyl,
Ph - =
07 3
Colorless oil; 93% yield; 98% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyiner = 14.3 min, tygjor = 12.2 min); [a]"p=-39.3 (c = 1.07, CHCl;); '"H NMR (300 MHz, CDCl5): 6
=7.92 (d, J=1.3 Hz, 2H), 7.55 (t,J="7.3 Hz, 1H), 7.43 (t,J= 7.5 Hz, 2H), 7.35 (s, 1H), 6.38 (dd, /= 3.3, 1.8 Hz, 1H),
6.23 (t, J= 3.4 Hz, 1H), 5.95 — 5.67 (m, 2H), 5.31 — 5.10 (m, 4H), 3.97 (dd, J = 16.8, 7.1 Hz, 1H), 3.67 (dd, J = 16.8,
5.2 Hz, 1H), 2.77 — 2.43 (m, 4H), 1.80 (d, J = 14.5 Hz, 3H) ppm; “C NMR (75 MHz, CDCL;): § = 196.2 (d, J = 13.5
Hz), 153.4 (d, J=5.5 Hz), 141.5 (d, J=3.3 Hz), 137.1 (d, /= 1.9 Hz), 133.1, 128.4, 128.1 (d, J = 8.6 Hz), 127.9, 127.8
(d, J=9.0 Hz), 120.3 (d, J = 11.0 Hz), 120.2 (d, J = 11.0 Hz), 111.1 (d, J = 3.0 Hz), 107.7 (d, /= 7.1 Hz), 41.5 (d, J =
60.0 Hz), 39.7, 31.5 (d, J = 60.1 Hz), 30.4 (d, J= 61.2 Hz), 17.3 (d, J = 2.4 Hz) ppm; *'P NMR (121 MHz, CDCl;): =
+49.4 ppm; IR (neat): 2916, 1692, 1635, 1450, 1353, 1221, 1160, 998, 932, 757, 693, 603 cm'; HRMS (ESI):

Ca0H,305P [M+H]" calcd: 343.1458, found: 343.1452.

O P(O)allyl,

L

Colorless oil; 94% yield; 96% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow

3g

rate = 1.0 mL/min, tyinor = 30.7 min, tygjor = 20.6 min); [a]"p=-85.5 (c = 1.17, CHCL,); "H NMR (300 MHz, CDCls): 0
=7.97 —7.86 (m, 3H), 7.85 — 7.74 (m, 3H), 7.67 (d, J= 8.8 Hz, 1H), 7.51 (t, J= 7.4 Hz, 1H), 7.48 — 7.33 (m, 4H), 6.13

~5.90 (m, 1H), 5.77 — 5.57 (m, 1H), 5.37 — 4.91 (m, 4H), 4.55 (dd, J = 18.0, 8.4 Hz, 1H), 3.69 (dd, J = 18.0, 4.6 Hz,
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1H), 2.93 — 2.60 (m, 2H), 2.29 (dd, J = 13.3, 7.6 Hz, 2H), 2.00 (d, J = 16.5 Hz, 3H) ppm; *C NMR (75 MHz, CDCL;):
6=196.0 (d, J = 14.1 Hz), 137.2 (d, J = 2.0 Hz), 136.9 (d, J = 3.8 Hz), 133.0°, 133.0° (d, J = 4.2 Hz), 132.0 (d, J = 2.1
Hz), 128.5, 128.4 (d, J=7.1 Hz), 128.07, 128.0°, 127.9 (d, J = 7.2 Hz), 127.8°, 127.4 (d, J= 1.1 Hz), 126.0° (d, J= 1.5
Hz), 126.0° (d, J = 4.0 Hz), 125.9 (d, J = 0.8 Hz), 125.0 (d, J = 3.5 Hz), 120.4 (d, J = 10.9 Hz), 120.1 (d, J = 11.0 Hz),
44.1 (d, J = 56.7 Hz), 42.6, 31.1 (d, J = 58.5 Hz), 30.8 (d, J = 62.0 Hz), 19.4 ppm; *'P NMR (121 MHz, CDCl;): § =
+50.0 ppm; IR (neat): 2978, 1691, 1634, 1349, 1218, 1162, 999, 920, 752, 691, 627 cm™'; HRMS (ESI): CysH,,0,P

[M+H]" caled: 403.1821, found: 403.1823.

Ph___P(Ojallyl,

3h

Colorless oil; From Z substrate, 72% yield; 96% ee determined by HPLC on a Chiralpak AD-H column
(hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, tyiner = 13.7 min, tyajor = 15.3 min); [a]"p = -27.6 (c = 1.09,
CHCl); From E substrate, 90% yield; 80% ee; [a]"p=-23.7 (¢ = 1.01, CHCl;); '"H NMR (300 MHz, CDCl3): 6 =7.78
(d, J=17.5Hz, 2H), 7.47 — 7.34 (m, 2H), 7.29 (t, /= 7.6 Hz, 2H), 7.16 — 6.97 (m, 3H), 5.95 - 5.73 (m, 1H), 5.67 — 5.47
(m, 1H), 5.27 — 4.83 (m, 4H), 3.95 (dd, J=17.2, 9.8 Hz, 1H), 3.67 (dd, J=17.2, 6.0 Hz, 1H), 3.28 — 3.06 (m, 1H), 3.01
—2.59 (m, 3H), 2.59 — 2.18 (m, 4H) ppm; *C NMR (75 MHz, CDCl;): 6 = 197.3 (d, J= 11.7 Hz), 144.1 (d, J = 6.7 Hz),
141.5 (d, J=3.3 Hz), 137.1 (d, J= 1.3 Hz), 133.0, 128.3* (d, /= 6.3 Hz), 128.2°, 127.9, 127.8 (d, J = 2.5 Hz), 127.7 (d,
J=7.8Hz), 126.7 (d,J=2.5 Hz), 124.7 (d, J= 3.1 Hz), 124.5 (d, /= 2.1 Hz), 120.2 (d, /= 10.9 Hz), 120.0 (d, /= 11.0
Hz), 52.2 (d, J= 61.1 Hz), 42.1, 31.5 (d, J = 58.0 Hz), 31.3 (d, J = 3.2 Hz), 30.6 (d, J = 62.2 Hz), 30.4 ppm; *'"P NMR
(121 MHz, CDCly): 6 = +50.5 ppm; IR (neat): 2947, 1690, 1635, 1451, 1354, 1216, 1157, 998, 919, 754, 691, 615 cm’;

HRMS (ESI): Cy3H,50,P [M+H]" caled: 365.1665, found: 365.1660.

O P(O)allyl,
Ph - iBu 3i
Colorless oil; 90% yield; 93% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyiner = 9.8 min, tyyjor = 7.3 min); [a]"p=+1.8 (¢ = 1.08, CHCL,); 'H NMR (300 MHz, CDCl;): 6 =
7.97 (d, J=17.1 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.46 (t, J = 7.4 Hz, 2H), 6.07 — 5.83 (m, 2H), 5.30 — 5.16 (m, 4H),
3.57(dd,J=17.4,10.9 Hz, 1H), 3.27 (dd, J=17.4, 14.9 Hz, 1H), 2.96 — 2.64 (m, 4H), 1.99 — 1.82 (m, 2H), 1.79 - 1.62
(m, 1H), 1.43 (d, J = 15.9 Hz, 3H), 0.94 (d, J = 6.4 Hz, 3H), 0.90 (d, J = 6.4 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;):

5=198.7(d,J=17.7 Hz), 137.5, 133.1, 128.9 (d, J = 8.2 Hz), 128.8° (d, /= 8.3 Hz), 128.6, 128.0, 120.0 (d, /= 10.9 Hz,
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overlapped), 42.1, 41.6, 40.5 (d, J = 60.4 Hz), 31.8 (d, J = 58.6 Hz), 31.7 (d, J = 58.2 Hz), 25.2, 25.1, 24.3 (d, J = 8.1
Hz), 21.3 ppm; *'P NMR (121 MHz, CDCLy): § = +52.9 ppm; IR (neat): 2957, 1689, 1635, 1451, 1361, 1218, 1160,

917,754, 692, 616 cm™'; HRMS (ESI): CHa90,P [M+H]" calcd: 333.1978, found: 333.1970.

O P(O)allyl,
Ph - iPr 3
Colorless oil; 92% yield; 90% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyine, = 8.3 min, tygjor = 7.7 min); [¢]"p=-0.9 (¢ = 1.09, CHCl,); 'H NMR (300 MHz, CDCl5): 0 =
7.98 (d, J=17.2 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 6.07 — 5.86 (m, 2H), 5.31 — 5.10 (m, 4H),
3.50 — 3.24 (m, 2H), 3.05 — 2.67 (m, 4H), 2.66 — 2.47 (m, 1H), 1.31 (d, /= 15.2 Hz, 3H), 1.08 (d, /= 6.9 Hz, 3H), 0.98
(d, J = 6.8 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): § = 198.9 (d, J = 3.8 Hz), 137.2, 133.2, 129.3' (d, J = 8.1 Hz),
129.2° (d, J= 8.8 Hz), 128.6, 128.0, 119.9 (d, J=11.7 Hz), 119.7 (d, J = 11.5 Hz), 43.5 (d, J = 58.8 Hz), 41.7,33.7 (d, J
= 58.7 Hz), 33.1 (d, J = 57.8 Hz), 30.3, 19.0 (d, J = 4.1 Hz), 18.2 (d, J = 6.7 Hz), 17.9 ppm; *'P NMR (121 MHz,

CDCls): 6 = +53.8 ppm; IR (neat): 2970, 1687, 1635, 1450, 1394, 1221, 1157, 998, 916, 747, 692, 615 cm™'; HRMS

(ESI): C1oHy,0,P [M+H]" calcd: 319.1821, found: 319.1827.

O P(Ojallyl,
Ph

F 3k
White solid, m.p. 113-115 °C; 91% yield; 98% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol

= 90/10, flow rate = 1.0 mL/min, tyiner = 9.1 min, tyajor = 13.5 min); [a]"p=-71.0 (¢ = 1.06, CHCl,); '"H NMR (300
MHz, CDCLy): 6 =7.92 (dd, J = 8.9, 5.4 Hz, 2H), 7.48 (dd, J = 7.6, 1.7 Hz, 2H), 7.34 (t, J = 7.7 Hz, 2H), 7.28 — 7.20 (m,
1H), 7.08 (t, J = 8.7 Hz, 2H), 6.09 — 5.89 (m, 1H), 5.71 — 5.53 (m, 1H), 5.35 — 4.95 (m, 4H), 4.40 (dd, J = 17.9, 8.4 Hz,
1H), 3.53 (dd, J = 17.8, 4.6 Hz, 1H), 2.89 — 2.59 (m, 2H), 2.27 (dd, J = 13.7, 7.5 Hz, 2H), 1.88 (d, J = 16.6 Hz, 3H) ppm;
BC NMR (75 MHz, CDCly): 6 = 194.6 (d, J = 14.1 Hz), 165.6 (d, J = 255.0 Hz), 139.3 (d, J = 4.2 Hz), 133.7 (dd, J =
3.0, 2.3 Hz), 130.5 (d, J= 9.3 Hz), 128.5> (d, J = 8.7 Hz), 128.4" (d, J= 2.5 Hz), 128.1 (d, J= 8.2 Hz), 126.8° (d, J= 4.7
Hz), 126.8% (d, J=2.7 Hz), 120.4 (d, J = 10.8 Hz), 120.1 (d, J = 11.0 Hz), 115.5 (d, J = 21.8 Hz), 43.8 (d, J = 56.7 Hz),
42.4,31.2 (d, J=58.6 Hz), 30.7 (d, J = 62.2 Hz), 19.2 ppm; *'P NMR (121 MHz, CDCl;): 6 = +49.8 ppm; "’F NMR
(282 MHz, CDCly): § = -105.0 ppm; IR (neat): 2923, 1692, 1597, 1504, 1415, 1220, 1159, 999, 921, 837, 700, 614 cm’;

HRMS (ESI): C»,H,,FO,P [M+H]" caled: 371.1571, found: 371.1580.
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O P(Oalyl,
<SJ)J\/rPh
\ 31

Colorless oil; 97% yield; 98% ee determined by HPLC on a Chiralpak OJ-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 15.9 min, tygjor = 10.3 min); [a]"p=-42.9 (c = 1.12, CHCL,); "H NMR (300 MHz, CDCls): 0
=7.79 (s, 1H), 7.58 (d, J=4.3 Hz, 1H), 7.50 (d, J=7.7 Hz, 2H), 7.33 (t, J= 7.5 Hz, 2H), 7.28 — 7.19 (m, 1H), 7.08 (dd,
J=4.7,4.0 Hz, 1H), 6.08 — 5.87 (m, 1H), 5.71 — 5.51 (m, 1H), 5.37 — 4.92 (m, 4H), 4.33 (dd, J = 17.3, 8.3 Hz, 1H),
3.53(dd, J=17.3, 4.7 Hz, 1H), 2.90 — 2.58 (m, 2H), 2.29 (dd, J = 13.5, 7.5 Hz, 2H), 1.88 (d, J = 16.7 Hz, 3H) ppm; *C
NMR (75 MHz, CDCly): 6 = 189.2 (d, J = 14.6 Hz), 144.7 (d, J = 2.7 Hz), 138.9 (d, /= 4.0 Hz), 133.8, 132.2, 128.4 (d,
J=2.5Hz), 1283 (d, J= 8.5 Hz), 128.1, 127.8 (d, J = 8.1 Hz), 127.0' (d, J= 4.6 Hz), 126.9° (d, J = 2.5 Hz), 120.5 (d, J
=11.0 Hz), 120.2 (d, /= 11.0 Hz), 43.9 (d, J = 56.8 Hz), 43.0, 31.0 (d, J = 58.6 Hz), 30.6 (d, J = 62.4 Hz), 19.3 ppm;
3'P NMR (121 MHz, CDCl3): 6 = +50.3 ppm; IR (neat): 2980, 1666, 1517, 1416, 1228, 1160, 1060, 917, 847, 729, 700

cm’l; MS (ESI): C1gHys05P [M+H]" caled: 359.1, found: 359.3.

O P(O)ally,

Bu Ph 3m

Colorless oil; 98% yield; 99% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 95/5, flow rate
= 1.0 mL/min, tpiner = 9.2 Min, tgior = 10.3 min); [a]"p=-5.3 (c = 1.14, CHCL;); "H NMR (300 MHz, CDCLy): § = 7.48
(d, J=17.8 Hz, 2H), 7.36 (t, /= 7.6 Hz, 2H), 7.31 — 7.21 (m, 1H), 6.04 — 5.83 (m, 1H), 5.64 — 5.47 (m, 1H), 5.35 - 4.91
(m, 4H), 3.78 (dd, J=16.8, 8.4 Hz, 1H), 2.91 (dd, /= 16.8, 4.8 Hz, 1H), 2.81 — 2.55 (m, 2H), 2.35 — 2.07 (m, 4H), 1.76
(d, J=16.7 Hz, 3H), 1.45 — 1.31 (m, 2H), 1.14 (dq, J = 14.3, 7.3 Hz, 2H), 0.80 (t, J = 7.3 Hz, 3H)ppm; *C NMR (75
MHz, CDCl;): 6 = 207.6 (d, J= 13.4 Hz), 139.1 (d, J=4.2 Hz), 128.5 (d, J=2.5 Hz), 128.4 (d, J= 8.7 Hz), 127.9 (d, J
= 8.2 Hz), 127.0 (d, J = 3.1 Hz), 126.9° (d, J = 4.5 Hz), 120.3 (d, J = 10.8 Hz), 120.0 (d, J = 11.0 Hz), 46.7 (d, J = 1.2
Hz), 44.1 (d, J= 1.4 Hz), 43.5 (d, /= 56.7 Hz), 31.2 (d, J = 58.5 Hz), 30.8 (d, J = 62.0 Hz), 25.4, 22.0, 19.0, 13.7 ppm;
3P NMR (121 MHz, CDCly): 6 = +49.4 ppm; IR (neat): 2957, 1716, 1635, 1419, 1378, 1163, 917, 847, 701, 617 cm™;

HRMS (ESI): Cy0H,90,P [M+H]" caled: 333.1978, found: 333.1968.

O P(Ojallyl,

Et Ph 3n

Colorless oil; 84% yield; >99% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 90/10, flow

rate = 1.0 mL/min, tyinor = 9.2 Min, tpgjor = 11.9 min); [a]"p=+0.9 (c = 1.10, CHCl,); 'H NMR (300 MHz, CDCly): 6 =
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7.49 (d, J = 7.7 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.31 — 7.22 (m, 1H), 6.03 — 5.85 (m, 1H), 5.67 — 5.46 (m, 1H), 5.33 —
491 (m, 4H), 3.77 (dd, J = 16.7, 8.5 Hz, 1H), 2.92 (dd, J = 16.7, 4.9 Hz, 1H), 2.68 (pd, J = 14.6, 7.5 Hz, 2H), 2.41 —
2.04 (m, 2H), 2.20 (dd, J = 13.8, 7.2 Hz, 2H), 1.76 (d, J = 16.6 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H) ppm; *C NMR (75
MHz, CDCLy): § =207.9 (d, J = 13.4 Hz), 139.2 (d, J = 4.2 Hz), 128.5 (d, J = 2.3 Hz), 128.4 (d, J = 8.0 Hz), 128.0 (d, J
= 8.2 Hz), 127.0° (d, J = 3.3 Hz), 127.0° (d, J = 4.4 Hz), 120.3 (d, J = 10.8 Hz), 119.9 (d, J = 11.0 Hz), 46.6 (d, J= 1.2
Hz), 43.6 (d, J = 56.8 Hz), 37.6 (d, J = 1.5 Hz), 31.2 (d, J = 58.5 Hz), 30.9 (d, J = 61.9 Hz), 19.1, 7.4 ppm; *'P NMR
(121 MHz, CDCls): § = +49.2 ppm; IR (neat): 2978, 1717, 1635, 1419, 1163, 918, 847, 701, 617 cm’'; HRMS (ESI):

C,5H,50,P [M+H]" calcd: 305.1665, found: 305.1670.

O P(Ojallyl,

Bu iPr 30

Colorless oil; 87% yield; 96% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 95/5, flow
rate = 1.0 mL/min, tyinor = 9.4 Min, tyajor = 8.8 min); [a]"p=+1.4 (c = 1.46, CHCL,); '"H NMR (300 MHz, CDCly): 0 =
6.07 — 5.81 (m, 2H), 5.29 — 5.11 (m, 4H), 2.99 — 2.62 (m, 6H), 2.47 (t,J = 7.4 Hz, 2H), 2.46 — 2.30 (m, 1H), 1.62 — 1.48
(m, 2H), 1.31 (dd, J=15.1, 7.4 Hz, 2H), 1.21 (d, J = 15.4 Hz, 3H), 1.00 (t, /= 7.1 Hz, 6H), 0.91 (t, J = 7.3 Hz, 3H)ppm;
3C NMR (75 MHz, CDCl;): 6 =210.0 (d, J = 4.1 Hz), 129.2° (d, J= 8.1 Hz), 129.1% (d, J = 8.7 Hz), 119.6 (d, /= 11.0
Hz), 119.5 (d, J = 11.1 Hz), 45.3, 43.5, 43.1 (d, J = 58.9 Hz), 33.5 (d, J = 58.3 Hz), 32.9 (d, J = 57.4 Hz), 30.4, 25.6,
22.1,18.7(d,J=4.6 Hz), 18.2 (d, J= 6.3 Hz), 17.6, 13.7 ppm; 3p NMR (121 MHz, CDCl;): 6 = +53.1 ppm; IR (neat):
2960, 1713, 1635, 1463, 1378, 1159, 914, 612 cm”; HRMS (ESI): Cj;H5,0,P [M+H]" caled: 299.2134, found:

299.2139.

O P(Ojallyl,

Ph Ph

Colorless oil; 84% yield; 94% ee determined by HPLC on a Chiralpak OJ-H column (hexane/2-propanol = 95/5, flow
rate = 1.0 mL/min, tpinor = 12.8 Min, tpgior = 9.4 min); [a]"p=-58.9 (c = 1.00, CHCL;); "H NMR (300 MHz, CDCl;): 6 =
8.01 (d, J=17.3 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.51 — 7.39 (m, 4H), 7.34 (t, J = 7.6 Hz, 2H), 7.30 — 7.18 (m, 1H),
6.06 — 5.80 (m, 1H), 5.79 — 5.60 (m, 1H), 5.31 — 4.97 (m, 4H), 4.11 (dd, /= 18.7, 8.9 Hz, 1H), 3.97 (dd, J=18.7, 11.2
Hz, 1H), 2.91 (td, J = 15.4, 6.9 Hz, 1H), 2.72 — 2.48 (m, 3H), 2.47 — 2.18 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H) ppm; “C
NMR (75 MHz, CDCLy): 6 = 196.6 (d, J = 10.3 Hz), 139.6 (d, J = 2.8 Hz), 136.9 (d, J = 1.0 Hz), 133.1, 128.7' (d, J =
8.0 Hz), 128.6° (d, J= 8.6 Hz), 128.5, 128.3 (d, /= 2.7 Hz), 127.8, 127.3 (d, J = 4.6 Hz), 126.8 (d, J = 3.1 Hz), 120.0 (d,

J=11.2 Hz), 119.6 (d, J= 11.0 Hz), 48.2 (d, J = 55.0 Hz), 38.4, 32.0 (d, J = 60.6 Hz), 31.5 (d, J = 59.6 Hz), 25.3, 9.8 (d,
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J=5.3 Hz) ppm; 'P NMR (121 MHz, CDCly): 6 = +50.7 ppm; IR (neat): 2973, 1691, 1635, 1448, 1216, 1159, 918,

754, 696, 613 cm’'; HRMS (ESI): Co3H,/NO,P [M+H]" caled: 367.1821, found: 367.1820.

O P(O)Et

Ph Ph 3q

White solid, m.p. 159-161 °C; 82% yield; 99% ee determined by HPLC on a Chiralpak OJ-H column
(hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, tyiner = 11.0 min, tyajor = 6.9 min); [a]"p=-82.6 (c=1.11, CHClLy);
"H NMR (300 MHz, CDCLy): § = 7.91 (d, J = 7.5 Hz, 2H), 7.58 — 7.37 (m, 5H), 7.35 — 7.25 (m, 2H), 7.25 — 7.11 (m,
1H), 4.43 (dd, J = 17.8, 7.9 Hz, 1H), 3.46 (dd, J = 17.8, 4.6 Hz, 1H), 2.04 — 1.78 (m, 1H), 1.83 (d, J = 15.7 Hz, 3H),
1.78 — 1.60 (m, 1H), 1.53 — 1.34 (m, 2H), 1.24 (dt, J = 15.3, 7.7 Hz, 3H), 0.84 (dt, J = 15.4, 7.7 Hz, 3H) ppm; “C NMR
(75 MHz, CDCl3): 0 = 196.5 (d, J = 13.8 Hz), 139.8 (d, J = 4.2 Hz), 137.4 (d, J = 1.8 Hz), 133.0, 128.4, 128.3 (d, J =
2.5 Hz), 127.9,126.9 (d, J=4.4 Hz), 126.5 (d, J=2.7 Hz), 42.8 (d, /= 58.0 Hz), 42.2, 19.3, 17.8 (d, /= 61.5 Hz), 16.8
(d, J=65.3 Hz), 6.5 (d, J = 5.5 Hz), 6.1 (d, J = 5.4 Hz) ppm; *'"P NMR (121 MHz, CDCl;): § = +56.3 ppm; IR (neat):
2977, 2940, 1691, 1449, 1351, 1217, 1156, 1030, 1000, 754, 696, 618 cm™; HRMS (ESI): C50H,50,P [M+H]" calcd:

329.1665, found: 329.1655.

O  P(O)Bu,

Ph Ph 5,

White solid, m.p. 108-110 °C; 90% yield; 99% ee determined by HPLC on a Chiralpak AD-H column
(hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, tyinor = 10.6 min, tyajor = 8.1 min); [2]"p=-86.5 (c = 1.04, CHCl);
"H NMR (300 MHz, CDCls): 6 = 7.92 (d, J = 7.4 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.49 — 7.36 (m, 4H), 7.35 — 7.25 (m,
2H), 7.25 - 7.15 (m, 1H), 4.44 (dd, J=17.8, 7.9 Hz, 1H), 3.45 (dd, J = 17.8, 4.5 Hz, 1H), 1.97 — 1.75 (m, 1H), 1.82 (d,
J=15.8 Hz, 3H), 1.74 — 1.58 (m, 2H), 1.56 — 1.32 (m, 5H), 1.28 — 1.11 (m, 3H), 1.09 — 0.88 (m, 1H), 0.95 (t, /= 7.2 Hz,
3H), 0.75 (t,J = 7.0 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): d = 196.6 (d, J = 14.0 Hz), 139.9 (d, J = 3.9 Hz), 137.5
(d, J=1.8 Hz), 133.1, 128.5, 128.4 (d, /= 2.5 Hz), 128.0, 127.0 (d, /= 4.4 Hz), 126.6 (d, J=2.4 Hz), 43.0 (d, /= 57.8
Hz), 42.3,25.3 (d, J = 60.2 Hz), 24.7 (d, J = 13.7 Hz), 24.3* (d, J = 13.7 Hz), 24.37 (d, J = 4.6 Hz), 24.1 (d, J = 65.2 Hz),
24.0 (d, J= 4.4 Hz), 19.4, 13.7, 13.5 ppm; *'P NMR (121 MHz, CDCl;): § = +54.3 ppm; IR (neat): 2958, 1692, 1449,

1350, 1218, 1159, 999, 754, 696 cm™'; HRMS (ESI): C,4H330,P [M+H]" calcd: 385.2291, found: 385.2286.
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O P(Ojallyl,

Cy
= 4a

Colorless oil; 88% yield; 99% ee determined by HPLC on a Chiralpak OJ-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyiner = 11.0 min, tyajor = 7.6 min); [a]"p=-57.5 (c = 1.04, CHCl;); "H NMR (300 MHz, CDCls): 6 =
7.50 (d, J=17.7 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.32 — 7.23 (m, 3H), 6.25 (t, J = 2.1 Hz, 2H), 6.08 — 5.90 (m, 1H),
5.71 = 5.52 (m, 1H), 5.41 — 4.97 (m, 4H), 4.20 (dd, J = 17.5, 8.1 Hz, 1H), 3.44 (dd, J = 17.5, 4.5 Hz, 1H), 2.85 - 2.59
(m, 2H), 2.25 (dd, J = 13.5, 7.4 Hz, 2H), 1.90 (d, J = 16.4 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): § = 166.6 (d, J =
17.0 Hz), 138.8 (d, /= 4.3 Hz), 128.7 (d, J=2.5 Hz), 128.4 (d, J = 8.5 Hz), 127.9 (d, J= 8.2 Hz), 127.2 (d, J = 2.8 Hz),
126.9 (d, J=4.5 Hz), 120.6 (d, /= 10.9 Hz), 120.3 (d, J=11.1 Hz), 119.0, 113.1,43.7 (d, /= 56.8 Hz), 39.2,31.3 (d, J
=58.8 Hz), 30.9 (d, J = 62.7 Hz), 19.2 ppm; 3p NMR (121 MHz, CDCl;): 6 = +49.6 ppm; IR (neat): 2980, 1724, 1635,
1469, 1363, 1270, 1160, 918, 844, 744, 617 cm™; HRMS (ESI): CyH,yNO,P [M+H]" calcd: 342.1617, found:

342.1610.

O P(Ojallyl,
-

Colorless oil; 91% yield; 96% ee determined by HPLC on a Chiralpak As column (hexane/2-propanol = 90/10, flow

OMe 4ph

rate = 1.0 mL/min, tyinr = 14.3 min, tgjor = 27.8 min); [a]"p=-71.8 (c = 1.02, CHCl;); '"H NMR (300 MHz, CDCl5): 6
=7.41 (dd, J = 8.8, 2.1 Hz, 2H), 7.27 (s, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.26 (t, J = 2.1 Hz, 2H), 6.11 — 5.90 (m, 1H),
5.74 — 5.55 (m, 1H), 5.41 — 4.99 (m, 4H), 4.14 (dd, J= 17.4, 8.2 Hz, 1H), 3.79 (s, 3H), 3.41 (dd, J = 17.4, 4.4 Hz, 1H),
2.86 —2.57 (m, 2H), 2.25 (dd, J = 13.6, 7.5 Hz, 2H), 1.87 (d, J = 16.5 Hz, 3H) ppm; “C NMR (75 MHz, CDCl;): § =
166.7 (d, J=17.2 Hz), 158.5 (d, J=2.7 Hz), 130.6 (d, /= 4.5 Hz), 128.5 (d, J= 8.4 Hz), 128.1 (d, /= 4.6 Hz), 128.0 (d,
J=17.1Hz), 120.5 (d, J = 10.8 Hz), 120.2 (d, /= 11.0 Hz), 119.0, 114.0 (d, J = 2.4 Hz), 113.1, 55.1, 43.1 (d, J = 58.0
Hz), 39.1, 31.3 (d, J = 58.0 Hz), 30.9 (d, J = 62.9 Hz), 19.3 ppm; *'P NMR (121 MHz, CDCl;): § = +50.0 ppm; IR
(neat): 2932, 1723, 1610, 1513, 1468, 1269, 1256, 920, 850, 738, 615 cm™; HRMS (ESI): C,;H,NOsP [M+H]" calcd:

372.1723, found: 372.1731.

O P(Ojallyl,
&

Colorless oil; 96% yield; 94% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow

Clgc
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rate = 1.0 mL/min, tyinor = 14.6 min, tygjor = 15.6 min); [a]"p=-63.4 (c = 1.10, CHCl;); '"H NMR (300 MHz, CDCly): 6
=7.45(dd, J= 8.8, 2.1 Hz, 2H), 7.34 (d, J= 8.6 Hz, 2H), 7.25 (t, J = 2.3 Hz, 2H), 6.26 (t, J = 2.4 Hz, 2H), 6.10 — 5.92
(m, 1H), 5.71 — 5.53 (m, 1H), 5.40 — 4.96 (m, 4H), 4.16 (dd, /= 17.6, 8.0 Hz, 1H), 3.42 (dd, J= 17.6, 4.3 Hz, 1H), 2.84
—2.66 (m, 2H), 2.30 — 2.15 (m, 2H), 1.86 (d, J = 16.4 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): 6 = 166.4 (d, J = 16.8
Hz), 137.5 (d, J = 4.5 Hz), 133.2 (d, J = 3.4 Hz), 128.7 (d, J = 2.5 Hz), 128.4 (d, J = 4.5 Hz), 128.2 (d, J = 8.5 Hz),
127.5 (d, J= 8.3 Hz), 120.7 (d, /= 10.9 Hz), 120.5 (d, /= 11.1 Hz), 118.9, 113.3,43.4 (d, J = 56.5 Hz), 39.2, 31.3 (d, J
=58.8 Hz), 30.9 (d, J = 62.8 Hz), 19.1 ppm; *'P NMR (121 MHz, CDCl;): § = +49.1 ppm; IR (neat): 2981, 1723, 1635,
1469, 1361, 1272, 1162, 1121, 921, 851, 741 cm™'; HRMS (ESI): C5H,;CINO,P [M+H]" calcd: 376.1228, found:

376.1235.

0] P(O)allyl,

4d

Colorless oil; 93% yield; 94% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 21.2 min, tygjor = 15.9 min); [a]"p=-81.0 (c = 1.12, CHCl,); "H NMR (300 MHz, CDCls): 0
=791 (s, 1H), 7.88 — 7.77 (m, 3H), 7.68 (d, J = 8.7 Hz, 1H), 7.54 — 7.41 (m, 2H), 7.30 (s, 2H), 6.25 (t, J = 2.4 Hz, 2H),
6.12 -5.92 (m, 1H), 5.72 — 5.55 (m, 1H), 5.39 — 4.90 (m, 4H), 4.33 (dd, J = 17.6, 8.1 Hz, 1H), 3.57 (dd, J = 17.6, 4.4
Hz, 1H), 2.93 — 2.60 (m, 2H), 2.26 (dd, J = 13.7, 7.5 Hz, 2H), 2.02 (d, J = 16.4 Hz, 3H) ppm; *C NMR (75 MHz,
CDCLy): 6 =166.5 (d, J=17.1 Hz), 136.3 (d, /=4.9 Hz), 133.1 (d, /= 2.6 Hz), 132.2 (d, /= 2.1 Hz), 128.4 (d, J=2.0
Hz), 128.1° (d, J = 8.3 Hz), 128.17, 127.7 (d, J = 8.6 Hz), 127.5 (d, J = 1.1 Hz), 126.3, 126.2, 126.1° (d, J = 4.5 Hz),
124.8 (d, J=3.4 Hz), 120.8 (d, /= 11.0 Hz), 120.5 (d, /= 10.9 Hz), 119.0, 113.2,44.0 (d, /= 56.7 Hz), 39.3,31.2 (d, J
=58.7 Hz), 30.9 (d, J = 62.7 Hz), 19.3 ppm; *'P NMR (121 MHz, CDCl;): § = +50.3 ppm; IR (neat): 2980, 1723, 1634,
1468, 1363, 1272, 1162, 1121, 919, 736, 610 cm™; HRMS (ESI): C,,H,NO,P [M+H]" caled: 392.1774, found:

392.1763.

O P(Ojallyl,

Cy e
= 4e

Colorless oil; 90% yield; 98% ee determined by HPLC on a Chiralpak AD-H column (hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, tyinor = 7.9Min, tyajor = 6.7 min); [a]"p=+5.8 (c = 1.03, CHCl3); From Z substrate, 95% yield; -97%
ee; [a]"p=-6.4 (c = 1.09, CHCl;); '"H NMR (300 MHz, CDCls): § = 7.36 (s, 2H), 6.29 (t, J = 2.4 Hz, 2H), 6.04 — 5.85

(m, 2H), 5.34 — 5.16 (m, 4H), 3.32 (dd, J = 16.3, 9.5 Hz, 1H), 3.08 (dd, J = 16.3, 12.4 Hz, 1H), 2.91 — 2.61 (m, 4H),
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1.97 — 1.70 (m, 2H), 1.54 — 1.22 (m, 4H), 1.37 (d, J = 15.6 Hz, 3H), 0.89 (t, J = 7.1 Hz, 3H) ppm; *C NMR (75 MHz,
CDCly): 6 = 168.1 (d, J = 11.2 Hz), 128.5 (d, J = 8.6 Hz), 128.4 (d, J = 8.5 Hz), 120.2° (d, J = 11.0 Hz), 120.2° (d, J =
10.9 Hz), 119.2, 113.3, 39.8 (d, J = 60.7 Hz), 37.0, 34.5, 31.8 (d, J = 58.9 Hz), 31.5 (d, J = 58.8 Hz), 26.2 (d, /= 5.7
Hz), 23.2, 20.7, 13.8 ppm; 3p NMR (121 MHz, CDCl;): 0 = +52.1 ppm; IR (neat): 2958, 1715, 1635, 1469, 1272,

1163, 1117, 1071, 921, 846, 745, 618 cm™; HRMS (ESI): C,3H,sNO,P [M+H]" caled: 322.1930, found: 322.1937.
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HPLC results

G P(Ojallyl,
Ph Ph

3a
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

1o0]
o.scr:
5 60|
e i
oo
0.20-
000 - o AN
‘ 2.‘00 ‘ ‘ 4.60 ‘ ‘ 6.60 ‘ ‘ 8.‘00 ‘ ‘ 10}00 ‘ ‘ 12.‘00 ‘ ‘ 14‘.00 ‘ ‘ 16}00 ‘ ‘ 18.‘00 ‘
Minutes
Name Retention Time  Area % Area Height
1 12.604 26021791 49.99 1143854
2 13.993 26028727 50.01 1015798
1.40{
120 i
1.00{
0.80;
2
0.60*7
0.40{
0.20{ gN?_
] p
0.007 -~ 7 +\
‘ ‘ 2.‘00 L ‘ 4.‘00 ‘ ‘ ‘ 6.‘00 L ‘ 8.‘00 ‘ ‘ ‘ 10.‘00‘ ‘ ‘ 12ﬁ00 ‘ L 14‘.00 ‘ ‘ ‘ 16‘.00 ‘
Minutes
Name Retention Time  Area % Area Height
1 12.871 29491205 99.36 1401036
2 14.482 189248 0.64 10200
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O P(O)allyl,
Ph

Br
3b

HPLC using an As (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

T T T
10.00

T T T T T T T T T — T T — T T T
15.00 20.00 25.00 30.00

Minutes
Name Retention Time  Area % Area Height
1 11.984 13074669 46.50 91251
2 18.174 15040359 53.50 49114

0.50{
O.4UE
0.30;
2 ]
0.20{
O.1UE
0.0UE -
0.00 5.‘00 ‘ 10‘.00 ‘ ‘ 15&]0 ‘ ‘ZOﬁOU o ‘25ﬁ00 o ‘30ﬁ00 o ‘35ﬁ00 T 40.0C
Minutes
Name Retention Time  Area % Area Height
1 12.082 3278198 2.09 32531
2 17.443 153504631 97.91 548075
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O P(O)allyl,
Ph
Cl
3c
HPLC using an AS (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
0.35
0.3té
0.25;
o.zté
2
0.15-]
0.1trf
o.osé ’k
o.owfw— yA
0.00 o 5.‘00 ‘ 10ﬁ00 o 15.‘00 L 20‘.00 o 25‘.00 o 30ﬁ00 L 35‘.00
Minutes
Name Retention Time  Area % Area Height
1 12.118 51061177 45.97 345969
2 17.977 60015705 54.03 201624
0.20{
0.15{
>
0.10*7
o.o&:
o.ocr:‘ K
0.00 o 5.60 o 10.‘00 o 15‘.00 s ‘20‘.00 s ‘25ﬁ00 o ‘30‘.00 o 35ﬁ00 T 40.‘00
Minutes
Name Retention Time  Area % Area Height
1 12.541 712322 1.12 6874
2 18.291 62920285 98.88 217679
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O P(O)alyl,
Ph

OMe

3d
HPLC using an AS (n-Hexane/iPrOH=80/20, flow rate 1.0 mL/min)
1.00{ N
0.80;
0.60;
2] g
0.40*: Q
0.20;
0.00-] 7
0.00 5.‘00 10‘.00 15.‘00 20}00 25‘.00 30.‘00 35}00
Minutes
Name Retention Time  Area % Area Height
1 8.725 109285754 51.20 1076204
2 18.226 104173139 48.80 330616
] A
] &
0.30-| &
5 0.20
<]
0.10] ©
] ©
4 (=2}
0‘007: S 7/{—\\/7
0.00 T 5.‘00 ‘ ‘ ‘10‘.00‘ ‘ ‘15‘.00‘ o ‘20‘.00‘ o ‘25.‘00‘ ‘30.‘00‘ o ‘35.‘00 ‘ ‘40.‘00‘
Minutes
Name Retention Time  Area % Area Height
1 9.658 1699976 1.18 17277
2 20.285 142266606 98.82 381393
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O P(O)allyly
Ph

3e
HPLC using an AS (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

AU

0,00 S 7N
. -t

0.00 2.00 4.00 6.00 8.00 1000 1200 1400 16.00 18.00 20.00 2200 2400 26.00 28.00 30.00

Mnutes
Name Retention Time  Area % Area Height
1 10.719 68967113 47.72 550608
2 15.850 75566915 52.28 295827

AU

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 2400 26.00 28.00 30.00

Minutes
Name Retention Time  Area % Area Height
1 11.739 2347983 2.08 22572
2 16.332 110793648 97.92 463180
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O  P(Ojallyl,
Ph =
0/
3f
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
] 3
1.00*7 :
0.80;
0.6(%7
2
o
0.20;
0.0(%7 - A AN
0.00 2.60 4.00 6.00 ‘ 8.‘00 ‘ ‘ 10‘.00 ‘ ‘ 12‘.00 o 14.‘00 ‘ ‘ 16.‘00 ‘
Minutes
Name Retention Time  Area % Area Height
1 12.255 23736844 49.95 1070205
2 14.244 23785498 50.05 886362
0.80;
0.60;
2
0.40-
0.20; ©
| ¥
0.00- - pEa
0.00 ‘ 2(‘)0 4.‘00 ‘ 6.‘00 ‘ 8.‘00 ‘ ‘ 10‘.00 ‘ 12ﬁ00 ‘ ‘ 14‘.00 o 16‘.00 ‘
Minutes
Name Retention Time  Area % Area Height
1 12.236 19356854 98.75 888682
2 14.296 245481 1.25 11726
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(0]
Ph

3g

HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

AU

AU

P(O)allyl,

1.80-|
1.60
1.40- 5
] ©
i o
1.201 ¢
1.00
0.80
0.60]
0.40
0.20]
0.00
1 AN AN AN AN
5.00 10,00 15.00 2000 25,00 000 35,00
Minutes
Name Retention Time  Area % Area Height
1 21.192 77426809 50.16 1810261
2 30.597 76934418 49.84 1142390
0.60-|
0.50|
0.40-|
0.30-|
0.20]
B ©
0.10] N
1 8
1 o .
0.007 - - - /N VANBEVAN
5.00 10,00 15,00 2000 2500 30,00 35.00
Minutes
Name Retention Time  Area % Area Height
1 20.621 23903013 97.79 593108
2 30.718 539319 2.21 10311
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Ph

3h

HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

AU

AU

P(O)allyl,

1.00 ©
] S
] e
0.80
060
0.40-
0201
0.00 L N A
200 200 e 8.00 000 1200 1400 1600 1800 2000
Minutes
Name Retention Time  Area % Area Height
13.412 24721071 50.06 1040508
15.006 24666105 49.94 809860
0.60
0.501
0.40
0.30
0.20]
0.10] §_
] e
0.001 - : ~ON
2.‘00 4.60 ‘ 6.‘00 8.60 ‘ 10‘.00 ‘ ‘ 12ﬁ00 ‘ ‘ 14ﬁ00 ‘ ‘ 16‘.00 ‘ ‘ 18ﬁ00 ‘
Minutes
Name Retention Time  Area % Area Height
13.706 351175 2.20 16383
15.347 15598847 97.80 575184
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O P(Ojallyl,
Ph iBu
3i
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
1.40
] ©
] 8
1.20-] o
1.00]
5 0.80]
< 1
0.60]
0.40]
0.20]
0.001 2 ~
200 4.00 6.00 8.00 1000
Minutes
Name Retention Time  Area % Area Height
1 7.365 18606356 49.66 1495558
2 9.806 18860132 50.34 1092304
2.50j
200
1.50{
2 ]
1.00{
o.str: 2
000 7~ ﬁ\
1.00 2.60 ‘3.(‘)0 4.00 ‘5.;30‘ o ‘6.‘00‘ o ‘7.60‘ . ‘8.60‘ o ‘9.(‘)0‘ . ‘10‘.00‘ o ‘11‘.00‘ ‘
Minutes
Name Retention Time  Area % Area Height
1 7.341 33804548 96.33 2473294
2 9.775 1287948 3.67 88857

S24




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

O P(Ojallyl,
Ph iPr
3j
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

1 50-
1.00]
2 4
< .
050
0.00-
400 200 300 400 500 600 1000 1100
Minutes
Name Retention Time  Area % Area Height
1 7.739 23282759 49.55 1791218
2 8.277 23708242 50.45 1593194
0.80]
0.60]
o
< 0.40
0.20
0.00
100 200 300 400 500 00 7.0
Minutes
Name Retention Time  Area % Area Height
1 7.671 10950553 95.24 832106
2 8.303 547817 4.76 42310
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O  P(Ojalyl,
Ph
F

3k
HPLC using an AS (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

0.12
0.10
0.08
= ]
< 0.06
0.04
002
0.00 — yAN
0.00‘ ‘ ‘2.‘00‘ ‘ ‘4.‘00‘ ‘ ‘6.‘00‘ ‘ ‘8.‘00‘ ‘ ‘10.‘00‘ ‘ ‘12‘.00‘ ‘ ‘14.‘00‘ ‘ ‘16‘.00‘ ‘ ‘18.‘00‘ ‘ ‘ZOﬁOO‘ ‘ ‘22‘.00‘ ‘ ‘24ﬁ00‘
Minutes
Name Retention Time  Area % Area Height
1 9.319 13351926 50.11 129778
2 15.994 13294194 49.89 58833
1.00; <
] e
4 ™
0.80] -
0.60
2]
0.40{
: o
020 5
4 o
0.00- ”ﬁ, Ay
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Minutes
Name Retention Time  Area % Area Height
1 9.076 2404455 1.18 37479
2 13.504 201726555 98.82 1047633
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O P(Ojalyl,
S Ph
\
31
HPLC using an OJ-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
040 S
] 2
0.30 3
] 3
2 |
0.20-|
0.10;
0.00; ~
‘ 2.‘00 S 4.‘00 S 6.‘00 Y 8.‘00 o ‘10ﬁ00‘ ‘ ‘12ﬁ00‘ ‘ ‘14ﬁ00‘ ‘ ‘16‘.00‘ ‘ ‘18‘.00‘ ‘ ‘20‘.00‘ ‘22ﬁ00
Minutes
Name Retention Time  Area % Area Height
1 10.519 23757642 50.93 467140
2 14.639 22891545 49.07 242354
0,60
0.50{
0.40-
2
030
0.20{
0.10] 3
] o
b e
0.00-] — — :
200 400 6.00 8.00 10,00 1200 1400 16,00 1800 2000 200
Minutes
Name Retention Time  Area % Area Height
1 10.329 32118814 99.06 641873
2 15.939 303279 0.94 3572
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0 P(O)ally,
Bu Ph

3m
HPLC using an AS (n-Hexane/iPrOH=95/5, flow rate 1.0 mL/min)

0.50;
] S Q
1 @ pd
0.40*7 -
030
2
020
0.10
o.otr:_K — JAN
© 200 a0 ebo b0 00 120 4o 1600
Minutes
Name Retention Time  Area % Area Height
1 9.005 26063395 42.02 516900
2 10.523 35963883 57.98 495495
1,0(; )
0.8[%7
0.60;
2
0.4(%7
0.20;
0.00-| /\N —+ ~
‘ 2.‘00 ‘ ‘ ‘ 4.‘00 ‘ ‘ ‘ 6.‘00 ‘ ‘ ‘ S.BO ‘ ‘ ‘ 10.‘00‘ ‘ ‘ 12‘.00 ‘ ‘ ‘ 14‘.00 ‘ ‘ ‘ 16}00 ‘ ‘ ‘ 18‘.00
Minutes
Name Retention Time  Area % Area Height
1 9.219 184167 0.25 7287
2 10.334 74277683 99.75 1043070
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O P(Oallyl,
Et Ph
3n
HPLC using an AS (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
0.6&7
050 5
] S
4 N
0.40 N
=) 0.3&7
<]
0.2(%:
0.10]
0.0W: A
‘200 400 e00 800 1000 1200 1400 1600 1800 2000
Minutes
Name Retention Time  Area % Area Height
1 8.903 30462978 48.04 577241
2 12.050 32952935 51.96 382925
0.80-
] 8
0.60-
2 0.40
0.20
) 0
1 N
i (=2}
0.00 \’F\L‘*i A
200 400 600 "800 1000 200 oo 1600 1800 2000
Minutes
Name Retention Time  Area % Area Height
1 9.218 327726 0.47 8212
2 11.901 70026919 99.53 806822
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Bu

30

O P(O)allyl,
iPr

HPLC using an AD-H (n-Hexane/iPrOH=95/5, flow rate 1.0 mL/min)

AU

AU

0.40;
0.30;
0.20;
0.10;
0.00; A JAN
‘5.‘50‘ 6.00 ‘6.‘50 760 o 7.‘50‘ 8.00 ‘8.‘50‘ o ‘9.‘00‘ o ‘9.‘50‘ o ‘10.‘06 ‘ ‘10‘.50‘ o "H‘.OC‘I o ‘11.‘56 o ‘12‘.0(‘) o ‘12‘.50
Minutes
Name Retention Time  Area % Area Height
1 8.790 5859818 46.36 420583
2 9.2717 6779868 53.64 394429
0.40{
0.30;
0.20;
0.10;
0.00;
- 6‘50 o ‘7.‘00 7.50 o 8.00 ‘8.‘50‘ B ‘9.‘00‘ o ‘9.‘50‘ o ‘10.‘00‘ ‘ ‘10‘.50‘ o ‘11‘.00‘ o ‘11.‘50‘ B ‘12.‘00‘
Minutes
Name Retention Time  Area % Area Height
8.838 5794150 97.85 402671
2 9.403 127496 2.15 9608
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O P(Ojallyl,

Ph Ph
Et

3p
HPLC using an OJ-H (n-Hexane/iPrOH=95/5, flow rate 1.0 mL/min)

1.20—:
1.00—:
0.80—:
2 o.so—:
0.40—:
0.20—:
000 N
2.00 4.00 600 8.00 10,00 12100 14100 16.00 18100 20100
Minutes
Name Retention Time  Area % Area Height
1 9.322 71192167 49.31 1188509
2 11.657 73183031 50.69 691285
O.G(fi
] &
] o
0.50]
o.4(r:
5 ]
< 0307
0.2(%:
0:10] g
] N
0.00] N
2 ‘00 4‘00 ‘ 6‘00 8‘00 ‘ 10}00 o 12‘.00 ‘ ‘ 14}00 o 16}00 ‘ ‘ 18‘.00
Minutes
Name Retention Time  Area % Area Height
1 9.378 38107992 95.54 618334
2 12.784 1779740 4.46 15887
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O  PO)EL
Ph Ph
3q
HPLC using an OJ-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
080
060 -
] 3
) ) =)
O e
0.40-
020
0.0 ] N A JAN
200 400 600 800 1000 1200 1400 1600
Minutes
Name Retention Time  Area % Area Height
1 7.446 35104961 50.94 939282
2 10.331 33808714 49.06 409327
2.40
220 £
2.0(rf ®
1.80
1.60
1.4(rf
2 1.20
1.00
0.80]
0.60
0.40-
] 3
0.20 2
0.00] A YAy | yaN
2.‘00 4.‘00 6.‘00 ‘ 8.‘00 ‘ ‘ 10‘.00 ‘ ‘ ‘ 12.‘00 ‘ ‘ 14ﬁ00 ‘
Minutes
Name Retention Time  Area % Area Height
1 6.875 106147372 99.54 2354015
2 10.980 486335 0.46 8402
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O  P(O)Bu
Ph Ph
3r
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
] 3
] <
200 S
150
2 ]
1.00-
0.50-|
o.oo—: —
200 400 6.00 " 800 1000 1200
Minutes
Name Retention Time  Area % Area Height
1 8.070 31777093 48.59 2204004
2 10.464 33623088 51.41 1829774
2507
2.00{
1.50;
27
100
0.50-| >
] &
o e N & =
2.‘(1) ‘ ‘ 4.‘00 ‘ ‘ ‘ 6.‘(1) ‘ ‘ ‘ 8.‘00 ‘ ‘ ‘ 10‘.00 ‘ ‘ ‘ 12.‘00 ‘ ‘ 14‘.00
Minutes
Name Retention Time  Area % Area Height
1 8.142 46960891 99.31 26454717
2 10.649 327421 0.69 20295
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O P(Ojallyl,
o
4a
HPLC using an OJ-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)
0.80
0.60-|
7 <t
1 <
<3( 0.40— e
0.20
0.00 AN
0.00 200 400 6.00 800 1000 1200 140 1600
Minutes
Name Retention Time  Area % Area Height
1 7.827 30533051 49.66 778118
2 10.464 30952613 50.34 342295
0.60—
5 040
0.20
| 5
0.00 yay }
0.00 200 400 600 's00 1000 1200 1400 1600 180 2000 2200
Minutes
Name Retention Time  Area % Area Height
1 7.560 27840568 99.78 753550
2 11.011 61746 0.22 1906
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O  P(Ojallyly
OMe

-
4b

HPLC using an As (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

00
060
i ~
> ] 3
< 1 <
0.40- N
020
000 e
000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Minutes
Name Retention Time  Area % Area Height
1 13.135 137181310 51.17 908757
2 26.937 130882962 48.83 361551
0.35
] 2
0.301 @
4 N
0.25
0.20%
2
0.15
0.10%
] [=2]
] | >
0.05- ¥
0.005 N
b - . = . - ‘A‘ . - - . B S
0.00 5.(‘)0 10‘.00 15.‘00 ZOﬁOO 25‘.00 30‘.00 35.‘00 40ﬁ00 45‘.00 50.‘00
Minutes
Name Retention Time  Area % Area Height
1 14.349 2484268 2.09 20012
2 27.810 116514951 97.91 339537
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O P(O)allyl,
&

4c
HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

Cl

i 2
0.80 Lo
0.60-
S i
2 ,
0.40-
0.20-
0007 I AN
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Minutes
Name Retention Time  Area % Area Height
1 14.148 22689977 49.41 912514
2 15.081 23227245 50.59 709267
0.40-
030
2 020
010-
oo}
] S
1 3
0.00- ~No
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Minutes
Name Retention Time  Area % Area Height
1 14.628 427375 3.12 18078
2 15.554 13249420 96.88 402993
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AU

AU

O

P(O)allyl,
Sanse
4d

HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

2.0(%7 Q
7 e
i &
150
1.orr:
o.sm:
0.00: - - -~ / \ A\ /
5.00 1000 1500 2000 2500 3000
Minutes
Name Retention Time  Area % Area Height
15.440 59039093 49.32 2061191
20.028 60671372 50.68 1631041
0.80
0.60
0.40
0.20
i 3
] S
0.00 A A\L
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Minutes
Name Retention Time  Area % Area Height
15.871 28014889 96.92 822476
21.164 891133 3.08 23436
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O  P(O)allyl,

@ - 4e

HPLC using an AD-H (n-Hexane/iPrOH=90/10, flow rate 1.0 mL/min)

From Z-5e:
2.001
150
3 1.00+q
0.50
o A
1 ‘00 2 ‘00 3 ‘00 4,‘00 5,‘00 6. ‘UU 7. ‘00 8. ‘00 9. ‘00 10‘00
Minutes
Name Retention Time  Area % Area Height
1 6.704 536497 1.64 47597
2 7.930 32195468 98.36 2160587
O P(Ojallyl,
From E-Se:
ZOOt
150
2 10(;
050:
0.001 e —
1‘00 2‘00 G‘DD‘ o ‘A‘OD‘ o ‘500 9‘00‘ ‘10‘00‘ o
Minuts
Name Retention Time  Area % Area Height
1 6.669 24715906 98.90 1987575
2 7.945 274047 1.10 16645
1.80 ©
1 8
1.60 ~
140%
12(%5
1mrf
2 0.80]
0.60]
0.40]
0.20-]
0007 e - AR Fx ~
‘1‘00‘ o ‘2‘00‘ o ‘3‘[?0‘ o ‘4‘00‘ o ‘S‘Dﬂ‘ o ‘6‘00‘ ' ‘7‘00‘ o ‘B‘OO‘ o ‘9‘00‘
Minutes
Name Retention Time  Area % Area Height
1 6.675 21244250 48.96 1732522
2 7.938 22147292 51.04 1495482
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Copies of NMR spectra
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