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General information

All catalytic reactions were performed under inert atmosphere using standard
Schlenk techniques. Unless stated otherwise, all commercially available reagents were
used without further purification. Dry solvents were prepared according to standard
procedures and kept in the glove box after degassing. Bis(4-methylphenyl) phosphine,
bis(4-methoxyphenyl) phosphine, bis(4-fluorophenyl) phosphine, bis(4-chlorophenyl)
phosphine, di(naphthalen-2-yl) phosphine were synthesized according to reported
methods!. Column chromatography was performed using silica gel (100-200 mesh).
Visualization of the compounds was accomplished with UV light (254 nm) or basic
KMnO4. 'THNMR, *'P NMR, °F NMR and '*C NMR spectra were recorded on a Bruker
Avance III instrument (600 MHz, 243 MHz, 565 MHz and 150 MHz, respectively).
Proton chemical shifts are reported relative to the residual proton signals of the
deuterated solvent CDCIl; (7.26 ppm) referenced to the deuterated solvent signals in
CDCI3 (77.1 ppm). Chemical shifts are reported in ¢ (parts per million) values.
Coupling constants J are reported in Hz. Proton coupling patterns were described as
singlet (s), doublet (d), triplet (t), quartet (q), multiple (m). HRMS was measured on a
Thermo Scientific Q Exactive HF Orbitrap-FTMS and Aglient 7250 & JEOL-JMS-
T100LP AccuTOF apparatus.



Evaluation of the manganese catalysts

Table S1. Evaluation of the manganese catalysts ?

OH [Mn] (1.0 mol%) OH
KOtBu (50 mol%)
+ OH + HPPh, ————————/» )\'/\/‘\
Ph)\o & 2 mOH oml) Ph PPh, + HO/\/.\PPhZ

1a 2a 3a 100°C, 15 h 4 72
Entry Catalyst 1a (%) Yield of 4 (%) Yield of 72 (%)
1 [Mn] 1 94 8
2 Mn-1 >99 <1 <1
3 Mn-2 85 7 44
4 Mn-3 50 42 26
5 Mn-4 88 5 17
R s Nl N Nt
N | peh, %PPM N$N, COpPh,  NSN, Brippr, SN, COpPh,
<P«'\"‘“~C Pr“/"rj—co HN\P,Mn}co HN\P,.,Mn'!co HN\P,Mn';co
Ph, CO Ph, co th éo Pr2 (‘:O Ph, éO
[Mn] Mn-1 Mn-2 Mn-3 Mn-4

“ Condition: 1a (0.5 mmol), 2a (0.6 mmol), 3a (0.6 mmol), Catalyst (1.0 mol%), KOzBu (50 mol%),
and +~AmOH (1.0 mL) in a sealed tube stirred at 100 °C for 15 h. Yields were determined by 'H-

NMR analysis using mesitylene as an internal standard.



General procedure for preparation of e-hydroxy phosphine

[Mn] (1.0 mol%) OH 3 OH R3

OH R4 KOtBu (50 mol%) Sg (1.5 equiv)
+ + HPAr 0 A S b .S
RWJ\'/RZ Ri/\/OH > T £AmOH (1.0 mL) R1WPN2 t,1.0 h RWWP
1

100 °C, 15 h R? R Rz Rt Ar2
2 3

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%). Dry and degassed ¢-
AmOH (1.0 mL) and KO7Bu (50 mol%) were added and stirred at room temperature
for 5.0 min. Then 2 (0.6 mmol, 1.2 equiv), secondary phosphine 3 (0.6 mmol, 1.2 equiv)
and 1 (0.5 mmol, 1.0 equiv) were added in sequence. The tube was brought out of the
glovebox and heated at 100 °C for 15 h. Upon reaction completion, Sg (0.75 mmol, 1.5
equiv) was added and further stirred at room temperature for 1.0 h in N> atmosphere.
The mixture was purified by column chromatography on silica gel (100-200 mesh)

using PE/ EA as an eluent to afford final product.



Characterization data of the isolated products

(5-Hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-4)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-4 (169.1 mg, 87%)
as white oil. "H NMR (600 MHz, CDCl3) 6 = 7.85 — 7.74 (m, 4H), 7.52 — 7.41 (m, 6H),
7.35 —7.23 (m, 5H), 4.64 — 4.60 (m, 1H), 2.47 — 2.36 (m, 2H), 1.88 — 1.74 (m, 2H),
1.72 — 1.59 (m, 3H), 1.55 — 1.45 (m, 1H), 1.44 — 1.34 (m, 1H). >*C NMR (150 MHz,
CDCl3) 0 = 144.6, 133.14 (d, J = 80.3 Hz), 133.06 (d, /= 79.9 Hz), 131.5 (d, J = 3.1
Hz), 131.11 (d, J=10.0 Hz), 131.09 (d, /= 10.0 Hz), 128.7 (d, J=12.1), 128.5, 127.6,
125.8,74.2,38.4,32.5 (d, J=56.8 Hz), 26.7 (d, J = 16.8 Hz), 22.1 (d, J = 2.5 Hz).*'P
NMR (243 MHz, CDCls) 6 = 42.6. HR-MS (ESI) m/z calcd for C23H26OPS [M + H] *
381.1437, found 381.1438.

(5-Hydroxy-5-(p-tolyl) pentyl) diphenylphosphine sulfide ([S]-5)

The procedure was followed using 1-(p-tolyl) ethan-1-ol (0.5 mmol, 68.1 mg), allylic
alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-5 (167.1 mg, 85%)
as white oil. *H NMR (600 MHz, CDCls) & = 7.84 — 7.76 (m, 4H), 7.51 — 7.40 (m, 6H),
7.18 — 7.10 (M, 4H), 4.60 — 4.55 (m, 1H), 2.45 — 2.38 (m, 2H), 2.33 (s, 3H), 1.85 (s,
1H), 1.81 — 1.72 (m, 1H), 1.71 — 1.59 (m, 3H), 1.56 — 1.46 (m, 1H), 1.40 — 1.30 (m,
1H). 3C NMR (150 MHz, CDCl3) 6 = 141.6, 137.3, 133.2 (d, J = 80.4 Hz), 133.1 (d, J



=80.2 Hz), 131.5 (d, J = 3.1 Hz), 131.1 (d, J = 9.9 Hz), 131.0 (d, J = 10.1 Hz), 129.2,
128.7 (d, J = 12.1 Hz), 125.8, 74.0, 38.4, 32.5 (d, J = 56.4 Hz), 26.8 (d, J = 16.8 Hz),
22.1 (d, J = 2.6 Hz), 21.2. 3P NMR (243 MHz, CDCl3) 6 = 42.6. HR-MS (ESI) m/z
calcd for C24H280PS [M + H] ™ 395.1593, found 395.1590.

(5-Hydroxy-5-(4-methoxyphenyl) pentyl) diphenylphosphine sulfide ([S]-6)

OH
_S
P
Ph,
MeO

The procedure was followed using 1-(4-methoxyphenyl) ethan-1-ol (0.5 mmol, 76.1
mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-6 (170.3
mg, 83%) as white oil. '"H NMR (600 MHz, CDCl3) 6 = 7.81 — 7.75 (m, 4H), 7.50 —
7.39 (m, 6H), 7.19 — 7.14 (m, 2H), 6.84 — 6.80 (m, 2H), 4.54 — 4.49 (m, 1H), 3.76 (s,
3H), 2.44 — 2.34 (m, 2H), 2.23 (s, 1H), 1.79 — 1.68 (m, 1H), 1.69 — 1.56 (m, 3H), 1.51
— 1.41 (m, 1H), 1.36 — 1.28 (m, 1H). 13C NMR (150 MHz, CDCl3) § = 159.0, 136.8,
133.1 (d,/J=79.5 Hz), 133.0 (d, J=79.8 Hz), 131.5 (d, /=2.9 Hz), 131.1 (d, J=10.2
Hz), 131.0 (d, J=10.0 Hz), 128.7 (d, /= 12.0 Hz), 127.1, 113.8, 73.7, 55.3, 38.4,32.4
(d,J=56.6 Hz), 26.8 (d, J=16.9 Hz), 22.1 (d,J=2.7 Hz). *'PNMR (243 MHz, CDCl5)
0 = 42.6. HR-MS (ESI) m/z caled for C24H260PS [M + H — H20] * 393.1436, found
393.1435.

(5-Hydroxy-5-(4-(methylthio) phenyl) pentyl) diphenylphosphine sulfide ([S]-7)

OH
_S
P
Ph,
MeS

The procedure was followed using 1-(4-(methylthio) phenyl) ethan-1-o0l (0.5 mmol,
84.2 mg), allylic alcohol (0.6 mmol, 42 L) and diphenylphosphine (0.6 mmol, 105 xL)
stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature

for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-7 (180.1



mg, 85%) as yellow oil. 'H NMR (600 MHz, CDCls) 6 = 7.97 — 7.66 (m, 4H), 7.61 —
7.34 (m, 6H), 7.23 — 6.99 (m, 4H), 4.63 — 4.35 (m, 1H), 2.52 (s, 1H), 2.42 (s, 3H), 2.41
—2.34 (m, 2H), 1.75 — 1.65 (m, 1H), 1.64 — 1.55 (m, 3H), 1.48 — 1.38 (m, 1H), 1.36 —
1.29 (m, 1H). 3C NMR (150 MHz, CDCLy) 6 = 141.6, 137.3, 133.1 (d, J = 79.0 Hz),
133.0 (d, J=79.8 Hz), 131.5 (d, J=2.9 Hz), 131.1 (d, J= 10.6 Hz), 131.0 (d, /= 10.2
Hz), 128.7 (d, J= 11.9 Hz), 126.6, 126.5, 73.5, 38.4, 32.4 (d, J = 56.7 Hz), 26.7 (d, J =
16.7 Hz), 22.1 (d, J = 2.4 Hz), 16.0. 3'P NMR (243 MHz, CDCls) 6 = 42.6. HR-MS
(ESI) m/z caled for Ca4HagPS: [M + H — H>0] * 409.1208, found 409.1201.

(5-(4-(tert-Butyl) phenyl)-5-hydroxypentyl) diphenylphosphine sulfide (|S]-8)

The procedure was followed using 1-(4-(fert-butyl) phenyl) ethan-1-o0l (0.5 mmol,
89.2 mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-8 (175.7
mg, 81%) as white oil. '"H NMR (600 MHz, CDCl3) 6 = 7.83 — 7.74 (m, 4H), 7.47 —
7.37 (m, 6H), 7.34 — 7.29 (m, 2H), 7.20 — 7.15 (m, 2H), 4.58 — 4.46 (m, 1H), 2.45 —
2.36 (m, 2H), 2.25 (s, 1H), 1.79 — 1.69 (m, 1H), 1.67 — 1.56 (m, 3H), 1.55 — 1.44 (m,
1H), 1.42 — 1.34 (m, 1H), 1.29 (s, 9H). *C NMR (150 MHz, CDCls) § = 150.4, 141.7,
133.2(d,J=79.7 Hz), 133.1 (d, J=79.7 Hz), 131.5 (d, /= 3.0 Hz), 131.2 (d, /= 10.1
Hz), 131.1 (d, /= 10.3 Hz), 128.7 (d, J=11.9 Hz), 125.6, 125.4, 73.8, 38.4, 34.5, 32.5
(d, J=56.6 Hz), 31.5,26.8 (d, J=16.9 Hz), 22.1 (d, J = 2.6 Hz). *'P NMR (243 MHz,
CDCls) 6 = 42.7. HR-MS (ESI) m/z calcd for C27H340PS [M + H] ™ 437.2063, found
437.2065.

(5-(4-Fluorophenyl)-5-hydroxypentyl) diphenylphosphine sulfide ([S]-9)



The procedure was followed using 1-(4-fluorophenyl) ethan-1-ol (0.5 mmol, 70.1
mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-9 (145.6
mg, 73%) as white solid. '"H NMR (600 MHz, CDCl3) 6 = 7.82 — 7.78 (m, 4H), 7.51 —
7.47 (m, 2H), 7.46 — 7.43 (m, 4H), 7.25 — 7.22 (m, 2H), 7.01 — 6.97 (m, 2H), 4.62 —
4.58 (m, 1H), 2.44 — 2.39 (m, 2H), 1.98 (s, 1H), 1.78 — 1.73 (m, 1H), 1.68 — 1.61 (m,
3H), 1.51 — 1.45 (m, 1H), 1.40 — 1.33 (m, 1H). *C NMR (150 MHz, CDCl3) 6 = 162.1
(d,J=245.4 Hz), 140.3 (d, /= 3.0 Hz), 133.1 (d, /= 80.0 Hz), 133.0 (d, /= 79.8 Hz),
131.5(d,J=3.1 Hz), 131.1 (d, J=9.7 Hz), 131.0 (d, /= 10.4 Hz), 128.7 (d, J = 12.1
Hz), 127.5 (d,J=8.0 Hz), 115.3 (d, J=21.5 Hz), 73.5, 38.5, 32.4 (d, J=56.6 Hz), 26.7
(d, J=16.5 Hz), 22.0 (d, J=2.7 Hz). *'P NMR (243 MHz, CDCls) § = 42.6. '’F NMR
(565 MHz, CDCIl3) 6 = -115.0. HR-MS (ESI) m/z calcd for C23H2sFOPS [M + H] *
399.1343, found 399.1344.

(5-(4-Chlorophenyl)-5-hydroxypentyl) diphenylphosphine sulfide ([S]-10)

OH
.S
P
Ph,
cl

The procedure was followed using 1-(4-chlorophenyl) ethan-1-ol (0.5 mmol, 78.3
mg), allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-10 (190.8
mg, 92%) as white solid. '"H NMR (600 MHz, CDCl3) 6 = 7.81 — 7.77 (m, 4H), 7.51 —
7.47 (m, 2H), 7.46 — 7.42 (m, 4H), 7.29 — 7.26 (m, 2H), 7.22 — 7.19 (m, 2H), 4.63 —
4.56 (m, 1H), 2.45 — 2.38 (m, 2H), 2.03 (s, 1H), 1.77 — 1.70 (m, 1H), 1.66 — 1.59 (m,
3H), 1.51 — 1.42 (m, 1H), 1.40 — 1.33 (m, 1H). '*C NMR (150 MHz, CDCl3) § = 143.2,
133.0 (d, J=80.0 Hz), 132.9, 132.4 (d, J = 80.1 Hz), 131.6 (d, /=3.0 Hz), 131.1 (d, J
=9.8 Hz), 131.0 (d, /= 10.0 Hz), 128.7 (d, /= 11.9 Hz), 128.5, 127.3, 73.2, 38.5, 32.3
(d,J=56.4Hz), 26.6 (d,J=16.6 Hz),22.0 (d,J= 1.4 Hz). *'PNMR (243 MHz, CDCl5)



0 = 42.6. HR-MS (ESI) m/z caled for C23HasCIOPS [M + H] ™ 415.1047, found
415.1041.

(5-Hydroxy-5-(4-(trifluoromethyl) phenyl) pentyl) diphenylphosphine sulfide
([SI-11)

OH
//S
P
/©)\/\/\Ph2
CF3

The procedure was followed using 1-(4-(trifluoromethyl) phenyl) ethan-1-ol (0.5
mmol, 95.1 mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol,
105 pL) stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-11 (159.8 mg, 72%) as yellow oil. '"H NMR (600 MHz, CDCls) 6 = 7.80 — 7.75 (m,
4H), 7.59 — 7.50 (m, 2H), 7.49 — 7.40 (m, 6H), 7.37 — 7.32 (m, 2H), 4.66 — 4.62 (m,
1H), 2.64 (s, 1H), 2.44 — 2.36 (m, 2H), 1.74 — 1.68 (m, 1H), 1.68 — 1.59 (m, 3H), 1.48
—1.42 (m, 1H), 1.40 — 1.35 (m, 1H). *C NMR (150 MHz, CDCl3) § = 148.7, 133.0 (d,
J=280.0 Hz), 132.3 (d, /=80.1 Hz), 131.6 (d, /J=2.8 Hz), 131.1 (d, J=10.1 Hz), 131.0
(d,J=10.2 Hz), 129.5 (q, J=32.3 Hz), 128.7 (d, J=12.1 Hz), 126.1, 125.7, 125.3 (q,
J=3.7Hz), 124.2 (q,J=272.0 Hz), 73.2, 38.5, 32.3 (d, J= 56.5 Hz), 26.4 (d, J=16.3
Hz), 22.0 (d, J = 2.7 Hz).*'P NMR (243 MHz, CDCls) 6 = 42.7. ’F NMR (565 MHz,
CDCl3) 6 = -62.3. HR-MS (ESI) m/z calcd for C24H25F30PS [M + H] " 449.1311, found
449.1306.

(5-Hydroxy-5-(m-tolyl) pentyl) diphenylphosphine sulfide ([S]-12)

OH
M /S
e p”

The procedure was followed using 1-(m-tolyl) ethan-1-ol (0.5 mmol, 68.1 mg),
allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at
100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.

Purification by column chromatography (PE/EA = 5/1) yielded [S]-12 (168.0 mg, 85%)
8



as white oil. *H NMR (600 MHz, CDCls) & = 7.86 — 7.79 (m, 4H), 7.53 — 7.42 (m, 6H),
7.24 — 7.18 (m, 1H), 7.13 — 7.04 (m, 3H), 4.62 — 4.46 (m, 1H), 2.48 — 2.39 (m, 2H),
2.35 (s, 3H), 2.34 —2.20 (m, 1H), 1.81 — 1.72 (m, 1H), 1.72 — 1.58 (m, 3H), 1.56 — 1.45
(m, 1H), 1.44 — 1.32 (m, 1H). 13C NMR (150 MHz, CDCls) § = 144.6, 138.1, 133.1 (d,
J=79.6 Hz), 133.0 (d, J =80.2 Hz), 131.5 (d, J = 3.0 Hz), 131.1 (d, J = 10.1 Hz), 131.0
(d, J = 10.0 Hz), 128.7 (d, J = 12.0 Hz), 128.4, 128.3, 126.6, 123.0, 74.1, 38.5, 32.4 (d,
J =56.5 Hz), 26.8 (d, J = 16.9 Hz), 22.1 (d, J = 2.7 Hz), 21.5. 3'P NMR (243 MHz,
CDCls) 6 = 42.7. HR-MS (ESI) m/z calcd for C24H280OPS [M + H] * 395.1593, found
395.1591.

(5-Hydroxy-5-(3-(trifluoromethyl) phenyl) pentyl) diphenylphosphine sulfide
(IS]-13)

OH
CF; P//S
Ph,

The procedure was followed using 1-(3-(trifluoromethyl) phenyl) ethan-1-ol (0.5
mmol, 95.1 mg), allylic alcohol (0.6 mmol, 42 xL.) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 °C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-13 (177.2 mg, 79%) as colorless oil. 'H NMR (600 MHz, CDCl3) 6 = 7.87 — 7.70
(m, 4H), 7.57 — 7.48 (m, 1H), 7.47 — 7.34 (m, 9H), 4.62 — 4.58 (m, 1H), 2.81 (s, 1H),
2.45 —2.34 (m, 2H), 1.72 — 1.64 (m, 1H), 1.64 — 1.54 (m, 3H), 1.51 — 1.42 (m, 1H),
1.41 — 1.32 (m, 1H). *C NMR (150 MHz, CDCl3) 6 = 145.8, 133.0 (d, J = 80.0 Hz),
1323 (d, J=79.7 Hz), 131.6 (d, J= 2.8 Hz), 131.1 (d, /= 10.2 Hz), 131.0 (d, J=10.3
Hz), 130.5 (q, J = 32.1 Hz), 129.3, 128.9, 128.7 (d, J = 12.0 Hz), 125.1 (q, J = 272.9
Hz), 124.2 (q,/J=3.8 Hz), 122.6 (q, /= 3.7 Hz), 73.2, 38.6, 32.3 (d, J = 56.5 Hz), 26.5
(d, J=16.6 Hz), 22.0 (d, J = 2.6 Hz). *'P NMR (243 MHz, CDCl3) 6 = 42.7. ’F NMR
(565 MHz, CDCls) 6 = -62.3. HR-MS (ESI) m/z calcd for C24HasF3OPS [M + H] *
449.1311, found 449.1311.



(5-Hydroxy-5-(o-tolyl) pentyl) diphenylphosphine sulfide ([S]-14)
Me OH
Ere

The procedure was followed using 1-(o-tolyl) ethan-1-ol (0.5 mmol, 68.1 mg), allylic
alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 <C
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-14 (136.0 mg, 69%)
as yellow oil. *H NMR (600 MHz, CDCls) § = 7.84 — 7.75 (m, 4H), 7.48 — 7.36 (m,
7H), 7.18 — 7.14 (m, 1H), 7.13 — 7.09 (m, 1H), 7.09 — 7.05 (m, 1H), 4.84 — 4.81 (m,
1H), 2.44 — 2.36 (m, 2H), 2.24 (s, 3H), 2.04 (s, 1H), 1.74 — 1.48 (m, 5H), 1.49 — 1.37
(m, 1H). 3C NMR (150 MHz, CDCls) 6 = 142.8, 134.4, 133.2 (d, J = 79.3 Hz), 133.1
(d, J =79.9 Hz), 131.5 (d, J = 3.2 Hz), 131.1 (d, J = 10.2 Hz), 131.0 (d, J = 10.0 Hz),
130.4, 128.7 (d, J = 12.0 Hz), 127.2, 126.3, 125.2, 70.2, 37.5, 32.5 (d, J = 56.6 Hz),
26.9 (d, J = 16.7 Hz), 22.2 (d, J = 2.8 Hz), 19.2. 3P NMR (243 MHz, CDCls) 6 = 42.6.

HR-MS (ESI) m/z calcd for C24H280OPS [M + H] * 395.1593, found 395.1600.

(5-Hydroxy-5-(2-methoxyphenyl) pentyl) diphenylphosphine sulfide ([S]-15)

OMe OH

The procedure was followed using 1-(2-methoxyphenyl) ethan-1-ol (0.5 mmol, 76.1
mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-15 (141.3
mg, 69%) as white oil. *tH NMR (600 MHz, CDCls) 6 = 7.85 — 7.75 (m, 4H), 7.49 —
7.39 (m, 6H), 7.27 — 7.17 (m, 2H), 6.95 — 6.88 (m, 1H), 6.86 — 6.81 (m, 1H), 4.83 —
4.79 (m, 1H), 3.78 (s, 3H), 2.60 (s, 1H), 2.49 — 2.36 (m, 2H), 1.80 — 1.69 (m, 2H), 1.68
—1.59 (m, 2H), 1.59 — 1.50 (m, 1H), 1.47 — 1.38 (m, 1H). 3C NMR (150 MHz, CDCl5)
5 =156.4,133.3 (d, J = 79.9 Hz), 133.2 (d, J = 79.7 Hz), 132.4, 131.4 (d, J = 3.0 Hz),
131.1 (d, J = 10.1 Hz), 131.0 (d, J = 10.3 Hz), 128.6 (d, J = 11.8 Hz), 128.3, 126.8,

10



120.7, 110.5, 70.4, 55.3, 36.7, 32.6 (d, J = 56.5 Hz), 27.0 (d, J = 17.1 Hz), 22.1 (d, J =
2.7 Hz). *'P NMR (243 MHz, CDCls) 6 = 42.7. HR-MS (ESI) m/z calcd for CasH2502PS
[M + H] * 411.1542, found 411.1539.

(5-Hydroxy-5-(naphthalen-2-yl) pentyl) diphenyl phosphine sulfide ([S]-16)

The procedure was followed using 1-(naphthalen-2-yl) ethan-1-o0l (0.5 mmol, 86 mg),
allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-16 (193.8 mg, 91%)
as white solid. '"H NMR (600 MHz, CDCl3) § = 7.84 — 7.75 (m, 7H), 7.73 — 7.70 (m,
1H), 7.50 — 7.39 (m, 9H), 4.82 — 4.77 (m, 1H), 2.44 — 2.37 (m, 2H), 1.98 (s, 1H), 1.91
—1.82 (m, 1H), 1.82 — 1.73 (m, 1H), 1.72 — 1.60 (m, 2H), 1.56 — 1.47 (m, 1H), 1.45 —
1.37 (m, 1H). 3C NMR (150 MHz, CDCl3) 6 = 141.9, 133.2, 133.14 (d, J = 79.6 Hz),
133.09 (d, /= 79.3 Hz), 133.0, 131.4 (d, J = 2.9 Hz), 131.10 (d, /= 10.0 Hz), 131.08
(d,/=9.8Hz), 128.6 (d, J=12.1 Hz), 128.4, 127.9, 127.7, 126.2, 125.9, 124.6, 124.0,
74.3, 38.3,32.5 (d, J = 56.5 Hz), 26.7 (d, J = 16.7 Hz), 22.1 (d, J = 2.6 Hz).*'P NMR
(243 MHz, CDCl3) 6 = 42.5. HR-MS (ESI) m/z calcd for C27H2s0PS [M + H] *
431.1593, found 431.1583.

(5-Hydroxy-5-(naphthalen-1-yl) pentyl) diphenyl phosphine sulfide ([S]-17)

OH
_S
P
O Ph,

The procedure was followed using 1-(naphthalen-1-yl) ethan-1-ol (0.5 mmol, 86 mg),
allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 L) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-17 (204.5 mg, 95%)
as white solid. "H NMR (600 MHz, CDCls) § = 8.08 — 8.03 (m, 1H), 7.90 — 7.83 (m,
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1H), 7.83 — 7.75 (m, SH), 7.61 — 7.57 (m, 1H), 7.54 — 7.40 (m, 9H), 5.47 — 5.41 (m,
1H), 2.47 — 2.36 (m, 2H), 1.99 — 1.82 (m, 3H), 1.78 — 1.49 (m, 4H). '*C NMR (150
MHz, CDCl3) 5 = 140.2, 133.8, 133.1 (d, J=79.7 Hz), 133.0 (d, J=79.7 Hz), 131.5 (d,
J=28Hz), 131.1 (d, J = 10.0 Hz), 131.0 (d, J = 9.9 Hz). 130.3, 129.0, 128.6 (d, J =
12.0 Hz), 128.0, 126.1, 125.6, 125.4, 123.1, 122.9, 70.9, 37.6, 32.5 (d, J = 56.5 Hz),
27.0 (d, J = 16.6 Hz), 22.1 (d, J = 2.6 Hz).>'P NMR (243 MHz, CDCls) 6 = 42.6. HR-
MS (ESI) m/z calcd for Co7Ho30PS [M + H]* 431.1593, found 431.1594.

(5-Hydroxy-5-(phenanthren-9-yl) pentyl) diphenyl phosphine sulfide (|S]-18)

OH

The procedure was followed using 1-(phenanthren-9-yl) ethan-1-ol (0.5 mmol, 111
mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-18 (218.6
mg, 91%) as white solid. "H NMR (600 MHz, CDCls) § = 8.76 — 8.72 (m, 1H), 8.67 —
8.63 (m, 1H), 8.10 — 8.06 (m, 1H), 7.89 — 7.83 (m, 2H), 7.82 — 7.74 (m, 4H), 7.69 —
7.56 (m, 4H), 7.50 — 7.38 (m, 6H), 5.47 — 5.42 (m, 1H), 2.46 — 2.37 (m, 2H), 2.08 —
1.97 (m, 2H), 1.95 — 1.86 (m, 1H), 1.78 — 1.68 (m, 1H), 1.68 — 1.56 (m, 2H), 1.39 —
1.23 (m, 1H). *C NMR (150 MHz, CDCl3) 6 = 138.3, 133.1 (d, J = 79.6 Hz), 132.5 (d,
J=79.1 Hz), 131.43 (d, J= 3.0 Hz), 131.37, 131.1 (d, /= 10.1 Hz), 131.0 (d, /= 10.0
Hz), 130.8, 130.0, 129.5, 128.8, 128.6 (d, J = 11.9 Hz), 126.8, 126.69, 126.67, 126.4,
123.8,123.6, 123.4, 122.5,71.1,37.2,32.5 (d, J=56.4 Hz), 27.0 (d, /= 16.5 Hz), 22.1
(d, J = 2.6 Hz).*'P NMR (243 MHz, CDCl3) 6 = 42.6. HR-MS (ESI) m/z calcd for
C31H300PS [M + H] " 481.1750, found 481.1744.
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(5-Hydroxy-5-(pyren-4-yl) pentyl) diphenyl phosphine sulfide ([S]-19)

OH
S

p”
L

The procedure was followed using 1-(pyren-4-yl) ethan-1-ol (0.5 mmol, 123 mg),
allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-19 (213.2 mg, 85%)
as yellow solid. "H NMR (600 MHz, CDCls) 6 = 8.27 — 8.22 (m, 1H), 8.19 — 8.09 (m,
4H), 8.08 — 7.96 (m, 4H), 7.79 — 7.72 (m, 4H), 7.48 — 7.35 (m, 6H), 5.72 — 5.68 (m,
1H), 2.43 — 2.33 (m, 2H), 2.22 (s, 1H), 2.06 — 1.93 (m, 2H), 1.71 — 1.48 (m, 4H). 13C
NMR (150 MHz, CDCl3) 6 = 137.9, 133.1 (d, J = 79.6 Hz), 133.0 (d, J = 79.4 Hz),
132.9, 131.41 (d, J = 2.9 Hz), 131.38, 131.1 (d, J=10.1 Hz), 131.0 (d, J = 10.1 Hz),
130.6, 128.6 (d, /= 12.0 Hz), 127.7, 127.48, 127.46, 127.3, 126.0, 125.3, 125.1, 125.0,
124.9,124.8,123.3, 122.4,70.9, 38.4, 32.5 (d, /= 56.5 Hz), 27.0 (d, /= 16.5 Hz), 22.1
(d, J = 2.6 Hz).*'P NMR (243 MHz, CDCl3) 6 = 42.6. HR-MS (ESI) m/z calcd for
C33H2sPS [M + H — HoO] " 487.1644, found 487.1638.

(5-(Benzo|d] [1,3] dioxol-5-yl)-5-hydroxypentyl) diphenyl phosphine sulfide
(IS]-20)

OH
.S
o) P/
Y
o}

The procedure was followed using 1-(benzo[d] [1,3] dioxol-5-yl) ethan-1-ol (0.5
mmol, 83 mg), allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-20 (161.4 mg, 76%) as pink solid. '"H NMR (600 MHz, CDCl3) 6 = 7.83 — 7.77 (m,
4H), 7.52 — 7.42 (m, 6H), 6.81 — 6.78 (m, 1H), 6.76 — 6.69 (m, 2H), 5.94 (s, 2H), 4.55
—4.50 (m, 1H), 2.45 - 2.38 (m, 2H), 1.83 (s, 1H), 1.79 — 1.70 (m, 1H), 1.68 — 1.61 (m,
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3H), 1.52 - 1.41 (m, 1H), 1.39 — 1.30 (m, 1H). 3C NMR (150 MHz, CDCl3) 5 = 147.8,
146.9, 138.6, 133.1 (d, J = 79.5 Hz), 133.0 (d, J = 80.0 Hz), 131.5 (d, J = 2.9 Hz),
131.11 (d, J = 9.9 Hz), 131.08 (d, J = 9.8 Hz), 128.7 (d, J = 11.9 Hz), 119.3, 108.1,
106.3, 101.0, 74.1, 38.4, 32.5 (d, J = 56.7 Hz), 26.8 (d, J = 16.7 Hz), 22.0 (d, J= 2.7
Hz).3'P NMR (243 MHz, CDCls) 6 = 42.6. HR-MS (ESI) m/z caled for C24H250:PSNa
[M + Na] * 447.1154, found 447.1158.

(5-Hydroxy-5-(4-(pyridin-3-yl) phenyl) pentyl) diphenyl phosphine sulfide ([S]-
21)

OH

\

The procedure was followed using 1-(4-(pyridin-3-yl) phenyl) ethan-1-ol (0.5 mmol,
100 mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 3/1) yielded [S]-21 (209.8
mg, 92%) as white solid. "H NMR (600 MHz, CDCls) § = 8.69 — 8.65 (m, 1H), 7.93 —
7.89 (m, 2H), 7.84 — 7.66 (m, 6H), 7.50 — 7.41 (m, 6H), 7.38 — 7.34 (m, 2H), 7.25 —
7.20 (m, 1H), 4.69 — 4.64 (m, 1H), 2.49 — 2.26 (m, 3H), 1.84 — 1.75 (m, 1H), 1.75 —
1.58 (m, 3H), 1.55 — 1.45 (m, 1H), 1.45 — 1.36 (m, 1H). 3C NMR (150 MHz, CDCl;)
0=157.2,149.7, 145.5, 138.6, 136.9, 133.13 (d, /= 79.8 Hz), 133.06 (d, /= 79.4 Hz),
131.5 (d, /= 2.8 Hz), 131.10 (d, J = 10.4 Hz), 131.08 (d, J = 10.1 Hz), 128.7 (d, J =
12.0 Hz), 127.0, 126.3, 122.2, 120.6, 73.8, 38.5,32.5 (d, /= 56.8 Hz), 26.7 (d, /= 16.8
Hz), 22.1 (d, J = 2.6 Hz). *'P NMR (243 MHz, CDCl;) 6 = 42.6. HR-MS (ESI) m/z
caled for CasHooNOPS [M + H] " 458.1702, found 458.1695.

(5-(3-(Allylicoxy) phenyl)-5-hydroxypentyl) diphenylphosphine sulfide ([S]-22)



The procedure was followed using 1-(3-(allylicoxy) phenyl) ethan-1-ol (0.5 mmol,
89 mg), allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-22 (153.0
mg, 70%) as pink solid. 'TH NMR (600 MHz, CDCls) § = 7.86 — 7.77 (m, 4H), 7.52 —
7.42 (m, 6H), 7.26 — 7.20 (m, 1H), 6.89 — 6.84 (m, 2H), 6.84 — 6.79 (m, 1H), 6.10 —
6.01 (m, 1H), 5.45 — 5.38 (m, 1H), 5.31 — 5.26 (m, 1H), 4.62 — 4.58 (m, 1H), 4.55 —
4.51 (m, 2H), 2.46 — 2.38 (m, 2H), 1.85 — 1.82 (m, 1H), 1.81 — 1.72 (m, 1H), 1.71 —
1.57 (m, 3H), 1.55 — 1.45 (m, 1H), 1.45 — 1.32 (m, 1H). 1*C NMR (150 MHz, CDCls)
0=158.8, 146.3, 133.2, 133.13 (d, J=79.9 Hz), 133.05 (d, /= 79.8 Hz), 131.5 (d, J =
2.9 Hz), 131.11 (d, J=10.1 Hz), 131.09 (d, /= 10.1 Hz), 129.5, 128.7 (d, /= 11.8 Hz),
118.3,117.7,113.8, 112.1, 74.1, 68.8, 38.4,32.5 (d, /= 56.6 Hz), 26.7 (d, /= 16.7 Hz),
22.0 (d, J=2.5 Hz).*'P NMR (243 MHz, CDCl;3) § = 42.6. HR-MS (ESI) m/z calcd for
C26H3002PS [M + H] © 437.1699, found 437.1703.

(5-Hydroxy-5-(ferrocenyl)) diphenyl phosphine ([S]-23)

The procedure was followed using KOsBu (80 mol%), 1-(ferrocenyl) ethanol (0.5
mmol, 115 mg), allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-23 (158.6 mg, 65%) as yellow solid. '"H NMR (600 MHz, CDCl3) § = 7.85 — 7.77
(m, 4H), 7.52 — 7.41 (m, 6H), 4.28 — 4.24 (m, 1H), 4.21 — 4.09 (m, 9H), 2.48 — 2.38 (m,
2H), 1.95 (s, 1H), 1.76 — 1.49 (m, 5H), 1.47 — 1.38 (m, 1H). 3C NMR (150 MHz, CDCl;)
0=133.2(d,J=280.0 Hz), 133.1 (d, J="79.4 Hz), 131.5 (d, J=3.0 Hz), 131.12 (d, J =
9.9Hz),131.10 (d,J=9.9 Hz), 128.7 (d, J= 11.8 Hz), 94.2, 69.3, 68.3, 68.0, 67.8, 67.2,
65.1,37.6,32.6 (d, J=56.4 Hz), 27.0 (d, J = 17.1 Hz), 22.2 (d, J= 2.7 Hz).*'P NMR
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(243 MHz, CDCls) § = 42.6. HR-MS (ESI) m/z calcd for Ca7HasFePS [M + H — H,0] *
471.0993, found 471.0988.

(3-(1-Hydroxy-1,2,3,4-tetrahydronaphthalen-2-yl) propyl) diphenylphosphine
sulfide ([S]-24)

The procedure was followed using KO7Bu (80 mol%), 1,2,3,4-tetrahydronaphthalen-
1-0l (0.5 mmol, 74 mg), allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6
mmol, 105 xL) stirred at 100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at
room temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1)
yielded [S]-24 (151.3 mg, 67%, d. r. = 1: 1.1) as white solid. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
7.86 — 7.79 (m, 4H), 7.50 — 7.40 (m, 6H), 7.28 — 7.23 (m, 1H), 7.20 — 7.12 (m, 2H),
7.09 —7.01 (m, 1H), 4.55 — 4.52 (m, 0.5H), 4.34 — 4.30 (m, 0.5H), 2.85 — 2.62 (m, 2H),
2.57—2.36 (m, 2H), 2.08 — 1.91 (m, 1H), 1.91 — 1.51 (m, 5H), 1.50 — 1.20 (m, 2H). '3C
NMR (150 MHz, CDCls) 0 = 138.7, 138.5, 136.9, 136.8, 133.3 (d, /= 79.9 Hz), 133.2
(d, J=79.8 Hz), 132.7 (d, J=79.7 Hz), 132.6 (d, /= 79.7 Hz), 131.50 (d, J= 2.8 Hz),
131.49 (d, J = 2.7 Hz), 131.14 (d, J = 10.1 Hz), 131.12 (d, J = 9.9 Hz), 131.06 (d, J =
10.1 Hz), 131.0 (d, /= 10.1 Hz), 130.0, 129.1, 128.74, 128.71 (d, J = 11.6 Hz) x 2C,
128.3,127.9, 127.3, 126.2, 126.1, 73.2, 69.6, 41.6, 39.2, 32.8 (d, J = 56.2 Hz), 32.7 (d,
J=16.1 Hz), 32.5 (d, J=16.1 Hz), 32.4 (d, J = 56.6 Hz), 29.1, 27.7, 24.7, 22.9, 19.9
(d, J=2.7 Hz), 19.8 (d, J= 2.5 Hz). 3*'P NMR (243 MHz, CDCl3) 6 = 42.8, 42.7. HR-
MS (ESI) m/z calcd for C2sH26PS [M + H — H2O] © 429.1412, found 429.1409.

(5-Hydroxy-5-(3-(2-(4-isobutylphenyl) propoxy) phenyl) pentyl)
diphenylphosphine sulfide ([S]-25)
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The procedure was followed using 1-(3-(2-(4-isobutylphenyl) propoxy) phenyl)
ethan-1-ol (0.5 mmol, 156 mg), allylic alcohol (0.6 mmol, 42 wuL) and
diphenylphosphine (0.6 mmol, 105 L) stirred at 100 <C for 15 h. Treated with Sg (1.5
equiv) and stirred at room temperature for 1.0 h. Purification by column
chromatography (PE/EA = 5/1) yielded [S]-25 (235.0 mg, 82%) as colorless oil. 'H
NMR (600 MHz, CDCl3) 6 = 7.82 — 7.75 (m, 4H), 7.49 — 7.39 (m, 6H), 7.21 — 7.14 (m,
3H), 7.12 — 7.08 (m, 2H), 6.84 — 6.74 (m, 3H), 4.56 — 4.52 (m, 1H), 4.07 — 4.02 (m,
1H), 3.93 - 3.87 (m, 1H), 3.22 - 3.16 (m, 1H), 2.47 — 2.36 (m, 4H), 2.02 (s, 1H), 1.89
—1.80 (m, 1H), 1.77 — 1.68 (m, 1H), 1.68 — 1.58 (m, 3H), 1.51 — 1.43 (m, 1H), 1.41 —
1.32 (m, 4H), 0.90 (d, J = 6.7 Hz, 6H). >*C NMR (150 MHz, CDCl3) 6 = 159.2, 146.3,
140.8, 140.0, 133.2 (d, J = 79.9 Hz), 133.1 (d, J = 79.4 Hz), 131.5 (d, J = 3.3 Hz),
131.13 (d, J=10.0 Hz), 131.11 (d, /= 10.4 Hz), 129.5, 129.3, 128.7 (d, J = 12.1 Hz),
127.2, 118.1, 113.7, 111.9, 74.1, 73.6, 45.1, 39.2, 38.4, 32.5 (d, /= 56.7 Hz), 30.3, 26.7
(d, J=16.5 Hz), 22.5, 22.1 (d, J = 2.6 Hz), 18.3 (d, J= 1.7 Hz). *'P NMR (243 MHz,
CDCl3) 6 = 42.6. HR-MS (ESI) m/z calcd for C36H440,PS [M + H] " 571.2794, found
571.2791.

(5-(3-(2-(6,6-Dimethylbicyclo [3.1.1] hept-2-en-2-yl) ethoxy) phenyl)-5-
hydroxypentyl) diphenyl phosphine sulfide ([S]-26)

Me

Me\&/\/ OH

\ /S
O P/
@me

The procedure was followed using 1-(3-(2-(6,6-dimethylbicyclo [3.1.1] hept-2-en-2-
yl) ethoxy) phenyl) ethan-1-ol (0.5 mmol, 143 mg), allylic alcohol (0.6 mmol, 42 uL)
and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 <C for 15 h. Treated with Sg
(1.5 equiv) and stirred at room temperature for 1.0 h. Purification by column
chromatography (PE/EA = 5/1) yielded [S]-26 (209.0 mg, 80%) as colorless oil. 'H
NMR (600 MHz, CDCl3) 0 =7.83 — 7.77 (m, 4H), 7.51 — 7.41 (m, 6H), 7.24 — 7.18 (m,
1H), 6.85 — 6.81 (m, 2H), 6.80 — 6.75 (m, 1H), 5.35 — 5.33 (m, 1H), 4.60 — 4.56 (m,
1H), 3.98 — 3.93 (m, 2H), 2.48 — 2.34 (m, 5H), 2.31 — 2.25 (m, 1H), 2.23 — 2.17 (m,
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1H), 2.11 — 2.07 (m, 2H), 1.89 — 1.86 (m, 1H), 1.81 — 1.71 (m, 1H), 1.69 — 1.59 (m,
3H), 1.55 — 1.45 (m, 1H), 1.44 — 1.34 (m, 1H), 1.27 (s, 3H), 1.21 — 1.15 (m, 1H), 0.83
(s, 3H). 13C NMR (150 MHz, CDClz) 6 = 159.1, 146.2, 144.5, 133.2 (d, J = 79.6 Hz),
133.1 (d, J = 79.9 Hz), 131.5 (d, J = 3.0 Hz), 131.11 (d, J = 10.1 Hz), 131.09 (d, J =
10.0 Hz), 129.5, 128.7 (d, J = 12.1 Hz), 118.6, 118.0, 113.5, 112.1, 74.1, 66.3, 45.9,
40.7,38.4,38.1, 36.6,32.5 (d, J=56.8 Hz), 31.7,31.4,26.7 (d, J= 16.8 Hz), 26.3, 22.1
(d, J= 2.6 Hz), 21.2.3'P NMR (243 MHz, CDCl3) 6 = 42.6. HR-MS (ESI) m/z calcd
for C34H410,PSNa [M + Na] * 567.2457, found 567.2460.

(5-(3-((3,7-Dimethyloct-6-en-1-yl) oxy) phenyl)-5-hydroxypentyl)
diphenylphosphine sulfide ([S]-27)

OH
Mewo P//S
Me Me Pha

The procedure was followed using 1-(3-((3,7-dimethyloct-6-en-1-yl) oxy) phenyl)
ethan-1-ol (0.5 mmol, 138 mg), allylic alcohol (0.6 mmol, 42 wuL) and
diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 <C for 15 h. Treated with Sg (1.5
equiv) and stirred at room temperature for 1.0 h. Purification by column
chromatography (PE/EA = 5/1) yielded [S]-27 (208.7 mg, 78%) as colorless oil. 'H
NMR (600 MHz, CDCls) 6 = 7.82 — 7.75 (m, 4H), 7.48 — 7.39 (m, 6H), 7.21 — 7.15 (m,
1H), 6.86 — 6.74 (m, 3H), 5.13 — 5.08 (m, 1H), 4.57 — 4.51 (m, 1H), 4.01 — 3.91 (m,
2H), 2.43 — 2.36 (m, 2H), 2.20 (s, 1H), 2.08 — 1.93 (m, 2H), 1.89 — 1.78 (m, 1H), 1.71
—1.54 (m, 12H), 1.53 — 1.32 (m, 3H), 1.30 — 1.17 (m, 1H), 0.94 (d, J= 6.7 Hz, 3H). 13C
NMR (150 MHz, CDCI3) 6 = 159.3, 146.4, 133.2 (d, J = 79.9 Hz), 133.1 (d, /= 79.9
Hz), 131.4 (d, J = 2.8 Hz), 131.3, 131.12 (d, J = 10.0 Hz), 131.10 (d, J = 10.1 Hz),
129.4, 128.7 (d, J = 11.8 Hz), 124.7, 118.0, 113.5, 112.0, 74.0, 66.3, 38.4, 37.2, 36.2,
32.5(d,J=56.5Hz), 29.6,26.7 (d, /= 16.6 Hz), 25.8, 25.5,22.1 (d, J= 2.6 Hz), 19.6,
17.8.%'P NMR (243 MHz, CDCl3) J = 42.6. HR-MS (ESI) m/z calcd for C33H440,PS
[M + H] " 535.2794, found 535.2790.
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(5-Hydroxyhexyl) diphenylphosphine sulfide ([S]-28)

The procedure was followed using propan-2-ol (0.5 mmol, 30 mg), allylic alcohol
(0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 <C for 15
h. Treated with Ss (1.5 equiv) and stirred at room temperature for 1.0 h. Purification by
column chromatography (PE/EA = 5/1) yielded [S]-28 (120.4 mg, 76%) as colorless
oil. '"H NMR (600 MHz, CDCl3) § = 7.87 — 7.77 (m, 4H), 7.53 — 7.40 (m, 6H), 3.79 —
3.68 (m, 1H), 2.52 — 2.40 (m, 2H), 1.73 — 1.57 (m, 2H), 1.59 — 1.48 (m, 2H), 1.48 —
1.35 (m, 3H), 1.14 (d, J= 6.2 Hz, 3H). 3*C NMR (150 MHz, CDCl3) 6 = 133.13 (d, J =
79.8 Hz), 133.07 (d, J=79.6 Hz), 131.5 (d, /J=2.8 Hz), 131.11 (d, /= 10.0 Hz), 131.09
(d, J=10.2 Hz), 128.7 (d, J = 11.8 Hz), 67.7, 38.6, 32.5 (d, J = 56.5 Hz), 26.7 (d, J =
16.6 Hz), 23.6, 22.2 (d, J = 2.7 Hz).*'P NMR (243 MHz, CDCl3) § = 42.6. HR-MS
(ESI) m/z calcd for CisH24OPS [M + H] " 319.1280, found 319.1273.

(5-Hydroxynonyl) diphenylphosphine sulfide ([S]-29)

The procedure was followed using hexan-2-o0l (0.5 mmol, 51 mg), allylic alcohol (0.6
mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 <T for 15 h.
Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h. Purification by
column chromatography (PE/EA = 5/1) yielded [S]-29 (127.1 mg, 71%) as colorless
oil. "'H NMR (600 MHz, CDCl3) 6 = 7.82 (m, 4H), 7.52 — 7.40 (m, 6H), 5.30 — 5.26 (m,
1H), 3.58 — 3.45 (m, 1H), 2.50 — 2.42 (m, 2H), 1.69 — 1.50 (m, 4H), 1.49 — 1.32 (m,
5H), 1.33 —1.21 (m, 3H), 0.91 — 0.85 (m, 3H). 3*C NMR (150 MHz, CDCl;) 6 = 133.2
(d, J=179.6 Hz), 132.5 (d, J=79.5 Hz), 131.5 (d, /= 2.9 Hz), 131.1 (d, /= 9.9 Hz),
131.0 (d, J=10.0 Hz), 128.7 (d, /= 12.0 Hz), 71.4, 37.2, 36.8, 32.5 (d, J = 56.5 Hz),
27.8,26.7(d,J=16.5Hz),22.7,22.2 (d,J=2.7 Hz), 14.1.*'P NMR (243 MHz, CDCl5)
0=42.7. HR-MS (ESI) m/z calcd for C21H30OPS [M + H] " 361.1750, found 361.1743.
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(5-Hydroxyundecyl) diphenylphosphine sulfide ([S]-30)

The procedure was followed using octan-2-ol (0.5 mmol, 65 mg), allylic alcohol (0.6
mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 <C for 15 h.
Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h. Purification by
column chromatography (PE/EA = 5/1) yielded [S]-30 (142.0 mg, 73%) as colorless
oil. '"H NMR (600 MHz, CDCl3) § = 7.87 — 7.77 (m, 4H), 7.51 — 7.42 (m, 6H), 3.57 —
3.47 (m, 1H), 2.53 — 2.41 (m, 2H), 1.73 — 1.49 (m, 4H), 1.49 — 1.33 (m, 6H), 1.33 —
1.18 (m, 7H), 0.87 (t, J = 6.9 Hz, 3H). '3*C NMR (150 MHz, CDCl3) 6 = 133.2 (d, J =
80.1 Hz), 132.6 (d, J=80.4 Hz), 131.5 (d, J=3.1 Hz), 131.1 (d, J=10.4 Hz), 131.0 (d,
J=10.0 Hz), 128.7 (d, J=11.8 Hz), 71.5, 37.6, 36.8, 32.5 (d, /= 56.4 Hz), 31.8, 29.4,
26.7(d,J=16.6 Hz), 25.6,22.6,22.2 (d, J=2.6 Hz), 14.1.*'PNMR (243 MHz, CDCls)
0 =42.6. HR-MS (ESI) m/z calcd for C23H34OPS [M + H] " 389.2063, found 389.2054.

(5-Hydroxy-6-methylheptyl) diphenylphosphine sulfide ([S]-31)

OH
M _S
eWE;
Me 2

The procedure was followed using 3-methylbutan-2-ol (0.5 mmol, 44 mg), allylic
alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-31 (130.2 mg, 75%)
as colorless oil. 'TH NMR (600 MHz, CDCl3) 6 = 7.89 — 7.77 (m, 4H), 7.56 — 7.38 (m,
6H), 3.32 — 3.26 (m, 1H), 2.53 — 2.40 (m, 2H), 1.75 — 1.65 (m, 1H), 1.64 — 1.50 (m,
4H), 1.49 — 1.27 (m, 3H), 0.90 — 0.80 (m, 6H). '*C NMR (150 MHz, CDCl3) § = 133.2
(d, J=179.7 Hz), 132.5 (d, J=79.6 Hz), 131.5 (d, /= 3.1 Hz), 131.1 (d, J = 10.2 Hz),
131.0(d, J=9.9 Hz), 128.7 (d, J = 11.9 Hz), 76.3, 33.6, 32.5 (d, /= 56.4 Hz), 27.2 (d,
J=16.7Hz), 22.3 (d, J = 2.7 Hz), 18.8, 17.2.*'P NMR (243 MHz, CDCl3) 6§ = 42.7.
HR-MS (ESI) m/z calcd for C20H270PSNa [M + Na] * 369.1412, found 369.1411.
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(5-Hydroxy-6-methyloctyl) diphenylphosphine sulfide ([S]-32)

OH

Me/A\T/L\//\\/”\Pcs
Ph

Me 2

The procedure was followed using 3-methylpentan-2-ol (0.5 mmol, 51 mg), allylic
alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-32 (138.8 mg, 77%,
d. r. = 1: 1) as yellow oil. Diastereomeric ratio was determined by HPLC. 'H NMR
(600 MHz, CDCl3) 0 = 7.87 — 7.78 (m, 4H), 7.53 — 7.38 (m, 6H), 3.46 — 3.40 (m, 1H),
2.50 — 2.43 (m, 2H), 1.76 — 1.51 (m, 4H), 1.50 — 1.24 (m, 5H), 1.20 — 1.04 (m, 1H),
0.89 — 0.84 (m, 3H), 0.84 — 0.80 (m, 3H). 3*C NMR (150 MHz, CDCl3) 6 = 133.2 (d, J
=79.5Hz), 132.5 (d, J=79.7 Hz), 131.5 (d, /= 2.9 Hz), 131.1 (d, J=10.0 Hz), 131.0
(d, J=10.0 Hz), 128.7 (d, J = 12.0 Hz), 75.3, 74.5, 40.6, 40.1, 33.9, 32.8,32.7 (d, J =
56.7 Hz), 32.3 (d, J=56.3 Hz), 27.4 (d, /= 16.6 Hz), 27.2 (d, /= 16.6 Hz), 25.9, 24.6,
22.3(d,J=2.7Hz),22.3 (d, J=2.7Hz), 14.7,13.3, 11.9, 11.8. *'P NMR (243 MHz,
CDCl3) 6 = 42.7. HR-MS (ESI) m/z caled for C21H30OPS [M + H] © 361.1750, found
361.1749.

(5-Cyclopropyl-5-hydroxypentyl) diphenylphosphine sulfide ([S]-33)

The procedure was followed using 1-cyclopropylethan-1-ol (0.5 mmol, 43 mg),
allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-33 (131.4 mg, 76%)
as colorless oil. '"H NMR (600 MHz, CDCl3) 6 = 7.88 — 7.77 (m, 4H), 7.51 — 7.39 (m,
6H), 2.83 —2.73 (m, 1H), 2.51 — 2.42 (m, 2H), 1.83 (s, 1H), 1.73 — 1.45 (m, 6H), 0.86
~0.78 (m, 1H), 0.51 — 0.39 (m, 2H), 0.25 — 0.18 (m, 1H), 0.18 — 0.09 (m, 1H). 1°C
NMR (150 MHz, CDCl3) 6 = 133.2 (d, J = 80.0 Hz), 132.6 (d, J = 80.0 Hz), 131.5 (d,
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J=3.0Hz), 131.1 (d,J=10.0 Hz), 131.0 (d, /= 10.0 Hz), 128.7 (d, J= 11.8 Hz), 76.4,
36.6, 32.5 (d, J = 56.7 Hz), 26.7 (d, J= 16.7 Hz), 22.3 (d, J= 2.7 Hz), 17.9, 2.8, 2.6.
3IP NMR (243 MHz, CDCl3) 6 = 42.7. HR-MS (ESI) m/z caled for CaoHasOPSNa [M
+Na] " 367.1256, found 367.1257.

(5-Cyclobutyl-5-hydroxypentyl) diphenylphosphine sulfide ([S]-34)

The procedure was followed using 1-cyclobutylethan-1-o0l (0.5 mmol, 50 mg), allylic
alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-34 (127.1 mg, 71%)
as colorless oil. "H NMR (600 MHz, CDCl3) 6 = 7.87 — 7.78 (m, 4H), 7.52 — 7.40 (m,
6H), 3.45 — 3.39 (m, 1H), 2.51 — 2.39 (m, 2H), 2.30 — 2.20 (m, 1H), 2.01 — 1.93 (m,
1H), 1.92 — 1.49 (m, 9H), 1.47 — 1.33 (m, 2H), 1.30 — 1.18 (m, 1H). 1*C NMR (150
MHz, CDCl3) 0 = 133.2 (d, J=80.6 Hz), 132.5 (d, /= 80.1 Hz), 131.5 (d, /= 2.9 Hz),
131.1 (d,/=10.0 Hz), 131.0 (d, J=10.0 Hz), 128.7 (d, /= 11.8 Hz), 75.4, 41.4, 33.9,
32.5(d, J=56.5 Hz), 26.7 (d, J = 16.8 Hz), 24.4, 24.3,22.3 (d, J = 2.8 Hz), 17.9.°'P
NMR (243 MHz, CDCls) 6 = 42.7. HR-MS (ESI) m/z calcd for C2iH2sOPS [M + H] *
359.1593, found 359.1585.

(5-Cyclopentyl-5-hydroxypentyl) diphenylphosphine sulfide ([S]-35)

The procedure was followed using 1-cyclopentylethan-1-o0l (0.5 mmol, 57 mg),
allylic alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 L) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-35 (119.1 mg, 64%)
as white oil. "TH NMR (600 MHz, CDCl3) § = 7.87 — 7.78 (m, 4H), 7.54 — 7.40 (m, 6H),
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3.37 —3.30 (m, 1H), 2.51 — 2.41 (m, 2H), 1.84 — 1.78 (m, 1H), 1.77 — 1.66 (m, 2H),
1.66 — 1.41 (m, 10H), 1.39 — 1.23 (m, 2H), 1.18 — 1.09 (m, 1H). '3C NMR (150 MHz,
CDClz) 0=133.2 (d, J=79.8 Hz), 132.6 (d, /= 79.2 Hz), 131.4 (d,J=2.9 Hz), 131.1
(d,J=10.1 Hz), 131.0 (d, J=9.9 Hz), 128.7 (d, /= 11.8 Hz), 75.6, 46.4, 35.6, 32.5 (d,
J=156.5Hz),29.2,28.6,26.9 (d,J=16.7 Hz), 25.7,25.6,22.3 (d, /= 2.8 Hz).*'P NMR
(243 MHz, CDCl3) 6 = 42.7. HR-MS (ESI) m/z calcd for CH3OPS [M + H] *
373.1750, found 373.1748.

(5-Cyclohexyl-5-hydroxypentyl) diphenylphosphine sulfide ([S]-36)

The procedure was followed using 1-cyclohexylethan-1-o0l (0.5 mmol, 64 mg), allylic
alcohol (0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 3/1) yielded [S]-36 (144.5 mg, 75%)
as colorless oil. "H NMR (600 MHz, CDCl3) 6 = 7.86 — 7.78 (m, 4H), 7.52 — 7.42 (m,
6H), 3.32 — 3.26 (m, 1H), 2.53 — 2.39 (m, 2H), 1.79 — 1.53 (m, 8H), 1.50 — 1.32 (m,
4H), 1.30 — 1.08 (m, 4H), 1.06 — 0.89 (m, 2H). *C NMR (150 MHz, CDCl3) 6 = 133.2
(d, J=79.6 Hz), 132.6 (d, J=79.1 Hz), 131.4 (d, /J=2.9 Hz), 131.1 (d, /= 10.3 Hz),
131.0 (d, J=10.0 Hz), 128.7 (d, J = 12.0 Hz), 75.8, 43.7, 33.6, 32.5 (d, J = 56.4 Hz),
29.2,27.8,27.0 (d, J = 16.6 Hz), 26.5, 26.3, 26.2, 22.3 (d, J = 2.8 Hz). *'P NMR (243
MHz, CDCl3) 6 = 42.7. HR-MS (ESI) m/z caled for C23H320PS [M + H] © 387.1906,
found 387.1900.

(5-Hydroxy-5-(tetrahydro-2 H-pyran-4-yl) pentyl) diphenylphosphine sulfide
(IS]-37)

OH
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The procedure was followed using 1-(tetrahydro-2H-pyran-4-yl) ethan-1-ol (0.5
mmol, 65 mg), allylic alcohol (0.6 mmol, 42 uL) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 2/1) yielded
[S]-37 (126.1 mg, 65%) as colorless oil. '"H NMR (600 MHz, CDCl3) § = 7.89 — 7.76
(m, 4H), 7.55 - 7.38 (m, 6H), 4.09 — 3.84 (m, 2H), 3.51 —3.16 (m, 3H), 2.56 —2.34 (m,
2H), 1.83 — 1.14 (m, 11H). *C NMR (150 MHz, CDCls) 6 = 133.1 (d, J = 79.9 Hz),
132.7 (d, J=80.2 Hz), 131.5 (d, J=2.9 Hz), 131.1 (d, /= 9.9 Hz), 131.0 (d, /= 10.0
Hz), 128.7 (d, J=11.8 Hz), 68.1, 41.1, 33.5, 32.5 (d, /= 56.4 Hz), 29.2, 28.3, 26.8 (d,
J=16.1 Hz), 22.3 (d, J=2.6 Hz).*'P NMR (243 MHz, CDCl3) § = 42.7. HR-MS (ESI)
m/z calcd for C22H3002PS [M + H] * 389.1699, found 389.1697.

(3-(2-Hydroxy-3-methylcyclohexyl) propyl) diphenylphosphine sulfide ([S]-38)

The procedure was followed using cyclohexanol (0.5 mmol, 50 mg), allylic alcohol
(0.6 mmol, 42 xL) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 <C for 15
h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h. Purification by
column chromatography (PE/EA = 5/1) yielded [S]-38 (86.5 mg (major diastereomer);
52.5 mg (minor diastereomer)), 78%, d. r. = 1: 1.5) as colorless oil. Diastereomeric
ratio was determined by NMR analysis of the crude mixture. Major diastereomer
product: "H NMR (600 MHz, CDCl3) 6 = 7.87 — 7.77 (m, 4H), 7.55 — 7.39 (m, 6H),
3.83 — 3.78 (m, 1H), 2.52 — 2.37 (m, 2H), 1.78 — 1.47 (m, 6H), 1.46 — 1.23 (m, 7H),
1.23 = 1.11 (m, 1H). ®C NMR (150 MHz, CDCl3) § = 133.3 (d, J = 79.7 Hz), 132.7 (d,
J=80.0Hz), 131.4 (d,J=3.3 Hz), 131.1 (d,J=10.0 Hz), 131.0 (d, /= 10.0 Hz), 128.6
(d, J = 12.1 Hz), 68.9, 40.9, 33.1, 32.9 (d, J = 16.7 Hz), 32.6 (d, J = 56.4 Hz), 26.6,
25.1, 20.4, 19.8 (d, J = 2.6 Hz). *'P NMR (243 MHz, CDCl;3) 6 = 42.7. Minor
diastereomer product: "H NMR (600 MHz, CDCl3) § = 7.86 — 7.74 (m, 4H), 7.56 — 7.37
(m, 6H), 3.20 — 3.11 (m, 1H), 2.56 — 2.33 (m, 2H), 1.93 — 1.52 (m, 8H), 1.34 — 1.05 (m,
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6H). 13C NMR (150 MHz, CDCls) 8 = 133.4 (d, J = 79.3 Hz), 132.6 (d, J = 79.3 Hz),
131.4 (d, J=3.3 Hz), 131.1 (d, J= 10.0 Hz), 131.0 (d, /= 10.1 Hz), 128.7 (d, J=11.7
Hz), 74.4,44.7,35.9,33.2 (d, J= 15.9 Hz), 32.6 (d, J = 56.4 Hz), 30.0, 25.5, 24.8, 19.3
(d, J = 2.7 Hz). >'P NMR (243 MHz, CDCls) 6 = 42.7. HR-MS (ESI) m/z calcd for
C21HasOPS [M + H] * 359.1593, found 359.1590.

(5-Hydroxy-2-methyl-5-phenylpentyl) diphenylphosphine sulfide ([S]-39)

OH
//S
=)
Me Ph,

The procedure was followed using I-phenylethanol (0.5 mmol, 61 mg), 2-
methylprop-2-en-1-ol (0.6 mmol, 43.3 mg) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-39 (160.5
mg, 57%, d. r. = 1: 1) as white oil. Diastereomeric ratio was determined by NMR
analysis of the crude mixture. "H NMR (600 MHz, CDCl;) § = 7.88 — 7.76 (m, 4H),
7.49 —7.37 (m, 6H), 7.33 — 7.27 (m, 2H), 7.27 — 7.21 (m, 3H), 4.56 — 4.51 (m, 0.5H),
4.53 —4.48 (m, 0.48H), 2.50 — 2.30 (m, 2.39H), 2.28 —2.13 (m, 1.47H), 1.74 — 1.57 (m,
2H), 1.52 — 1.39 (m, 1H), 1.34 — 1.22 (m, 1H), 0.85 (d, J= 6.7 Hz, 1.52H), 0.82 (d, J =
6.7 Hz, 1.55H). >*C NMR (150 MHz, CDCl3) 6 = 144.7, 144.6, 134.2 (d, J = 79.5 Hz),
134.1 (d, J=79.8 Hz), 133.7 (d, J= 78.1 Hz), 133.2 (d, /= 79.2 Hz), 131.42 (d,J= 3.0
Hz), 131.39 (d, J=3.0 Hz), 131.37 (d, J=3.0 Hz), 131.3 (d, J=2.9 Hz), 131.2 (d, J =
10.0 Hz), 131.1 (d, J = 10.0 Hz), 131.0 (d, J = 10.0 Hz) x 2C, 128.7 (d, J = 12.0 Hz),
128.64 (d,J=12.1 Hz), 128.58 (d, J=11.7 Hz), 128.5 (d, J= 11.9 Hz), 128.43, 128.42,
127.5, 127.4, 125.93, 125.86, 74.5, 73.8, 38.8 (d, J = 55.0 Hz), 38.3 (d, J = 55.5 Hz),
36.0, 359,344 (d,J=11.0 Hz), 34.0 (d, /= 10.0 Hz), 28.5 (d, J=2.6 Hz), 28.1 (d, J
= 2.6 Hz), 21.24 (d, J = 6.6 Hz), 21.17 (d, J = 7.8 Hz). HR-MS (ESI) m/z calcd for
C24H26PS [M + H — H2O] " 377.1487, found 377.1486.
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(6-Hydroxy-6-phenylhexan-2-yl) diphenylphosphine sulfide ([S]-40)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), but-2-en-1-
ol (0.6 mmol, 43.3 mg) and diphenylphosphine (0.6 mmol, 105 L) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-40 (157.7 mg, 80%,
d. r. = 1: 1) as white solid. Diastereomeric ratio was determined by NMR analysis of
the crude mixture. '"H NMR (600 MHz, CDCl3) § = 7.97 — 7.86 (m, 4H), 7.51 — 7.39
(m, 6H), 7.35 — 7.21 (m, 5H), 4.61 — 4.49 (m, 1H), 2.75 — 2.62 (m, 1H), 1.92 (s, 1H),
1.77 - 1.48 (m, 5H), 1.35 — 1.03 (m, 4H). *C NMR (150 MHz, CDCls) d = 144.6, 144.5,
132.1 (d, J=179.6 Hz), 132.0 (d, J=79.3 Hz), 131.6 (d, J=79.8 Hz), 131.5 (d, J = 79.6
Hz), 131.42 (d, J=3.0 Hz), 131.41 (d, /= 3.1 Hz), 131.40 (d, J=3.0 Hz), 131.39 (d, J
=3.0Hz), 131.38 (d, J=9.9 Hz), 131.36 (d, J=10.0 Hz), 131.33 (d, J=9.9 Hz), 131.31
(d,J=9.9Hz), 128.7 (d, /= 11.2 Hz), 128.60 (d, /= 11.1 Hz), 128.58 (d, /= 11.5 Hz),
128.53 (d, J=11.2 Hz), 128.50, 128.49, 127.63, 127.60, 125.9, 125.8, 74.2, 74.1, 38.6,
38.5,33.0 (d, J=55.8 Hz), 32.6 (d, J = 55.7 Hz), 29.1 x 2C, 23.6 (d, J = 14.1 Hz), 23.5
(d,J=14.3 Hz), 12.5 (d,J=2.2 Hz), 12.4 (d,J=2.2 Hz). *'P NMR (243 MHz, CDCls)
d = 53.0, 52.9. HR-MS (ESI) m/z caled for C24H230PS [M + H] * 395.1593, found
395.1589.

(1-Hydroxy-1-phenylnonan-5-yl) diphenylphosphine sulfide ([S]-41)

Me

OH

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), hept-2-en-1-
ol (0.6 mmol, 69 mg) and diphenylphosphine (0.6 mmol, 105 xL) stirred at 100 <T for

15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h. Purification
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by column chromatography (PE/EA = 5/1) yielded [S]-41 (171.0 mg, 81%, d. r. = 1:
1.1) as white solid. Diastereomeric ratio was determined by NMR analysis of the crude
mixture. "H NMR (600 MHz, CDCl3) § = 7.96 — 7.87 (m, 4H), 7.48 — 7.36 (m, 6H),
7.32 — 7.26 (m, 2H), 7.26 — 7.16 (m, 3H), 4.51 — 4.44 (m, 1H), 2.55 — 2.47 (m, 1H),
2.06 (s, 1H), 1.76 — 1.27 (m, 8H), 1.25 — 1.01 (m, 4H), 0.76 — 0.67 (m, 3H). '3C NMR
(150 MHz, CDCl3) 0 = 144.6, 144.5, 132.7 (d, J = 75.7 Hz) x 2C, 132.6 (d, /= 76.4
Hz), 132.0 (d, J=76.4 Hz), 131.5 (d, J= 9.3 Hz), 131.44 (d, J=9.4 Hz), 131.40 (d, J
=9.1 Hz), 131.36 (d, J=9.2 Hz), 131.32 (d, J= 2.6 Hz) x 2C, 131.29 (d, J= 2.7 Hz) x
2C,128.6(d,J=11.6 Hz), 128.53 (d,J=11.6 Hz) x 2C, 128.48 (d,J=11.7 Hz), 128.43,
128.41, 127.51, 127.48, 125.9, 125.8, 73.93, 73.92, 39.0, 38.9, 38.0 (d, J = 53.8 Hz) x
2C, 30.8 (d, J = 10.5 Hz), 30.7 (d, J = 10.8 Hz), 29.03, 28.98, 28.8, 24.8 (d, J = 10.6
Hz),24.6 (d,J=10.8 Hz), 22.7 (d, J=3.0 Hz) x 2C, 13.8. *'P NMR (243 MHz, CDCl;)
0 = 52.4, 52.3. HR-MS (ESI) m/z calcd for C27H340PS [M + H] " 437.2063, found
437.2068.

(1-Cyclopropyl-5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-42)

OH

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-
cyclopropylprop-2-en-1-ol (0.6 mmol, 59 mg) and diphenylphosphine (0.6 mmol, 105
uL) stirred at 100 T for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-42 (143.0 mg, 68%, d. r. =1: 1) as white solid. Diastereomeric ratio was determined
by NMR analysis of the crude mixture. '"H NMR (600 MHz, CDCls) 6 = 8.79 — 8.64
(m, 4H), 8.31 —8.20 (m, 4H), 8.20 — 8.14 (m, 2H), 8.14 — 8.07 (m, 2H), 8.06 — 8.00 (m,
3H), 5.41 — 5.31 (m, 1H), 2.79 (s, 1H), 2.72 — 2.57 (m, 2H), 2.56 — 2.44 (m, 3H), 2.43
—2.33 (m, 1H), 2.15-2.01 (m, 1H), 1.88 — 1.71 (m, 1H), 1.36 — 1.20 (m, 1H), 1.00 —
0.85 (m, 1H), 0.86 — 0.77 (m, 1H), 0.17 — 0.10 (m, 1H). '*C NMR (150 MHz, CDCls)
0=144.7,144.6,132.84 (d, J=76.3 Hz), 132.81 (d, /= 75.7 Hz), 132.18 (d, J = 75.6

27



Hz), 132.15 (d, J=75.2 Hz), 131.9 (d, /= 10.1 Hz), 131.8 (d, /=9.8 Hz), 131.5 (d, J
=3.2Hz), 131.4(d,J=3.2 Hz), 131.2 (d, /=3.0 Hz), 128.7 (d, J=11.2 Hz), 128.6 (d,
J=11.2 Hz), 128.4, 128.14, 128.07, 127.5 (d, J = 3.2 Hz), 125.9, 125.8, 74.12, 74.08,
44.1 (d,J=53.6 Hz),43.6 (d,J=53.7 Hz), 39.1, 39.0, 30.3, 30.2, 24.1 (d, /= 12.5 Hz),
24.0 (d,J=12.2Hz), 10.6,10.4,4.9 (d,J=14.9 Hz), 4.7 (d, J= 15.4 Hz), 4.5.3'PNMR
(243 MHz, CDCl3) 6 = 51.6, 51.5. HR-MS (ESI) m/z caled for C26H30OPS [M + H] *
421.1750, found 421.1740.

(1-Cyclohexyl-5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-43)

OH

The procedure was followed using I-phenylethanol (0.5 mmol, 61 mg), 3-
cyclohexylprop-2-en-1-ol (0.6 mmol, 84 mg) and diphenylphosphine (0.6 mmol, 105
uL) stirred at 100 T for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-43 (161.7 mg, 70%, d. r. = 1: 0.9) as colorless oil. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
8.01 — 7.87 (m, 4H), 7.48 — 7.35 (m, 6H), 7.31 — 7.26 (m, 2H), 7.26 — 7.21 (m, 1H),
7.21 — 7.18 (m, 1H), 7.18 — 7.14 (m, 1H), 4.47 — 4.43 (m, 1H), 2.52 — 2.45 (m, 1H),
2.17-2.08 (m, 1H), 2.01 (s, 1H), 1.79 — 1.43 (m, 9H), 1.41 — 1.12 (m, 3H), 1.12-0.92
(m, 4H). *C NMR (150 MHz, CDCl3) § = 144.54, 144.49, 133.4 (d, J=75.0 Hz), 133.1
(d, J=76.5 Hz), 132.9 (d, J = 74.4 Hz), 132.5 (d, J = 76.5 Hz), 131.33 (d, J= 9.3 Hz),
131.29 (d, /=9.6 Hz), 131.27 (d,J=9.3 Hz), 131.2 (d, J=9.5 Hz), 131.14 (d,J=2.6
Hz), 131.09 (d, J = 2.8 Hz), 128.54 (d, J = 11.1 Hz), 128.48 (d, J = 11.3 Hz), 128.4,
127.5, 125.89, 125.87, 74.0, 73.7, 43.1 (d, J = 51.7 Hz), 42.7 (d, J = 51.3 Hz), 39.0,
38.9, 38.3, 38.2,35.0 (d, J = 12.7 Hz), 34.8 (d, J = 12.8 Hz), 29.14 (d, J = 2.5 Hz),
29.11 (d, J = 2.3 Hz), 27.20, 27.17, 26.42, 26.38, 26.21, 26.18, 26.2 (d, J = 10.7 Hz),
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26.0 (d, J=10.7 Hz), 25.5, 25.3. 3'P NMR (243 MHz, CDCl3) § = 51.3, 51.2. HR-MS
(EST) m/z calcd for C20H36OPS [M + H] " 463.2219, found 463.2211.

(5-Hydroxy-1,5-diphenylpentyl) diphenylphosphine sulfide ([S]-44)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-
phenylprop-2-en-1-ol (0.6 mmol, 81 mg) and diphenylphosphine (0.6 mmol, 105 L)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-44 (174.5
mg, 77%, d. r. = 1: 0.8) as white solid. Diastereomeric ratio was determined by NMR
analysis of the crude mixture. 'H NMR (600 MHz, CDCl3) § = 8.12 — 8.07 (m, 2H),
7.58 —7.51 (m, 3H), 7.44 — 7.38 (m, 2H), 7.31 — 7.08 (m, 13H), 4.50 — 4.43 (m, 1H),
3.83 -3.71 (m, 1H), 2.34 — 2.21 (m, 1H), 1.90 — 1.51 (m, 4H), 1.39 — 1.07 (m, 2H). 13C
NMR (150 MHz, CDCl3) 6 = 144.6, 144.4, 134.7 (d, J=4.7 Hz), 134.7 (d, /= 4.4 Hz),
132.2 (d,J=79.4 Hz), 132.2 (d, J = 80.0 Hz), 132.0 (d, J=9.0 Hz), 131.7 (d, J=3.2
Hz), 131.5(d,J=9.6 Hz), 131.0 (d, /=2.9 Hz), 130.9, 129.9 (d, /= 5.7 Hz), 128.8 (d,
J=11.4 Hz), 128.7 (d, J=11.6 Hz), 128.5, 128.4, 12791 (d, J=3.9 Hz), 127.89 (d, J
=2.9Hz), 127.84 (d, /= 6.4 Hz), 127.83 (d, J= 6.1 Hz), 127.6, 127.34 (d, /= 3.0 Hz),
127.30 (d, J=3.4 Hz), 125.9, 125.8, 74.1, 74.0,47.2 (d, /= 49.9 Hz), 46.7 (d, /= 50.4
Hz), 38.4, 38.2,29.4, 29.3,24.0 (d, J = 14.3 Hz), 23.8 (d, J = 14.4 Hz). *'P NMR (243
MHz, CDCl3) 6 = 50.5, 50.4. HR-MS (ESI) m/z calcd for C29H30OPS [M + H] *
457.1750, found 457.1753.

(5-Hydroxy-5-phenyl-1-(p-tolyl) pentyl) diphenylphosphine sulfide ([S]-45)
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The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(p-tolyl)
prop-2-en-1-o0l (0.6 mmol, 89 mg) and diphenylphosphine (0.6 mmol, 105 xL) stirred
at 100 T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0
h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-45 (191.7 mg,
82%, d. r. = 1: 1.1) as white solid. Diastereomeric ratio was determined by NMR
analysis of the crude mixture. 'TH NMR (600 MHz, CDCl3) 6 = 8.11 — 8.00 (m, 2H),
7.57 —7.48 (m, 3H), 7.48 — 7.41 (m, 2H), 7.30 — 7.13 (m, 8H), 7.10 — 7.01 (m, 2H),
6.96 —6.90 (m, 2H), 4.49 —4.40 (m, 1H), 3.81 —3.71 (m, 1H), 2.24 (s, 3H), 1.88 — 1.47
(m, 4H), 1.39 — 1.06 (m, 3H). 1*C NMR (150 MHz, CDCl3) 6 = 144.6, 144.5, 136.94
(d, J=3.5Hz), 136.89 (d, J=3.7 Hz), 132.3 (d, /= 79.3 Hz), 132.0, 131.9, 131.8 (d, J
=79.9 Hz), 131.60 (d, J=3.4 Hz), 131.56 (d, /= 9.4 Hz), 131.5 (d, /= 9.4 Hz), 131.1,
131.0 (d, J=3.0 Hz), 129.82, 129.79, 128.78 (d, /= 11.7 Hz), 128.75 (d, /= 11.4 Hz),
128.65 (d, J=4.4 Hz), 128.60 (d, J=4.4 Hz), 128.5, 128.4, 127.9 (d, /= 2.1 Hz), 127.8
(d,J=2.0 Hz), 127.5, 125.9, 125.8, 74.1, 74.0, 46.8 (d, J= 50.5 Hz), 46.3 (d, J = 50.1
Hz), 38.4,38.3,29.3,29.2,23.9 (d, /= 14.4 Hz), 23.8 (d, J = 14.1 Hz), 21.1.>'P NMR
(243 MHz, CDCl3) 6 = 50.4, 50.3. HR-MS (ESI) m/z caled for C30H3OPS [M + H] *
471.1906, found 471.1904.

(5-Hydroxy-1-(4-(methylthio) phenyl)-5-phenylpentyl) diphenylphosphine sulfide
(IS]-46)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(4-
(methylthio) phenyl) prop-2-en-1-ol (0.6 mmol, 108 mg) and diphenylphosphine (0.6
mmol, 105 xL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at
room temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1)
yielded [S]-46 (210.4 mg, 84%, d. r. = 1: 0.7) as yellow solid. Diastereomeric ratio was

determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
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8.10 — 8.04 (m, 2H), 7.59 — 7.50 (m, 3H), 7.48 — 7.41 (m, 2H), 7.33 — 7.13 (m, 8H),
7.12 = 7.05 (m, 2H), 7.03 — 6.97 (m, 2H), 4.48 — 4.41 (m, 1H), 3.82 — 3.71 (m, 1H),
2.40(s,3H),2.26 —2.16 (m, 1H), 1.88 — 1.74 (m, 2H), 1.73 — 1.49 (m, 2H), 1.37 - 1.08
(m, 2H). 3C NMR (150 MHz, CDCl3) 6 = 144.5, 144.4, 137.4 (d, J= 4.0 Hz), 137.3 (d,
J=39Hz), 132.1 (d,J=79.9 Hz), 131.9 (d, /= 8.9 Hz), 131.7 (d, /= 2.9 Hz), 131.6
(d, J=80.7 Hz), 131.5 (d, /=9.3 Hz), 131.4, 131.1 (d, J=2.9 Hz), 130.9, 130.3 (d, J
=5.7Hz), 128.8 (d,J=11.7 Hz), 128.7 (d, /= 11.2 Hz), 128.46, 128.45, 128.0 (d, J =
12.2 Hz), 127.9 (d,J=11.8 Hz), 127.59, 127.58, 125.9, 125.84, 125.76, 74.1, 74.0, 46.7
(d,J=50.2 Hz),46.2 (d, J=50.6 Hz), 38.4, 38.2,29.3,29.2,23.9 (d, /= 14.2 Hz), 23.7
(d, J = 14.3 Hz), 15.69, 15.67.*'P NMR (243 MHz, CDCls) 6 = 50.3, 50.2. HR-MS
(ESI) m/z calcd for C30H320PS, [M + H] " 503.1627, found 503.1624.

(1-(4-Fluorophenyl)-5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-
47)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(4-
fluorophenyl) prop-2-en-1-ol (0.6 mmol, 91 mg) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-47 (193.5 mg, 82%, d. r. = 1: 0.9) as white solid. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
8.12 — 8.04 (m, 2H), 7.59 — 7.51 (m, 3H), 7.46 — 7.39 (m, 2H), 7.33 — 7.08 (m, 10H),
6.85 — 6.77 (m, 2H), 4.49 — 4.43 (m, 1H), 3.81 — 3.75 (m, 1H), 2.25 — 2.16 (m, 1H),
1.84 — 1.75 (m, 2H), 1.74 — 1.50 (m, 2H), 1.36 — 1.17 (m, 1.53H), 1.13 — 1.04 (m,
0.49H). 3C NMR (150 MHz, CDCl3) 6 = 162.1 (d, J = 246.1 Hz), 144.5, 144.4, 132.0
(d, J=80.4 Hz), 131.9 (d, /= 9.0 Hz), 131.8 (d, /= 2.8 Hz), 131.5 (d, /= 79.9 Hz),

131.4 (d, J= 9.5 Hz), 131.3, 131.1 (d, J= 2.9 Hz), 130.7, 128.9 (d, J = 2.8 Hz), 128.8
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(d,J=2.8 Hz), 128.48, 128.47, 128.03 (d,J = 12.0 Hz), 127.95 (d,J = 12.3 Hz), 127.65,
127.62, 125.9, 125.8, 114.9 (d, J= 5.5 Hz), 114.8 (d, J = 5.3 Hz), 114.72 (d, J = 5.3
Hz), 114.70 (d, J = 5.5 Hz), 74.15, 74.06, 46.4 (d, J = 50.8 Hz), 45.8 (d, J = 50.3 Hz),
38.3,38.1,29.4,29.3,23.9 (d, J= 14.4 Hz), 23.7 (d, J = 14.2 Hz).3'P NMR (243 MHz,
CDCl3) 6 = 50.5 (d, J= 5.9 Hz), 50.4 (d, J = 5.8 Hz). "°F NMR (565 MHz, CDCL3) 6 =
~114.99 — -115.06 (m), -115.06 — -115.13 (m). HR-MS (ESI) m/z calcd for C2oH20FOPS
[M + H]* 475.1656, found 475.1655.

(1-(4-Chlorophenyl)-5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-
48)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(4-
chlorophenyl) prop-2-en-1-o0l (0.6 mmol, 101 mg) and diphenylphosphine (0.6 mmol,
105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room
temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded
[S]-48 (195.2 mg, 80%, d. r. = 1: 0.7) as yellow solid. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
8.13 — 8.02 (m, 2H), 7.60 — 7.50 (m, 3H), 7.48 — 7.41 (m, 2H), 7.35 — 7.05 (m, 12H),
451 —4.41 (m, 1H), 3.81 — 3.72 (m, 1H), 2.27 — 2.13 (m, 1H), 1.88 — 1.74 (m, 2H),
1.75 — 1.48 (m, 2H), 1.36 — 1.16 (m, 1H), 1.14 — 1.03 (m, 1H). *C NMR (150 MHz,
CDCl3) 6 = 144.5, 144.3, 133.3 (d, J = 80.3 Hz), 133.2 (d, J = 80.2 Hz), 131.9 (d, J =
9.0 Hz), 131.8 (d, J= 2.9 Hz), 131.4 (d, J = 9.5 Hz), 131.21 (d, J = 3.1 Hz), 131.15,
131.1, 130.6, 128.9 (d, J = 11.6 Hz), 128.8 (d, J = 11.6 Hz), 128.5, 128.1 (d, /= 6.0
Hz), 128.0 (d,J=5.6 Hz), 127.7, 127.6, 125.8, 125.7, 74.1, 74.0, 46.6 (d, J= 50.1 Hz),
46.1 (d, J=50.7 Hz), 38.3,38.1,29.3,29.2, 23.9 (d, J= 14.2 Hz), 23.7 (d, J = 14.0 Hz).
3P NMR (243 MHz, CDCl3) 6 = 50.3, 50.2. HR-MS (ESI) m/z calcd for C290H29CIOPS

[M + H] " 491.1360, found 491.1350.
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(5-Hydroxy-5-phenyl-1-(4-(trifluoromethyl) phenyl) pentyl) diphenylphosphine
sulfide ([S]-49)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(4-
(trifluoromethyl) phenyl) prop-2-en-1-ol (0.6 mmol, 121 mg) and diphenylphosphine
(0.6 mmol, 105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred
at room temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1)
yielded [S]-49 (188.0 mg, 72%, d. r. = 1: 1) as white solid. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
8.13 — 8.03 (m, 2H), 7.61 — 7.51 (m, 3H), 7.45 — 7.40 (m, 2H), 7.38 — 7.33 (m, 2H),
7.33 —7.11 (m, 10H), 4.49 — 4.40 (m, 1H), 3.93 — 3.82 (m, 1H), 2.32 — 2.21 (m, 1H),
1.88 (s, 1H), 1.87 = 1.77 (m, 1H), 1.74 — 1.50 (m, 2H), 1.33 — 1.24 (m, 1H), 1.23 - 1.15
(m, 0.52H), 1.13 — 1.02 (m, 0.49H). '*C NMR (150 MHz, CDCl3) § = 144.4, 144.3,
139.1 (d,J=14.7 Hz), 139.0 (d, /= 14.4 Hz), 131.9 (d, /= 90.8 Hz), 131.7 (d, /= 80.5
Hz), 131.3 (d, J=91.1 Hz), 130.9 (d, /= 77.3 Hz), 130.2 (d, /J=5.4 Hz), 129.4 (q, J =
31.7 Hz).129.0 (d, J = 11.6 Hz), 128.9 (d, J = 11.5 Hz), 128.48, 128.46, 128.1 (d, J =
11.9 Hz), 127.7, 127.6, 125.8, 125.7, 125.0 (q, J = 271.9 Hz), 124.7 (q, J = 6.3 Hz),
74.1, 74.0, 47.2 (d, J=49.9 Hz), 46.6 (d, J = 49.5 Hz), 38.3, 38.1, 29.3, 29.1, 23.9 (d,
J =143 Hz), 23.7 (d, J = 13.9 Hz). *'P NMR (243 MHz, CDCl3) 6 = 50.5, 50.4. °F
NMR (565 MHz, CDCl3) 6 =-62.41, -62.43. HR-MS (ESI) m/z calcd for C30H29F30PS
[M +H] " 525.1624, found 525.1621.

(1-(4-(Dimethylamino) phenyl)-5-hydroxy-5-phenylpentyl) diphenylphosphine

sulfide ([S]-50)

NM62
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The procedure was followed using I-phenylethanol (0.5 mmol, 61 mg), 3-(4-
(dimethylamino) phenyl) prop-2-en-1-ol (0.6 mmol, 106 mg) and diphenylphosphine
(0.6 mmol, 105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred
at room temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1)
yielded [S]-50 (188.5 mg, 76%, d. r. = 1: 0.8) as white solid. Diastereomeric ratio was
determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) J =
8.11 — 8.02 (m, 2H), 7.58 — 7.47 (m, 3H), 7.48 — 7.40 (m, 2H), 7.33 — 7.15 (m, 8H),
7.06 — 6.97 (m, 2H), 6.54 — 6.46 (m, 2H), 4.51 — 4.42 (m, 1H), 3.74 — 3.66 (m, 1H),
2.87 (s, 6H), 2.25 —2.13 (m, 1H), 1.86 — 1.51 (m, 4H), 1.42 — 1.32 (m, 0.51H), 1.31 —
1.24 (m, 1H), 1.17 — 1.07 (m, 0.48H). *C NMR (150 MHz, CDCls) 6 = 144.63, 144.55,
132.6 (d,J=79.6 Hz), 132.5 (d,/="79.1 Hz), 132.03 (d,/J= 1.8 Hz), 131.98 (d, /= 1.6
Hz), 131.8, 130.65 (d, J=9.4 Hz), 131.57 (d, /=9.4 Hz), 131.5 (d, /= 1.8 Hz), 131.3,
130.8 (d, J = 2.9 Hz), 130.60, 130.56, 128.7 (d, J = 4.1 Hz), 128.6 (d, J = 4.0 Hz),
128.44, 128.42, 1279 (d, J = 11.9 Hz), 127.8 (d, J = 11.6 Hz), 127.5, 125.9, 125.8,
112.1, 74.2, 74.1, 46.3 (d, J = 51.0 Hz), 45.9 (d, J = 50.3 Hz), 40.6, 40.5, 38.5, 38.3,
29.2,29.1,23.9 (d, J = 14.4 Hz), 23.8 (d, J = 14.4 Hz). *'P NMR (243 MHz, CDCl3) §
= 50.3, 50.2. HR-MS (ESI) m/z caled for C31H3sNOPS [M + H] ™ 500.2172, found
500.2168.

(5-Hydroxy-1-(naphthalen-1-yl)-5-phenylpentyl) diphenylphosphine sulfide
(IS]-51)

e
.S
P
O Phy

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-
(naphthalen-2-yl) prop-2-en-1-ol (0.6 mmol, 111 mg) and diphenylphosphine (0.6
mmol, 105 uL) stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at
room temperature for 1.0 h. Purification by column chromatography (PE/EA = 5/1)

yielded [S]-51 (176.6 mg, 70%, d. r. = 1: 0.9) as white solid. Diastereomeric ratio was
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determined by NMR analysis of the crude mixture. 'H NMR (600 MHz, CDCls) ¢ =
8.28 — 8.16 (m, 2H), 8.15 — 8.07 (m, 1H), 7.72 — 7.55 (m, 6H), 7.52 — 7.45 (m, 1H),
7.32 —7.26 (m, 1H), 7.25 — 7.07 (m, 7H), 7.06 — 6.99 (m, 1H), 6.98 — 6.91 (m, 1H),
6.84 — 6.75 (m, 2H), 4.84 — 4.77 (m, 1H), 4.38 — 4.33 (m, 1H), 2.46 — 2.35 (m, 1H),
2.09 — 1.94 (m, 1H), 1.77 — 1.47 (m, 3H), 1.37 — 1.08 (m, 2H). '*C NMR (150 MHz,
CDCl3) 0 =144.5,144.3,133.4, 132.8 (d, /= 80.1 Hz), 132.3 (d,J=9.0 Hz), 132.2 (d,
J=9.2Hz), 132.1 (d, J = 80.8 Hz), 131.8 (d, J = 2.9 Hz), 131.2, 131.1, 130.7 (d, J =
2.1 Hz), 128.93 (d, /= 11.5 Hz), 128.90 (d, /= 11.0 Hz), 128.9, 128.4, 128.3, 127.9,
127.50, 127.46,127.4,127.0, 126.8, 125.8, 125.73, 125.72, 125.3 (d, /=3.6 Hz), 124.9
(d, J=6.3 Hz), 121.9 (d, J= 3.4 Hz), 74.03, 73.96, 39.6 (d, /= 51.0 Hz), 39.1 (d, J =
50.6 Hz), 38.7, 38.4, 31.1, 30.9, 24.0 (d, J = 14.0 Hz), 23.8 (d, J = 14.0 Hz). *'P NMR
(243 MHz, CDCLs) 6 = 51.5, 51.4. HR-MS (ESI) m/z caled for C33H3,OPS [M + H] *
507.1906, found 507.1900.

(5-Hydroxy-5-phenyl-1-(thiophen-2-yl) pentyl) diphenylphosphine sulfide ([S]-
52)

OH

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(thiophen-
2-yl) prop-2-en-1-o0l (0.6 mmol, 84 mg) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-52 (160.5
mg, 70%, d. r. = 1: 0.8) as yellow solid. Diastereomeric ratio was determined by NMR
analysis of the crude mixture. '"H NMR (600 MHz, CDCl3) § = 8.13 — 7.99 (m, 2H),
7.65 — 7.48 (m, 5H), 7.38 — 7.16 (m, 8H), 7.13 — 7.01 (m, 1H), 6.89 — 6.75 (m, 2H),
4.54 — 4.44 (m, 1H), 4.19 — 4.08 (m, 1H), 2.21 — 2.10 (m, 1H), 1.92 — 1.51 (m, 4H),
1.50 — 1.11 (m, 2H). 3C NMR (150 MHz, CDCl3) § = 144.6, 144.5, 137.3 (d,J=5.9
Hz), 137.2 (d,J=5.7 Hz), 131.9 (d, J=9.1 Hz), 131.8 (d, /= 79.5 Hz), 131.5 (d, J =
9.4 Hz), 131.3 (d,J=179.2 Hz), 131.2, 130.7, 128.9 (d, /= 11.4 Hz), 128.8 (d,J=11.9
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Hz), 128.5, 128.1, 128.0, 127.6 (d, J = 3.1 Hz), 127.5 (d, J = 3.9 Hz), 126.3, 125.9,
125.8, 125.0 (d, J = 3.5 Hz), 124.9 (d, J = 3.4 Hz), 74.1, 74.0, 43.4 (d, J = 53.2 Hz),
42.9 (d, J=52.5 Hz), 38.4, 38.2, 31.24, 31.16, 23.9 (d, J= 13.5 Hz), 23.8 (d, J=13.5
Hz). *'P NMR (243 MHz, CDCl3) § = 50.0, 49.9. HR-MS (ESI) m/z caled for
C27H2s0PS; [M + H] * 463.1314, found 463.1316.

(1-(Furan-2-yl)-5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide ([S]-53)

OH

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), 3-(furan-2-
yl) prop-2-en-1-ol (0.6 mmol, 75 mg) and diphenylphosphine (0.6 mmol, 105 uL)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-53 (146.8
mg, 66%, d. r. = 1: 0.8) as green solid. Diastereomeric ratio was determined by NMR
analysis of the crude mixture. "H NMR (600 MHz, CDCl;) § = 8.01 — 7.88 (m, 2H),
7.65 —7.55 (m, 2H), 7.56 — 7.42 (m, 3H), 7.41 — 7.33 (m, 1H), 7.33 — 7.09 (m, 8H),
6.32 — 6.11 (m, 2H), 4.54 — 4.36 (m, 1H), 4.07 — 3.95 (m, 1H), 2.21 — 2.03 (m, 2H),
1.90 — 1.48 (m, 3H), 1.45 — 1.11 (m, 2H). 3*C NMR (150 MHz, CDCl3) 6 = 149.4 (d, J
= 8.6 Hz), 144.6, 144.5, 141.7, 131.8 (d, J=9.7 Hz), 131.7 (d, J = 10.1 Hz), 131.6 (d,
J=10.0 Hz), 131.4 (d, J = 2.6 Hz), 130.98 (d, J = 79.1 Hz), 130.95 (d, J = 79.8 Hz),
128.8 (d,J=11.5Hz), 128.7 (d,J=11.5 Hz), 128.4, 128.1 (d, /= 12.1 Hz) x 2C, 127.6,
127.5,125.9, 125.8, 110.8, 109.28 (d, J = 5.4 Hz), 109.23 (d, J = 5.4 Hz), 74.2, 74.0,
42.5 (d,J=53.7 Hz), 42.1 (d, J = 53.1 Hz), 38.3, 38.2, 28.72, 28.68, 24.1 (d, J = 14.0
Hz), 24.0 (d, J = 14.0 Hz). >'P NMR (243 MHz, CDCls) J = 48.7, 48.6. HR-MS (ESI)
m/z caled for C27H2302PS [M + H] " 447.1542, found 447.1540.

36



(1-Hydroxy-1-phenylundec-8-en-5-yl) diphenylphosphine sulfide ([S]-54)

Me

OH

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), cucumber
alcohol (0.6 mmol, 87 mg) and diphenylphosphine (0.6 mmol, 105 uL) stirred at 100 T
for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-54 (200.2 mg, 87%,
d. r. = 1: 0.8) as colorless oil. Diastereomeric ratio was determined by NMR analysis
of the crude mixture. '"H NMR (600 MHz, CDCl3) 6 = 7.98 — 7.88 (m, 4H), 7.48 — 7.38
(m, 6H), 7.33 — 7.27 (m, 2H), 7.29 — 7.18 (m, 3H), 5.37 — 5.28 (m, 1H), 5.15 — 5.05 (m,
1H), 4.53 — 4.43 (m, 1H), 2.59 — 2.52 (m, 1H), 2.05 — 1.35 (m, 12H), 1.26 — 1.15 (m,
0.65H), 1.13 — 1.04 (m, 0.51H), 0.89 — 0.81 (m, 3H). '3C NMR (150 MHz, CDCl3) § =
144.53, 144.46, 132.8,132.6 (d, J=77.2 Hz), 132.4 (d, J=76.2 Hz), 131.53 (d, J=3.1
Hz), 131.47 (d, J=3.1 Hz), 131.39 (d, J= 8.4 Hz), 131.38 (d, J= 8.3 Hz), 131.34 (d, J
=8.4 Hz), 131.32 (d, J=8.2 Hz), 128.61 (d, J=11.8 Hz), 128.59 (d, J=11.7 Hz) x 2C,
128.52 (d,J=11.5 Hz), 128.46, 127.69, 127.66, 127.56, 127.55, 125.84, 125.83, 73.98,
73.97, 39.0, 38.9, 37.3 (d, J = 54.2 Hz) x 2C, 29.2, 29.0, 28.9, 25.9 (d, /= 10.9 Hz),
25.8 (d, J=10.7 Hz), 24.6 (d, J = 10.3 Hz), 24.5 (d, J= 10.3 Hz), 20.5, 14.4.>'P NMR
(243 MHz, CDCLs) 6 = 52.2, 52.0. HR-MS (ESI) m/z caled for C20H3OPS [M + H] ™
463.2219, found 463.2212.

((5-Hydroxy-5-phenylpentyl) di-p-tolylphosphine sulfide ([S]-55)
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The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 uL) and di-p-tolylphosphane (0.6 mmol, 129 mg) stirred at
100 <T for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature for 1.0 h.
Purification by column chromatography (PE/EA = 5/1) yielded [S]-55 (180.3 mg, 88%)
as yellow oil. '"H NMR (600 MHz, CDClz) 6 = 7.71 — 7.59 (m, 4H), 7.31 — 7.15 (m,
9H), 4.60 — 4.50 (m, 1H), 2.47 — 2.23 (m, 9H), 1.77 — 1.67 (m, 1H), 1.68 — 1.53 (m,
3H), 1.51 — 1.40 (m, 1H), 1.40 — 1.28 (m, 1H). '*C NMR (150 MHz, CDCl3) 6 = 144.7,
1419 (d,J=29 Hz), 131.1 (d, J=10.5 Hz), 131.0 (d, /= 10.7 Hz), 130.0 (d, J = 82.5
Hz), 129.9 (d, /= 82.0 Hz), 129.4 (d, /= 12.2 Hz), 128.4, 127.5, 125.9, 74.1, 38.5, 32.6
(d,J=56.9 Hz), 26.8 (d, /= 17.0 Hz), 22.1 (d, J = 2.7 Hz), 21.5.*'P NMR (243 MHz,
CDCl3) 6 = 42.0. HR-MS (ESI) m/z caled for C2sH30OPS [M + H] © 409.1750, found
409.1745.

(5-Hydroxy-5-phenylpentyl) bis(4-methoxyphenyl) phosphine sulfide ([S]-56)

OMe

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 xI.) and bis(4-methoxyphenyl) phosphane (0.6 mmol, 148 mg)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-56 (189.2
mg, 86%) as yellow oil. 'H NMR (600 MHz, CDCl3) 6 = 7.74 — 7.65 (m, 4H), 7.33 —
7.21 (m, 5H), 7.03 — 6.84 (m, 4H), 4.63 — 4.50 (m, 1H), 3.80 (s, 6H), 2.41 — 2.20 (m,
3H), 1.79 — 1.71 (m, 1H), 1.69 — 1.54 (m, 3H), 1.51 — 1.41 (m, 1H), 1.40 — 1.31 (m,
1H). 3C NMR (150 MHz, CDCl3) 6 = 162.0 (d, J = 2.8 Hz), 144.7,132.9 (d, J=11.8
Hz), 132.8 (d, /= 11.6 Hz), 128.4, 127.5, 125.9, 124.5 (d, J = 86.2 Hz), 123.8 (d, J =
85.4 Hz), 114.1 (d, J = 12.9 Hz), 74.1, 55.4, 38.5, 33.0 (d, /= 57.4 Hz), 26.7 (d, J =
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16.9 Hz), 22.2 (d, J = 2.6 Hz).*'P NMR (243 MHz, CDCl3) 6 = 41.1. HR-MS (ESI)
m/z caled for C2sH3003PS [M + H] " 441.1648, found 441.1639.

Bis(3,5-dimethylphenyl) (5-hydroxy-5-phenylpentyl) phosphine sulfide ([S]-57)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 uL) and bis(3,5-dimethylphenyl) phosphane (0.6 mmol, 145 mg)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-57 (206.8
mg, 94%) as white oil. 'H NMR (600 MHz, CDCl3) § = 7.40 — 7.35 (m, 4H), 7.35 —
7.23 (m, 5H), 7.11 — 7.08 (m, 2H), 4.66 — 4.58 (m, 1H), 2.43 —2.35 (m, 2H), 2.33 (s,
12H), 1.86 (s, 1H), 1.83 — 1.75 (m, 1H), 1.73 — 1.58 (m, 3H), 1.55 — 1.46 (m, 1H), 1.44
—1.34 (m, 1H). *C NMR (150 MHz, CDCl3) 6 = 144.6, 138.3 (d, J = 12.7 Hz), 133.2
(d, J=3.0 Hz), 133.0 (d, /= 80.0 Hz), 132.4 (d, /= 79.0 Hz), 128.7 (d, J = 10.4 Hz),
128.6 (d, J=10.0 Hz), 128.5, 127.6, 125.9, 74.3, 38.5,32.3 (d, /= 56.5 Hz), 26.8 (d, J
=16.6 Hz), 22.0 (d, J = 2.5 Hz), 21.4.*'P NMR (243 MHz, CDCl;) 6 = 42.4. HR-MS
(ESI) m/z calcd for C27H340PS [M + H] " 437.2063, found 437.2055.

Bis(4-fluorophenyl) (5-hydroxy-5-phenylpentyl) phosphine sulfide ([S]-58)

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 xL) and bis(4-fluorophenyl) phosphane (0.6 mmol, 133 mg)

stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
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for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-58 (156.2
mg, 75%) as colorless oil. '"H NMR (600 MHz, CDCLs) § = 7.82 — 7.73 (m, 4H), 7.31 —
7.20 (m, SH), 7.16 — 7.07 (m, 4H), 4.64 — 4.46 (m, 1H), 2.45 — 2.30 (m, 3H), 1.78 —
1.69 (m, 1H), 1.68 — 1.54 (m, 3H), 1.51 — 1.42 (m, 1H), 1.40 — 1.30 (m, 1H). *C NMR
(150 MHz, CDCl3) 6 = 165.6 (d, J = 254.1 Hz), 163.9 (d, J = 253.7 Hz), 144.6, 133.6
(d, J=9.0 Hz), 133.56 (d, J = 8.9 Hz), 133.54 (d, J = 8.8 Hz), 133.4 (d, J = 8.9 Hz),
128.9 (d, J = 83.0 Hz), 128.8 (d, J = 82.5 Hz), 128.5, 128.4 (d, J = 82.5 Hz), 128.3 (d,
J=82.5Hz), 127.6, 1259, 116.1 (d, /= 13.3 Hz), 116.0 (d, J = 13.2 Hz), 74.0, 38.4,
32.7(d,J=57.1 Hz), 26.7 (d, J=16.7 Hz), 22.1 (d, J = 2.7 Hz). *'P NMR (243 MHz,
CDCls) § = 41.3. '9F NMR (565 MHz, CDCls) § = -107.4. HR-MS (ESI) m/z calcd for
Ca3HosF2OPS [M + H] © 417.1248, found 417.1249.

Bis(4-chlorophenyl) (5-hydroxy-5-phenylpentyl) phosphine sulfide ([S]-59)

Cl

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 uL) and bis(4-chlorophenyl) phosphane (0.6 mmol, 153 mg)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-59 (179.2
mg, 80%) as yellow oil. '"H NMR (600 MHz, CDCls) 6 = 7.75 — 7.64 (m, 4H), 7.46 —
7.37 (m, 4H), 7.32 — 7.18 (m, 5H), 4.62 — 4.51 (m, 1H), 2.42 — 2.31 (m, 2H), 2.27 (s,
1H), 1.79 — 1.70 (m, 1H), 1.68 — 1.52 (m, 3H), 1.52 — 1.41 (m, 1H), 1.40 — 1.31 (m,
1H). '*C NMR (150 MHz, CDCl3) § = 144.5, 138.3 (d, J= 3.6 Hz), 132.5 (d, J=11.2
Hz), 132.4 (d, J=11.3 Hz), 131.4 (d, J = 81.4 Hz), 130.8 (d, /= 81.0 Hz), 129.1 (d, J
=12.6 Hz), 128.5, 127.6, 125.9, 74.1, 38.4,32.3 (d, /= 56.9 Hz), 26.7 (d, J = 16.9 Hz),
22.0 (d,J=2.6 Hz).*'PNMR (243 MHz, CDCl3) § = 41.7. HR-MS (ESI) m/z calcd for
C23H24C1L,OPS [M + H] " 449.0657, found 449.0649.
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(5-Hydroxy-5-phenylpentyl) di(naphthalen-2-yl) phosphine sulfide ([S]-60)

OH I

s L
%

The procedure was followed using 1-phenylethanol (0.5 mmol, 61 mg), allylic
alcohol (0.6 mmol, 42 uL) and di(naphthalen-2-yl) phosphane (0.6 mmol, 172 mg)
stirred at 100 <C for 15 h. Treated with Sg (1.5 equiv) and stirred at room temperature
for 1.0 h. Purification by column chromatography (PE/EA = 5/1) yielded [S]-60 (215.1
mg, 90%) as pink solid. 'TH NMR (600 MHz, CDCl3) § = 8.51 — 8.41 (m, 2H), 7.95 —
7.82 (m, 6H), 7.76 — 7.69 (m, 2H), 7.61 — 7.52 (m, 4H), 7.32 — 7.19 (m, 5H), 4.63 —
4.54 (m, 1H), 2.66 — 2.56 (m, 2H), 1.89 (s, 1H), 1.81 — 1.62 (m, 4H), 1.58 — 1.48 (m,
1H), 1.47 - 1.37 (m, 1H). *C NMR (150 MHz, CDCls) 6 = 144.5, 134.4 (d, J=2.2 Hz),
133.1 (d, J = 10.1 Hz), 133.0 (d, J = 10.1 Hz), 132.6, 132.5, 130.2 (d, J = 80.7 Hz),
129.6 (d, /= 80.7 Hz), 129.0, 128.6 (d, /= 11.6 Hz), 128.5, 128.2, 127.8, 127.6, 127.1,
1259 (d, J=10.5 Hz), 125.8, 74.2, 38.4, 32.2 (d, J = 56.7 Hz), 26.8 (d, J = 16.8 Hz),
22.1(d,J=2.1Hz).*'PNMR (243 MHz, CDCl3) § = 42.9. HR-MS (ESI) m/z calcd for
C31H30OPS [M + H] * 481.1750, found 481.1751.
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Gram scale reaction and derivatizations of product

Gram-scale reaction

on [Mn] (1.0 mol%) OH 'j'/Tr\
()
)\' e ULOH 4 PP, KOtBu (50 mol%) Ph)\N\P//S + H0 + Hy | <N\Mn.‘\\PPh2
Ph t-AmOH (10 mL) Ph, P” | ~co
100 °C, 15 h Ph, CO
5.0 mmol 6.0 mmol 6.0 mmol S8 (1.5 equiv) [S1-4, 85% yield
it, 1.0 h

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (100 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%, 32 mg). Dry and degassed
t-AmOH (10 mL) and KO7Bu (50 mol%, 280 mg) were added and stirred at room
temperature for 5.0 min. Then allylic alcohol (6.0 mmol, 420 xL), diphenylphosphine
(6.0 mmol, 1.05 mL) and 1-phenylethanol (5.0 mmol, 610 mg) were added in sequence.
The tube was brought out of the glovebox and heated at 100 °C for 15 h. Upon reaction
completion, Sg (7.5 mmol, 1.5 equiv) was added and further stirred at room temperature
for 1.0 h in N2 atmosphere. The mixture was purified by column chromatography on
silica gel (100-200 mesh) using PE/EA (5/1) as an eluent to afford desired product [S]-
4 (1.49 g, 85%).

Derivatizations of product

0
OH 0 Et,N, THF P
Lo o Toene LP
Ph P Ph” >cl 0°Cto70°C Ph)\/\/\Pés
2 50h "~ Ph,
[S]-4 61, 99% vield

To a 10 mL Schlenk tube with a stir bar was added [S]-4 (190 mg, 0.5 mmol), EtsN
(139 L, 1.0 mmol) and THF (2.0 mL). The solution was added benzoyl chloride (117
HL, 1.0 mmol) dropwise at 0 °C and then stirred at 70 °C for 5.0 h. Upon reaction
completion, the mixture was extracted with DCM and H>O. The organic phase was
dried over anhydrous Na;SO4 and concentrated under vacuum. The residue was purified
by column chromatography over silica gel (PE/EA = 5/1) to afford 61 (240.0 mg, 99%)
as a colorless oil. '"H NMR (600 MHz, CDCl3) § = 8.13 —8.03 (m, 2H), 7.83 — 7.75 (m,
4H), 7.61 — 7.51 (m, 1H), 7.46 — 7.38 (m, 8H), 7.36 — 7.28 (m, 4H), 7.28 — 7.23 (m,

1H), 5.95 — 5.90 (m, 1H), 2.48 — 2.36 (m, 2H), 2.09 — 1.99 (m, 1H), 1.93 — 1.83 (m,
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1H), 1.74 — 1.64 (m, 2H), 1.56 — 1.46 (m, 1H), 1.46 — 1.36 (m, 1H). *C NMR (150
MHz, CDCl3) 6 = 165.8, 140.5, 133.1, 132.6 (d, J = 79.3 Hz), 132.5 (d, J = 79.7 Hz),
131.5 (d, /= 2.6 Hz), 131.13 (d, J = 9.8 Hz), 131.11 (d, J = 10.0 Hz), 130.4, 129.7,
128.73, 128.72, 128.65, 128.64 (d, J = 11.9 Hz), 128.5, 128.0, 126.4, 76.4, 36.1, 32.5
(d,J=56.7Hz),26.7 (d,J=16.8 Hz), 22.2 (d,J=2.6 Hz).*'P NMR (243 MHz, CDCls)
0 =42.5. HR-MS (ESI) m/z calcd for C30H30O02PS [M + H] " 485.1699, found 485.1708.

1
_PPh,

Et;N, THF o
Ph)\/\/\P//S +  Ph,PCI )\/\/\ <
(o} [o} -
Ph, 0°C to 60 °C Ph p~
overnight Phy
[S]-4 then 1.5 equiv Sg 62, 82% yield
rt, 1.0 h

To a 50 mL Schlenk tube with a stir bar was added [S]-4 (380 mg, 1.0 mmol), Et:N
(555 L, 4.0 mmol), and THF (5.0 mL). The solution was then cooled to 0 °C and added
chlorodiphenylphosphine (330 mg, 1.5 mmol) dropwise. The resulting mixture was
kept at 0 °C and stirred for 30 min. Then the reaction was heated to 60 °C and stirred
overnight. Upon reaction completion, Sg (1.5 equiv) was added to the solution and
further stirred at room temperature for 1.0 h. Then the crude product was purified by
column chromatography over silica gel (PE/EA = 3/1) to afford the pure product 62
(485.5 mg, 82% yield) as white solid. '"H NMR (600 MHz, CDCl3) 6 = 7.94 — 7.89 (m,
2H), 7.88 — 7.79 (m, 4H), 7.64 — 7.57 (m, 2H), 7.52 — 7.41 (m, 9H), 7.36 — 7.31 (m,
1H), 7.26 — 7.15 (m, 7H), 5.60 — 5.52 (m, 1H), 2.51 — 2.40 (m, 1H), 2.37 — 2.28 (m,
1H), 2.14 — 2.06 (m, 1H), 1.91 — 1.84 (m, 1H), 1.70 — 1.56 (m, 2H), 1.48 — 1.29 (m,
2H). 3C NMR (150 MHz, CDCl3) 6 = 140.2 (d, J = 3.4 Hz), 135.4 (d, J = 115.0 Hz),
1343 (d,J=106.6 Hz), 133.2 (d, /= 79.6 Hz), 132.4 (d,/J=79.9 Hz), 131.8 (d,J=2.9
Hz), 131.52 (d, J=3.1 Hz), 131.49, 131.46, 131.4 (d, J=11.5 Hz), 131.2 (d, J=10.0
Hz), 131.1 (d, J=10.0 Hz), 131.0 (d, /= 11.1 Hz), 128.7 (d, J=11.7 Hz), 128.6 (d, J
=11.6 Hz), 128.5, 128.4, 128.3, 128.00, 127.99, 127.9, 126.9, 78.0 (d, /= 5.8 Hz), 37.2
(d, J=4.7 Hz), 32.4 (d, J = 56.7 Hz), 26.1 (d, J= 17.2 Hz), 21.9 (d, J = 2.4 Hz). ’'P
NMR (243 MHz, CDCl3) ¢ = 81.3, 42.6. HR-MS (ESI) m/z calcd for C35H350P2S; [M
+H] " 597.1599, found 597.1597.

43



(o}

OH CI)LNiPrZ 0~ "NPr, n-BulLi /S

"p
)\/\/\ 2SS T~ W S ————=
Ph P Et;N,DCM  Ph P Ph,

Et,O/ THF Ph
2 45°C, 48 h 2 0°Ctor, 5.0h
[S]-4 63, 85% yield 64, 79% yield

A solution of [S]-4 (380 mg, 1.0 mmol), (dimethylamino)acetyl chloride (200 mg,
1.2 equiv) and EtsN (168 uL, 1.2 equiv) in dry DCM (2.0 mL) was heated under reflux
for 48 h. Upon reaction completion, the mixture was extracted with DCM and H>O. The
organic phase was dried over anhydrous Na>xSO4 and concentrated under vacuum. The
residue was purified by column chromatography over silica gel (PE/EA = 3/1) to afford
63 (431.0 mg, 85%) as yellow solid. '"H NMR (600 MHz, CDCl3) § = 7.84 — 7.72 (m,
4H), 7.51 — 7.38 (m, 6H), 7.35 — 7.17 (m, 5H), 5.63 (t, /=6.8 Hz, 1H), 4.15 — 4.00 (m,
1H), 3.87 — 3.69 (m, 1H), 2.49 — 2.31 (m, 2H), 1.99 — 1.89 (m, 1H), 1.82 — 1.73 (m,
1H), 1.69 — 1.54 (m, 2H), 1.49 — 1.40 (m, 1H), 1.37 — 1.28 (m, 1H), 1.26 — 1.09 (m,
12H). *C NMR (150 MHz, CDCl3) § = 155.0, 141.3, 133.1 (d, J = 79.8 Hz), 132.5 (d,
J=79.4Hz), 131.46 (d, J=4.9 Hz), 131.45, 131.1 (d, J=9.8 Hz), 131.0 (d, /= 10.0
Hz), 128.6 (d, J=12.0 Hz), 128.4, 127.6, 126.5, 76.4, 36.4, 32.6 (d, /= 56.6 Hz), 26.7
(d,J=17.0 Hz),22.2 (d, J=2.4 Hz), 21.8, 20.6.*'P NMR (243 MHz, CDCl3) 6 = 42.5.
HR-MS (ESI) m/z calcd for C30H3oNO,PS [M + H] © 508.2434, found 508.2431.

Compound 63 (102 mg, 0.2 mmol) and n-BuLi (1.6 M solution in hexanes, 1.5 equiv)
in dry diethyl ether (0.5 mL) and THF (0.5 mL) were stirred for 1.0 h at 0 °C. After
stirring for additional 4.0 h at room temperature and purification by column
chromatography over silica gel (PE/EA = 5/1) to afford the pure product 64 (57.0 mg,
79% yield) as white solid. "TH NMR (600 MHz, CDCl3) 6 = 7.93 — 7.84 (m, 2H), 7.63 —
7.52 (m, 2H), 7.49 — 7.36 (m, 3H), 7.24 — 7.16 (m, 1H), 7.12 — 7.04 (m, 2H), 7.02 —
6.95 (m, 3H), 6.91 — 6.82 (m, 2H), 3.61 — 3.46 (m, 1H), 3.38 — 3.20 (m, 1H), 2.27 —
2.14 (m, 2H), 2.08 — 1.97 (m, 1H), 1.94 — 1.86 (m, 2H), 1.85 — 1.77 (m, 1H). 1*C NMR
(150 MHz, CDCl3) 6 = 145.2 (d,J=3.2 Hz), 133.7 (d, /= 78.2 Hz), 131.6 (d, /= 10.0
Hz), 131.5 (d,J=77.8 Hz), 131.2 (d, /= 3.4 Hz), 131.1 (d, /= 10.0 Hz), 130.8 (d, J =
3.0 Hz), 128.5 (d, /= 11.6 Hz), 128.1, 127.8 (d, J = 12.1 Hz), 127.4, 125.8, 46.8, 45.7

(d, J=156.3 Hz), 38.0 (d, J = 9.4 Hz), 29.1, 26.8 (d, J = 7.2 Hz). *'P NMR (243 MHz,
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CDCls) 6 = 52.0. HR-MS (ESI) m/z caled for C2sHasPS [M + H]* 363.1331, found

363.1322.
SH Me
OH ZnCl,, DCM
+ —_—
Ph, Ph)\/\/\ P//S
Me Ph
[S]-4 65, 99% yield

A mixture of (5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide [S]-4 (190 mg,
0.5 mmol), 4-methylbenzenethiol (62.1 mg, 0.5 mmol), ZnCl (10 mol%) and dry DCM
(1.5 mL) was placed in a 10 mL Schlenk tube. The reaction contents were stirred
magnetically at 60 °C for 5.0 h. Upon reaction completion, the mixture was quenched
with H2O and extracted with DCM. The combined organic layer was dried over
anhydrous Na;SOys, filtered, and the solvent removed under vacuum to get crude
product, which was purified by column chromatography (PE/EA = 5/1) to yield 65
(240.0 mg, 99% yield) as colorless oil. 'H NMR (600 MHz, CDCl3) § = 7.80 — 7.73 (m,
4H), 7.48 — 7.44 (m, 2H), 7.44 — 7.40 (m, 4H), 7.24 — 7.20 (m, 2H), 7.19 — 7.16 (m,
1H), 7.16 — 7.12 (m, 2H), 7.12 — 7.09 (m, 2H), 6.99 — 6.95 (m, 2H), 3.99 — 3.95 (m,
1H), 2.39 — 2.29 (m, 2H), 2.25 (s, 3H), 1.96 — 1.81 (m, 2H), 1.65 — 1.53 (m, 2H), 1.45
—1.29 (m, 2H). *C NMR (150 MHz, CDCls) 6 = 142.0, 137.4, 133.2, 133.1 (d, J= 80.1
Hz), 133.1 (d, J=79.5 Hz), 131.5 (d, J=3.2 Hz), 131.2 (d, J=10.0 Hz), 131.0 (d, J =
10.4 Hz), 129.5, 128.7 (d, /= 12.1 Hz), 128.4, 127.8, 127.1, 126.0, 53.7, 35.5, 32.4 (d,
J=156.5 Hz), 28.5 (d, J = 17.0 Hz), 21.8 (d, J = 2.6 Hz), 21.2. *'P NMR (243 MHz,
CDCl3) 6 = 42.5. HR-MS (ESI) m/z calcd for C30H32PS: [M + H] " 487.1678, found
487.1670.

OH PBr;, Dry DCM Br HPPh,, KOtBu S\\PF’hZ
)\/\/\ S )\/\/\ S T — _—— = )\/\/\ 2S
Ph p Ph p Dry THF Ph p

0°Ctort, 6.0h b
70 °C, overnight 2

Ph, Ph;
. then Sg, 1.0 h, rt .
[S]-4 66, 70% vyield 67, 96% vyield

To a 10 mL Schlenk tube with a stir bar was added [S]-4 (380 mg, 1.0 mmol) and dry
DCM (2.0 mL). The solution was added PBr3; (104 pL, 1.1 mmol) dropwise at 0 °C and

then stirred at room temperature for 6.0 h. Upon reaction completion, the mixture was
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quenched with H>O at 0 °C and neutralized with saturated NaHCO3 solution. Then the
mixture was extracted with DCM and the organic phase was dried over NaSO4 and
concentrated under vacuum. The residue was purified by column chromatography over
silica gel (PE/EA = 5/1) to afford 66 (310.1 mg, 70%) as a white oil. "H NMR (600
MHz, CDCl3) 6 = 7.83 — 7.78 (m, 4H), 7.52 — 7.47 (m, 2H), 7.47 — 7.40 (m, 4H), 7.33
—7.25 (m, 5H), 4.90 — 4.84 (m, 1H), 2.46 — 2.37 (m, 2H), 2.34 — 2.18 (m, 1H), 2.14 —
2.06 (m, 1H), 1.71 — 1.62 (m, 3H), 1.45 — 1.35 (m, 1H). 3*C NMR (150 MHz, CDCl;)
0=141.9, 133.0 (d, /= 80.4 Hz), 132.4 (d, J=79.7 Hz), 131.5 (d, J = 3.1 Hz), 131.1
(d, /=10.0 Hz), 131.0 (d, /= 10.6 Hz), 128.74 (d, J=11.9 Hz), 128.66, 128.4, 127.2,
55.1,39.5,32.4 (d, J=56.5 Hz), 29.2 (d, J= 16.8 Hz), 21.6 (d, J = 2.4 Hz).*'P NMR
(243 MHz, CDCl3) 6 = 42.5. HR-MS (ESI) m/z caled for C23H2sBrPS [M + H']
443.0593, found 443.0593.

To a 10 mL Schlenk tube with a stir bar was added 66 (200 mg, 0.45 mmol),
diphenylphosphine (94 xL, 1.2 equiv), KOrBu (101 mg, 2.0 equiv) and THF (1.5 mL).
And the resulting reaction mixture was stirred at 70 °C overnight under nitrogen
atmosphere. Upon reaction completion, Sg (1.5 equiv) was added to the solution and
further stirred at room temperature for 1.0 h. Then the residue mixture was concentrated
under vacuum and purified by column chromatography over silica gel (PE/EA = 3/1)
to afford the pure product 67 (251.1 mg, 96% yield) as white solid. 'H NMR (600 MHz,
CDCI3) 0 =8.00 — 7.89 (m, 4H), 7.63 — 7.53 (m, 4H), 7.49 — 7.33 (m, 12H), 7.15 - 7.07
(m, 3H), 7.02 — 6.97 (m, 2H), 2.95 — 2.88 (m, 2H), 2.73 — 2.65 (m, 1H), 2.07 — 1.94 (m,
2H), 1.90 — 1.78 (m, 1H), 1.67 — 1.56 (m, 1H), 1.29 — 1.15 (m, 2H). *C NMR (150
MHz, CDCl3) 6 = 139.3 (d, J=14.4 Hz), 132.9 (d, J=79.9 Hz), 132.8 (d, /= 79.7 Hz),
132.4 (d,J=759 Hz), 132.3 (d, J=71.7 Hz), 131.6 (d, J= 2.8 Hz), 131.5 (d, J=2.9
Hz), 131.4 (d, J=9.5 Hz), 131.3 (d,J=10.0 Hz), 131.0 (d, /= 12.1 Hz), 130.9 (d, J =
12.1 Hz), 129.0, 128.71 (d, J = 12.0 Hz), 128.69 (d, J=11.9 Hz), 128.63 (d,J=12.4
Hz), 128.61 (d, J = 11.6 Hz), 126.5, 40.2 (d, J = 53.4 Hz), 35.6, 32.5 (d, J = 56.5 Hz),
29.9 (d,J=17.7Hz), 21.6 (d,J= 9.4 Hz). *'P NMR (243 MHz, CDCl3) § = 51.9, 42.0.
HR-MS (ESI) m/z calcd for C3sH3s5P2S2 [M + H] " 581.1650, found 581.1643.
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DIAD, PPhy Cul, DIPEA /N

)O\H/\/\ . DPPA, THF N3 . HOAc, DCM )N\/\/\ .
Ph p~ rt, overnight Ph)\/\/\ p~ rt, overnight Ph p~
Ph, Ph, Ph;
[S]-4 68, 76% yield 69, 97% vyield

To a cooled solution of DIAD (122 mg, 0.6 mmol) in THF (3.5 mL) was added the
(5-hydroxy-5-phenylpentyl) diphenylphosphine sulfide [S]-4 (190 mg, 0.5 mmol) and
PPh; (160 mg, 0.6 mmol). After 30 min, Diphenylphosphoryl azide (DPPA, 165 mg,
0.6 mmol) was added and the reaction mixture was allowed to warm to room
temperature. After stirring overnight, the solvent was removed in vacuum to give
yellow oil. The crude product was purified by flash column chromatography (PE/EA =
10/1) to give the desired product 68 (154.0 mg, 76%) as a colorless oil. 'H NMR (600
MHz, CDCl3) 6 = 7.83 — 7.77 (m, 4H), 7.52 — 7.41 (m, 6H), 7.36 — 7.28 (m, 3H), 7.26
—7.20 (m, 2H), 4.37 — 4.33 (m, 1H), 2.47 — 2.37 (m, 2H), 1.84 — 1.75 (m, 1H), 1.75 —
1.59 (m, 3H), 1.52 — 1.41 (m, 1H), 1.41 — 1.31 (m, 1H). '*C NMR (150 MHz, CDCls)
0=139.5,133.0 (d, J=79.5 Hz), 133.0 (d, /= 79.6 Hz), 131.5 (d, /= 2.9 Hz), 131.1
(d, J=10.0 Hz), 131.0 (d, J = 10.1 Hz), 128.8, 128.7 (d, J = 11.9 Hz), 128.3, 126.9,
66.0, 35.7,32.4 (d, J= 56.8 Hz), 27.2 (d, J= 16.7 Hz), 21.9 (d, J = 2.5 Hz). *'P NMR
(243 MHz, CDCl3) 6 = 42.5. HR-MS (ESI) m/z calcd for C23H2sN3PS [M + H] ©
406.1502, found 406.1498.

To a mixture of Cul (0.08 mg, 0.004 mmol), DIPEA (1.04 mg, 0.008 mmol), and
HOAc (0.48 mg, 0.008 mmol) in DCM (1.0 mL) was added a mixture of
ethynylbenzene (20.5 mg, 0.2 mmol) and (5-azido-5-phenylpentyl) diphenylphosphine
sulfide 68 (85.2 mg, 0.21 mmol) at room temperature. The resultant mixture was stirred
until the alkyne disappeared. Purification by column chromatography (PE/EA = 2/1)
yielded 69 (98.1 mg, 97%) as white solid. "H NMR (600 MHz, CDCls) § = 7.83 — 7.75
(m, 6H), 7.70 — 7.64 (m, 1H), 7.49 — 7.26 (m, 14H), 5.57 — 5.51 (m, 1H), 2.54 — 2.45
(m, 1H), 2.45 - 2.35 (m, 2H), 2.29 - 2.20 (m, 1H), 1.79 — 1.62 (m, 2H), 1.49 — 1.30 (m,
2H). *C NMR (150 MHz, CDCl3) § = 147.7, 138.7, 132.93 (d, J= 79.4 Hz), 132.88 (d,
J=80.3 Hz), 131.5(d,J=2.9Hz), 131.1 (d,/=10.1 Hz), 131.0 (d, /= 10.0 Hz), 130.6,

129.1, 128.8, 128.73 (d, J = 12.2 Hz), 128.69, 128.2, 126.9, 125.7, 118.8, 65.0, 34.7,
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32.2 (d, J=56.7 Hz), 27.3 (d, J = 16.3 Hz), 21.8 (d, J = 2.4 Hz). >'P NMR (243 MHz,
CDCls) § = 42.5. HR-MS (ESI) m/z calcd for C31H31NsPS [M + H] * 508.1971, found
508.1974.

OH PTSA, Toluene X _S
)\/\/\ S Ph/\/\/\P/
Ph P 120°C, 8.0 h Ph,

[S]-4 :

70, 84% yield

To a solution of [S]-4 (190 mg, 0.5 mmol) in toluene (2.0 mL) was added PTSA (17.2
mg, 20 mol%). The mixture was stirred under 120 °C for 8.0 h, then diluted with DCM,
and washed with H,O and brine. The combined organic layers were added Na>SOs,
filtered, and then evaporated under reduced pressure. The crude product was purified
by column chromatography on gel using PE/EA = 10/1 as eluent to give final product
70 (152.2 mg, 84%) as white solid. 'H NMR (600 MHz, CDCl3) 6 = 7.43 — 7.40 (m,
4H), 7.33 — 7.30 (m, 8H), 7.30 — 7.27 (m, 2H), 7.20 — 7.17 (m, 1H), 6.39 — 6.33 (m,
1H), 6.20 — 6.12 (m, 1H), 2.36 — 2.30 (m, 2H), 2.12 — 2.05 (m, 2H), 1.67 — 1.57 (m,
2H). C NMR (150 MHz, CDCl3) 6 = 137.4, 132.8 (d, J= 79.9 Hz), 131.5 (d, J= 3.0
Hz), 131.2, 131.1 (d, J=10.1 Hz), 129.1, 128.7, 128.6 (d, J = 12.6 Hz), 127.2, 126.0,
33.6 (d,J=16.7 Hz), 31.9 (d, J= 56.6 Hz), 21.9 (d, J = 2.2 Hz). *'P NMR (243 MHz,
CDCl3) 6 = 42.8. HR-MS (ESI) m/z calcd for C23H24PS [M + H] © 363.1331, found
363.1322.
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Control experiments

OH [Mn] (1.0 mol%) OH
KOtBu (50 mol%) Me
+ /\/OH
A) +-AmOH (1.0 mL)
100°C,0.5h
1a 2a 71, 9% NMR yield

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%, 3.2 mg). Dry and degassed
t-AmOH (1.0 mL) and KO7Bu (50 mol%, 28 mg) were added and stirred at room
temperature for 5.0 min. Then 1-phenylethanol 1a (0.5 mmol, 61 mg) and allylic
alcohol 2a (0.6 mmol, 42 uL.) were added in sequence. The tube was brought out of the
glovebox and heated at 100 °C for 0.5 h. Upon reaction completion, the vessel was
cooled to ambient temperature, and the excess organic solvent was removed under
vacuum. Then mesitylene (0.25 mmol, 30.0 mg) was added as an internal standard to

the reaction mixture, and it was analyzed by NMR spectroscopy immediately.

[Mn] (1.0 mol%)
KOtBu (50 mol%)
B) HPPh, + o~ _OH HO™ " pPh,
t-AmOH (1.0 mL)
100°C, 0.5 h
3a 2a 72, 95% NMR yield

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%, 3.2 mg). Dry and degassed
t~-AmOH (1.0 mL) and KO7Bu (50 mol%, 28 mg) were added and stirred at room
temperature for 5.0 min. Then allylic alcohol 2a (0.6 mmol, 42 L) and
diphenylphosphine (0.6 mmol, 105 L) were added in sequence. The tube was brought
out of the glovebox and heated at 100 °C for 0.5 h. Upon reaction completion, the vessel
was cooled to ambient temperature, and the excess organic solvent was removed under
vacuum. Then mesitylene (0.25 mmol, 30.0 mg) was added as an internal standard to

the reaction mixture, and it was analyzed by NMR spectroscopy immediately.
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OH [Mn] (1.0 mol%) OH

KOtBu (50 mol%)
*+ PhoP A~ OH PPh,
C) +AmOH (1.0 mL)
100 °C, 15 h

1a 72 4, 95% NMR yield

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%, 3.2 mg). Dry and degassed
t-AmOH (1.0 mL) and KO7Bu (50 mol%, 28 mg) were added and stirred at room
temperature for 5.0 min. Then 1-phenylethanol (0.5 mmol, 61 mg) and compound 72
(0.6 mmol, 146.5 mg) were added in sequence. The tube was brought out of the
glovebox and heated at 100 °C for 15 h. Upon reaction completion, the vessel was
cooled to ambient temperature, and the excess organic solvent was removed under
vacuum. Then mesitylene (0.5 mmol, 60.1 mg) was added as an internal standard to the

reaction mixture, and it was analyzed by NMR spectroscopy immediately.

OH [Mn] (1.0 mol%)
H [
. /><O + HPPh, KOtBu (50 mol%) No reaction
D) t-AmOH (1.0 mL)
100°C, 15 h
1a 73 3a

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%, 3.2 mg). Dry and degassed
t~-AmOH (1.0 mL) and KO7Bu (50 mol%, 28 mg) were added and stirred at room
temperature for 5.0 min. Then compound 73 (0.6 mmol, 51.7 mg), diphenylphosphine
(0.6 mmol, 105 uL) and 1-phenylethanol (0.5 mmol, 61 mg) were added in sequence.
The tube was brought out of the glovebox and heated at 100 °C for 15 h. Upon reaction
completion, the vessel was cooled to ambient temperature. No product was detected by

GCMS.
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Kinetic studies

Time course experiment

In a nitrogen-filled glove box, oven-dried Schlenk pressure tubes (10 mL) containing
stirring bars were charged with [Mn] (1.0 mol%). Dry and degassed ~AmOH (1.0 mL)
and KO7Bu (50 mol%) were added and stirred at room temperature for 5.0 min. Then
allylic alcohol 2a (0.6 mmol, 42 uL), diphenylphosphine 3a (0.6 mmol, 105 xL) and 1-
phenylethanol 1a (0.5 mmol, 61 mg) were added in sequence. The tubes were brought
out of the glovebox and heated at 100 °C. The pressure tube was taken out of the heated
alloy plate after 0.5 h, 1.0 h, 2.0 h, 4.0 h, 6.0 h, 8.0 h, 10 h, 12 h, 15 h. Upon reaction
completion, the vessel was cooled to ambient temperature, and the excess organic
solvent was removed under vacuum. Then mesitylene (0.25 mmol, 30.0 mg) was added
as an internal standard to the reaction mixture, and it was analyzed by NMR

spectroscopy immediately.

Table S2 Data of reaction monitoring °.

Time 1a (%) 4 (%) 71 (%) 72 (%)
0.5h 84 15 0 94
1.0h 62 35 0 64
2.0h 39 56 0 34
4.0h 22 72 2 21
6.0h 14 83 2 17
8.0h 10 85 3 14
10 h 6 90 3 11
12h 1 94 3 9
15h 1 94 3 8

“ Reaction condition: 1a (0.5 mmol), 2a (0.6 mmol), 3a (0.6 mmol), [Mn] (1.0 mol%),
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KO#Bu (50 mol%), and ~AmOH (1.0 mL) in a 10 mL sealed tube, 100 °C. Yields were

based on 0.5 mmol and determined by 'H-NMR analysis using mesitylene as an internal

standard.
OH
OH
oh 7 Mn] (1.0 mol%) Ph)\'/\/.\Pth OH
2a KOtBu (50 mol%) 4 + )\_/\/-
Ph + + Ph
HPPh,  tAmOH (1.0mL)  HO™ > “pph, 71
1a 3a 100 °C, x h 72
100%} @4
o °
0/0/0
80% / —o1a
/ ? -0—4
< 60%¢r —A-T71
8\/ hd —%=T72
=]
2 40%}
> 9 *\
20%| / \\
@ $—x
0%} ‘AA—A-—-A A A ;‘_‘

Time (h)

Figure S1 Line chart of reaction monitoring.

General procedure and data of kinetic studies

According to the general procedure of reaction monitoring, oven-dried pressure tubes
(10 mL) were charged with 1-phenylethanol (1a), allylic alcohol (2a),
diphenylphosphine (3a), [Mn] in several different equivalents and KO7Bu (50 mol%),
t-AmOH (1.0 mL) under 100 °C for 15 min, 30 min, 45 min, 60 min, and cooled to
room temperature immediately. The excess organic solvent was removed under vacuum.
Then mesitylene (0.25 mmol, 30.0 mg) was added as an internal standard to the reaction

mixture, and it was analyzed by NMR spectroscopy immediately.

Table S3 The molar concentration of product 4 in different concentration of 1-

phenylethanol (1a) at different time interval.
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Time (min) 0.1287554 M | 0.2124044 M | 0.2938707 M | 0.3740648 M
(1a) (1a) (1a) (1a)
15 0.0170815 0.0180544 0.0225021 0.0273067
30 0.0272961 0.0345794 0.0486986 0.0617623
45 0.0383262 0.0497876 0.0738455 0.1019119
60 0.0456652 0.0670773 0.0998321 0.1358271

Table S4 The ki, value of product 4 in different concentration of 1-phenylethanol (1a).

1a (M) kin (Mmin™) R? b
0.1287554 0.0006 0.9935 0.0079
0.2124044 0.0011 0.9995 0.0018
0.2938707 0.0017 0.9999 -0.0031
0.3740648 0.0024 0.9989 -0.0097

0.14 = 0.12875536 M 1a 0.0024 °
. g.gégggggg m 1a y = 0.007335x - 0.000400
042 v 037406484 M 1a 0.0020 R'=0.9930

0.10

0.0016
0.08

k_(Mmin™)

0.06 = 0.0012

Concentration of 4 [M]

0.0008

0.02 9,

.0004
0 0000.10 0.15 0.20 0.25 0.30 0.35 0.40

la (M)

10 20 30 40 50 60
Time (min)

Figure S2 (a) Plot of the rise of product 4 from the reaction of 2a (0.6 mmol), 3a (0.6
mmol), [Mn] (1.0 mol%) with 0.1287554 M, 0.2124044 M, 0.2938707 M, 0.3740648
M of 1a in different time interval. The curve depicts the results of an unweighted least-
square fit to y = k*x + b. (b) Plot of &in versus 1a from the reaction of 2a (0.6 mmol),
3a (0.6 mmol), [Mn] (1.0 mol%) with 0.1287554 M, 0.2124044 M, 0.2938707 M,
0.3740648 M of 1a. The curve depicts the results of an unweighted least-square fit to y

=k*x +b.
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Table S5 The molar concentration of product 4 in different concentration of allylic

alcohol (2a) at different time interval.

Time (min) | 0.2527380 M | 0.3350084 M | 0.3757515M | 0.4163197 M
(2a) (2a) (2a) (2a)
15 0.0112047 0.0176298 0.0221276 0.0258951
30 0.0255687 | 0.0345477 0.0387442 0.0423813
45 0.0418703 0.0501675 0.0596610 | 0.0616570
60 0.0594777 | 0.0680067 0.0723113 0.0768526

Table S6 The ki, value of product 4 in different concentration of allylic alcohol (2a).

2a (M) kin (Mmin™) R? b
0.2527380 0.001114 0.9979 -0.0058
0.3350084 0.001112 0.9994 0.0009
0.3757515 0.001123 0.9920 0.0053
0.4163197 0.001138 0.9981 0.0087

0.08f = 0.25273799 M 2a 0.0018

ol ° ggggggigg m ;a Y = 0000137 + 0001074
= v 041631973 M 22 0.0015 R=068
S oosf
T ol £ 00012 . L
: : '
£ ool S 00009
E 0.03} = 00006
3

0.02f 0.0003

oo}

0.0000

0.24 026 028 030 032 034 036 038 040 0.42
2a (M)

10 20 30 40 50 60
Time (min)

Figure S3 (a) Plot of the rise of product 4 from the reaction of 1a (0.5 mmol), 3a (0.6
mmol), [Mn] (1.0 mol%) with 0.2527380 M, 0.3350084 M, 0.3757515 M, 0.4163197
M of 2a in different time interval. The curve depicts the results of an unweighted least-
square fit to y = k*x + b. (b) Plot of ki, versus 2a from the reaction of 1a (0.5 mmol),
3a (0.6 mmol), [Mn] (1.0 mol%) with 0.2527380 M, 0.3350084 M, 0.3757515 M,

0.4163197 M of 2a. The curve depicts the results of an unweighted least-square fit to y
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=k*x +b.

Table S7 The molar concentration of product 4 in different concentration of

diphenylphosphine (3a) at different time interval.

Time (min) | 0.1755926 M | 0.2595156 M | 0.3407155 M | 0.4194631 M
(3a) (3a) (3a) (3a)
15 0.0108867 | 0.0197664 | 0.0276406 | 0.0375420
30 0.0343284 | 0.0416522 | 0.0541312 | 0.0647651
45 0.0565408 | 0.0682958 | 0.0761499 | 0.0902265
60 0.0845478 | 0.0903114 | 0.1023424 0.1114513

Table S8 The kin value of product 4 in different concentration of diphenylphosphine

(3a).
3a (M) kin (Mmin™) R? b
0.1755926 0.00162 0.9974 -0.0142
0.2595156 0.00159 0.9984 -0.0046
0.3407155 0.00164 0.9988 0.0035
0.4194631 0.00165 0.9970 0.0142
0.12 0.5
= 0.17559263 M 3a 0.4}
0.10 o 0.25951557 M 3a
A 0.34071550 M 3a 0.3} y =0.000170x + 0.001574
= v 0.41946309 M 3a R?=0.4579
z 0.08 0.2}
é 0.06 g ool
% 0.04 S|
5 02}
(@)
0.02 -0.3F
-0.4F
0.00

10 20 30 20 50 50
Time (min)

0815 0.20 0.25 0.30 0.35 0.40 0.45
3a (M)

Figure S4 (a) Plot of the rise of product 4 from the reaction of 1a (0.5 mmol), 2a (0.6
mmol), [Mn] (1.0 mol%) with 0.1755926 M, 0.2595156 M, 0.3407155 M, 0.4194631

M of 3a in different time interval. The curve depicts the results of an unweighted least-
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square fit to y = k*x + b. (b) Plot of kin versus 3a from the reaction of 1a (0.5 mmol),
2a (0.6 mmol), [Mn] (1.0 mol%) with 0.1755926 M, 0.2595156 M, 0.3407155 M,
0.4194631 M of 3a. The curve depicts the results of an unweighted least-square fit to y

=k*x +b.

Table S9 The molar concentration of product 4 in different concentration of [Mn] at

different time interval.

Time (min) | 0.0016543 M | 0.0024814 M | 0.0033085M | 0.0041356 M
(IMn) ([Mn) ([Mn) ([Mn])
15 0.0083540 0.0109595 0.0138958 0.0238627
30 0.0163772 0.0279983 0.0391232 0.0573201
45 0.0248966 0.0441274 0.0619107 0.0899917
60 0.0330438 0.0586435 0.0846567 0.1209677

Table S10 The kin value of product 4 in different concentration of [Mn].

[Mn] (M) kin (Mmin™) R? b
0.0016543 0.0006 0.9999 0.0002
0.0024814 0.0011 0.9987 -0.0044
0.0033085 0.0016 0.9993 -0.0089
0.0041356 0.0022 0.9997 -0.0080
0.0024
0.12 = 0.00165426 M [Mn]
e 0.00248139 M [Mn]
0.10 A 0.00330852 M [Mn] 0.0020 y =0.640770x - 0.000480
v 0.00413565 M [Mn] R?=0.9978

0.0016

k,, (Mmin™)

0.0012

Concentration of 4 [M]

0.0008

10 20 30 40 0.0004

Time (min)

50 60

0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045
Mn (M)

Figure S5 (a) Plot of the rise of product 4 from the reaction of 1a (0.5 mmol), 2a (0.6
mmol), 3a (0.6 mmol) with 0.0016543 M, 0.0024814 M, 0.0033085 M, 0.0041356 M
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of [Mn] in different time interval. The curve depicts the results of an unweighted least-
square fit to y = £*x + b. (b) Plot of kin versus [Mn] from the reaction of 1a (0.5 mmol),
2a (0.6 mmol), 3a (0.6 mmol) with 0.0016543 M, 0.0024814 M, 0.0033085 M,
0.0041356 M of [Mn]. The curve depicts the results of an unweighted least-square fit

toy=k*x +b.
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Hammett studies

In a nitrogen-filled glove box, an oven-dried Schlenk pressure tube (10 mL)
containing a stirring bar was charged with [Mn] (1.0 mol%). Dry and degassed ¢-
AmOH (1.0 mL) and KO7Bu (50 mol%) were added and stirred at room temperature
for 5.0 min. Then allylic alcohol 2a (0.6 mmol, 1.2 equiv), diphenylphosphine 3a (0.6
mmol, 1.2 equiv) and 1 (0.5 mmol, 1.0 equiv) were added in sequence. All Schlenk
pressure tubes were placed on preheated (100 °C) aluminum heating block and stirred
for defined time. These samples were then analyzed by '"H NMR and the corresponding

products were measured relative to the internal standard of mesitylene. Initial rate

kinetics were obtained and these rates were compared against one another.

Table S11 Kinetics experiment.

In (1/1-a)
Time (min) OMe t-Bu Me H F Cl CF;
10 0.0457 0.0466 0.0571 0.0413 0.0593 0.0600 0.0288
20 0.1312 0.1135 0.1411 0.1114 0.1150 0.1024 0.0620
30 0.2275 0.2024 0.2115 0.1980 0.1619 0.1576 0.0983
40 0.3888 0.2671 0.3223 0.2504 0.2527 0.1991 0.1381
o = initial concentration conversion of substrates.
Table S12 Equation parameters.
Equation y =a+b*x
Draw OMe t-Bu Me H F Cl CF;
Intercept -0.0830 | -0.0302 | -0.0335 | -0.0282 | -0.0095 0.0116 -0.0093
Slope 0.0113 0.0075 0.0087 0.0071 0.0063 0.0047 0.0036
Pearson'st | 0.98773 | 0.99809 | 0.99569 | 0.99597 | 0.98883 | 0.99842 | 0.99918
Adj. R-
0.96342 | 0.99427 | 0.9871 0.98792 | 0.96667 | 0.99527 | 0.99754
Square
R? 0.9757 0.9962 0.9914 0.9920 0.9778 0.9968 0.9983
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Figure S6 Substituent effect.
Table S13 Hammett plot kinetic study.
QH g~ OH [Mn] (1.0 mol%) o
/@2\; . 2a KOtBu (50 mol%) /@WPPhZ
HPPh,  tAmOH (1.0 mL
R ’ " 100(°C ™ R
1 3a
Entry Rpara Ig(kx/ko) Opara
1 H 0 0
2 OMe 0.2018 -0.27
3 t-Bu 0.0238 -0.20
4 Me 0.0883 -0.17
5 F -0.0519 0.06
6 Cl -0.1792 0.23
7 CF3 -0.2950 0.54
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Figure S7 Hammett plot.
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Unsuccessful substrates

Ph/'\/OH + ./\/OH + HPPh,

OH

)\- v g+ HPPh
Ph

[Mn] (1.0 mol%)
KOtBu (50 mol%)

i
tAmOH (1.0 mL)
100 °C, 15 h

[Mn] (1.0 mol%)
KOfBu (50 mol%)

\

K

tAmOH (1.0 mL)
100 °C, 15 h
then 1.5 eq. Sg, rt, 1.0 h
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NMR spectra

'"H NMR spectrum of [S]-4 (600 MHz, CDCl5)
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3IP NMR spectrum of [S]-4 (243 MHz, CDCls)
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13C NMR spectrum of [S]-5 (150 MHz, CDCls)
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'H NMR spectrum of [S]-6 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-6 (243 MHz, CDCls)
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13C NMR spectrum of [S]-7 (150 MHz, CDCls)
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'H NMR spectrum of [S]-8 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-8 (243 MHz, CDCls)
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13C NMR spectrum of [S]-9 (150 MHz, CDCls)
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19F NMR spectrum of [S]-9 (565 MHz, CDCls)
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13C NMR spectrum of [S]-10 (150 MHz, CDCls)
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'H NMR spectrum of [S]-11 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-11 (243 MHz, CDCl)
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'H NMR spectrum of [S]-12 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-12 (243 MHz, CDCls)
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13C NMR spectrum of [S]-13 (150 MHz, CDCls)

—

OH

.S
Ph,

CF3

S I O

3P NMR spectrum of [S]-13 (243 MHz, CDCls)

wiv—

OH

.S
Ph,

CF3

7



19F NMR spectrum of [S]-13 (565 MHz, CDCls)
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13C NMR spectrum of [S]-14 (150 MHz, CDCls)
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'H NMR spectrum of [S]-15 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-15 (243 MHz, CDCls)
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13C NMR spectrum of [S]-16 (150 MHz, CDCls)
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'H NMR spectrum of [S]-17 (600 MHz, CDCls)
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3P NMR spectrum of [S]-17 (243 MHz, CDCl3)
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13C NMR spectrum of [S]-18 (150 MHz, CDCls)
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'H NMR spectrum of [S]-19 (600 MHz, CDCls)
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3P NMR spectrum of [S]-19 (243 MHz, CDCls)
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13C NMR spectrum of [S]-20 (150 MHz, CDCls)
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'H NMR spectrum of [S]-21 (600 MHz, CDCls)
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3P NMR spectrum of [S]-21 (243 MHz, CDCls)
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13C NMR spectrum of [S]-22 (150 MHz, CDCls)
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'H NMR spectrum of [S]-23 (600 MHz, CDCls)
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3P NMR spectrum of [S]-23 (243 MHz, CDCls)
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13C NMR spectrum of [S]-24 (150 MHz, CDCls)
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'H NMR spectrum of [S]-25 (600 MHz, CDCl)
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3P NMR spectrum of [S]-25 (243 MHz, CDCls)
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13C NMR spectrum of [S]-26 (150 MHz, CDCls)
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'H NMR spectrum of [S]-27 (600 MHz, CDCls)
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3P NMR spectrum of [S]-27 (243 MHz, CDCls)
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13C NMR spectrum of [S]-28 (150 MHz, CDCls)
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'H NMR spectrum of [S]-29 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-29 (243 MHz, CDCls)
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13C NMR spectrum of [S]-30 (150 MHz, CDCls)
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'H NMR spectrum of [S]-31 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-31 (243 MHz, CDCls)
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13C NMR spectrum of [S]-32 (150 MHz, CDCls)
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'H NMR spectrum of [S]-33 (600 MHz, CDCls)
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3P NMR spectrum of [S]-33 (243 MHz, CDCls)
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13C NMR spectrum of [S]-34 (150 MHz, CDCls)
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'H NMR spectrum of [S]-35 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-35 (243 MHz, CDCls)
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13C NMR spectrum of [S]-36 (150 MHz, CDCls)
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'H NMR spectrum of [S]-37 (600 MHz, CDCls)
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3P NMR spectrum of [S]-37 (243 MHz, CDCls)

Ly —

OH
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13C NMR spectrum of [S]-38 (Major diastereomer product) (150 MHz, CDCls)
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"H NMR spectrum of [S]-38 (Minor diastereomer product) (600 MHz, CDCl;)
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3P NMR spectrum of [S]-38 (Minor diastereomer product) (243 MHz, CDCls)
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'"H NMR spectrum of [S]-39 (600 MHz, CDCls)
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13C NMR spectrum of [S]-39 (150 MHz, CDCls)
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'H NMR spectrum of [S]-40 (600 MHz, CDCls)
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3P NMR spectrum of [S]-40 (243 MHz, CDCls)
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13C NMR spectrum of [S]-41 (150 MHz, CDCls)
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'H NMR spectrum of [S]-42 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-42 (243 MHz, CDCls)
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13C NMR spectrum of [S]-43 (150 MHz, CDCls)
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'H NMR spectrum of [S]-44 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-44 (243 MHz, CDCls)
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13C NMR spectrum of [S]-45 (150 MHz, CDCls)
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'H NMR spectrum of [S]-46 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-46 (243 MHz, CDCls)
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13C NMR spectrum of [S]-47 (150 MHz, CDCls)
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19F NMR spectrum of [S]-47 (565 MHz, CDCls)
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13C NMR spectrum of [S]-48 (150 MHz, CDCls)
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'H NMR spectrum of [S]-49 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-49 (243 MHz, CDCls)
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'H NMR spectrum of [S]-50 (600 MHz, CDCl)
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3IP NMR spectrum of [S]-50 (243 MHz, CDCls)
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13C NMR spectrum of [S]-51 (150 MHz, CDCls)
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'H NMR spectrum of [S]-52 (600 MHz, CDCls)
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13C NMR spectrum of [S]-53 (150 MHz, CDCls)
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'H NMR spectrum of [S]-54 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-54 (243 MHz, CDCls)
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13C NMR spectrum of [S]-55 (150 MHz, CDCls)
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'H NMR spectrum of [S]-56 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-56 (243 MHz, CDCls)
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13C NMR spectrum of [S]-57 (150 MHz, CDCls)
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'H NMR spectrum of [S]-58 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-58 (243 MHz, CDCls)
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'H NMR spectrum of [S]-59 (600 MHz, CDCls)
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3IP NMR spectrum of [S]-59 (243 MHz, CDCls)

oL’y —

Cl

OH

35

T
-25

"H NMR spectrum of [S]-60 (600 MHz, CDCls)

SIALL 00°0-
:n.ﬁg
Nv.ﬁg
€1

TS
€51
S9°1
99°1 §
L9
89°1
69°1
0L°T A

Nm.:/

A
w R
o -
s
—_—

w=0n

OH

JL0°1
T

H/vN.v

0°C

B

01

TS

d\hd
=10°C
09

6’1

105 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0 -0.5 -1

-1.0

1.0 0.5 0.0

1.5

150



13C NMR spectrum of [S]-60 (150 MHz, CDCls)
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3P NMR spectrum of 61 (243 MHz, CDCls)
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13C NMR spectrum of 62 (150 MHz, CDCls)
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"H NMR spectrum of 63 (600 MHz, CDCl;)
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3P NMR spectrum of 63 (243 MHz, CDCls)
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13C NMR spectrum of 64 (150 MHz, CDCl)

sL'9z
ew.eNW
11°62
86'LE
rose >
LSy
s8'sty 7
zwor )

L8'9L
80°LL
6T'LL

P8'STI |

6€°LTI

9L°LTI A

v8LTI |

SI'8TI |

87871 |

95°821 1

78°0€1 |

¥8°0€T |

S6°0€T |

80°1ET |

ST'IET

NEGE

LYIEL A

LSIETA

£9'1€1 -
aw.mﬁx
10°ET
£TSPT
stsr”

3P NMR spectrum of 64 (243 MHz, CDCl;)

66°1S —

30

20

157



'H NOE NMR spectrum of 64 (600 MHz, CDCls)
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13C NMR spectrum of 65 (150 MHz, CDCls)
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"H NMR spectrum of 66 (600 MHz, CDCl;)
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3P NMR spectrum of 66 (243 MHz, CDCls)
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13C NMR spectrum of 67 (150 MHz, CDCls)

L,

L

140 130 120 110

150

190

200

3P NMR spectrum of 67 (243 MHz, CDCl;)

w0 —

16°1S —

‘
-4C

-30

T
-20

120 110

130

140

162



"H NMR spectrum of 68 (600 MHz, CDCl;)
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3P NMR spectrum of 68 (243 MHz, CDCls)
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13C NMR spectrum of 69 (150 MHz, CDCl)
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"H NMR spectrum of 70 (600 MHz, CDCl;)
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3P NMR spectrum of 70 (243 MHz, CDCls)
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13C NMR spectrum of 71 (150 MHz, CDCl)
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