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Experimental Procedures and Characterization Data:

General information:

All reactions were carried out under an inert atmosphere unless mentioned otherwise, and standard syringe—
septa techniques were followed. Solvents were freshly dried and purified by conventional methods prior to
use. The progress of all the reactions were monitored by TLC, using TLC glass plates precoated with silica

gel 60 Fass (Merck). Column chromatography was performed on silica gel Geduran® Si 60 (Merck). Optical

rotation values were measured with Jasco P-2000 polarimeter, and IR spectra were recorded with Thermo
Nicolet iS-5 FT-IR spectrophotometer, vma in cm™. *H and *C NMR spectra were recorded with Bruker
AV-I11l 400 MHz, Bruker AV-400, or AV-500 MHz spectrometers and chemical shifts were measured in &
(ppm) with residual solvent peaks as internal standards (CDCls, & 7.26 ppm in ‘*H NMR, & 77 ppm in ©*C
NMR). Coupling constants J, measured in Hz. HR FAB (LR FAB) and HR EI (LR El)-mass spectra were
recorded on a JMS-700 double focusing mass spectrometer (JEOL, Tokyo, Japan) with a resolution of
8000(3000) (5% valley definition) and HR (LR) ESI (Electrospray)-mass spectra were recorded using dual
ionization ESCi® (ESI/APCi) source options, Waters LCT premier XE (Waters Corp., Manchester, UK).
Melting points were recorded on Buchi 520 apparatus. The determination of ee was performed via chiral
phase HPLC analysis using Agilent 1200 series HPLC workstation.

General procedure for synthesis of Alcohols 4a-4c:

To a solution of aryl magnesium bromide (2 mmol) freshly prepared from magnesium powder and aryl
bromide in THF (4 mL) was added a solution of ethyl 5-bromovalerate (500 mg, 2.39 mmol) in THF (2 mL)
dropwisely at 0 °C. After stirring for 12 h at room temperature, the reaction mixture was quenched with sat.
NH4CI (5 mL) at 0 °C and extracted with EtOAc (20 mL x 3). The combined organic layers were washed
with sat. NaHCOj3; (10 mL x 2) and brine, dried over Na,SO,, and concentrated in vacuo. The residue was

purified by flash column chromatography (EtOAc/hexane) to give the pure product.

5-Bromo-1,1-diphenylpentan-1-ol (4a)*

Br 7o O

Colorless liquid; Yield - 90%:; R (10% EtOAc/hexane) 0.3; Prepared as shown in general procedure. *H
NMR (400 MHz, CDCls) & 7.48-7.26 (m, 10H), 3.36 (t, J = 7.0 Hz, 2H), 2.42 (s, 1H), 2.35-2.31 (m, 2H),
1.91 (dt, J = 14.5, 7.1 Hz, 2H), 1.52-1.44 (m, 2H); *C NMR (100 MHz, CDCls) & 146.7, 128.0, 126.7,
125.9,77.9, 40.8, 33.3, 32.9, 22.4.

-S2 -



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

5-Bromo-1,1-bis(3,5-dimethylphenyl)pentan-1-ol (4b)

Br - O

Colorless liquid; Yield - 95%; Rt (10% EtOAc/hexane) 0.4; Prepared as shown in general procedure. IR
(neat): 3549, 3005, 2946, 2916, 2863, 1599, 1453, 1376, 1247, 1149, 1038, 851, 742, 719 cm™; *H NMR
(400 MHz, CDCl3) 6 7.01 (s, 4H), 6.87 (s, 2H), 3.38 (t, J = 7.0 Hz, 2H), 2.29 (s, 12H), 2.25-2.21 (m, 2H),
2.02 (s, 1H), 1.91 — 1.87 (m, 2H), 1.47 — 1.39 (m, 2H); **C NMR (100 MHz, CDCls) & 146.9, 137.5, 128.5,
123.7, 77.9, 41.1, 33.4, 33.2, 22.6, 21.5; ESI-HRMS (m/z): Calcd for C»;H,;BrONa [(M+Na)*] 397.1143,
found [(M+Na)*] 397.1144.

1,1-Bis(3,5-bis(trifluoromethyl)phenyl)-5-bromopentan-1-ol (4c)

FsC O CF;
CF5
Br | O

CF3
Colorless liquid; Yield - 85%; R; (10% EtOAc/hexane) 0.18; Prepared as shown in general experimental
procedure. IR (neat): 3518, 3097, 2952, 2868, 1624, 1466, 1278, 1132, 900, 844, 710, 682 cm™; 'H NMR
(400 MHz, CDCls) & 7.89 (s, 4H), 7.82 (s, 2H), 3.40 (t, J = 6.4 Hz, 2H), 2.52 (s, 1H), 2.40 — 2.36 (m, 2H),
1.97 — 1.90 (m, 2H) ), 1.50 — 1.42 (m, 2H); *C NMR (100 MHz, CDCls) §147.8, 132.2 (g, J = 33.3 Hz),
126.0, 123.1 (q, J = 271.2 Hz), 121.9, 40.7, 32.9, 32.1, 21.8; ESI-HRMS (m/z): Calcd for C1H14BrF1,0
[(M-H)7] 589.0036, found [(M-H)7] 589.0042.

General procedure for synthesis of Olefins 5a-5c:

A stirred solution of diaryl alcohol (1 mmol) and p-TsOH (5% wt) in toluene (4 mL) was heated to 70 °C for
3 h. After cooling down to room temperature, the reaction mixture was diluted with DI water (10 mL),
extracted with EtOAc (10 mL x 3), dried over Na,SQOy, and concentrated in vacuo. The residue was purified

by flash column chromatography (hexane) to give the pure product.

5,5-Diphenyl-4-pentenyl bromide (5a)*
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Br /

Colorless oil; Yield - 88%:; Ry (hexane) 0.25; Prepared as shown in general procedure. '"H NMR (400 MHz,
CDCl3) 6 7.39-7.16 (m, 10H), 6.04 (t, J = 7.4 Hz, 1H), 3.37 (t, J = 6.9 Hz, 2H), 2.26 (dd, J = 14.7, 7.4 Hz,
2H), 2.03-1.95 (m, 2H); *C NMR (100 MHz, CDCls) & 143.0, 142.4, 139.8, 129.8, 128.2, 128.1, 127.5,
127.2,127.0, 33.1, 33.0, 28.4.

5,5'-(5-Bromopent-1-ene-1,1-diyl)bis(1,3-dimethylbenzene) (5b)

Br /

Colorless oil; Yield - 92%; Rs (hexane) 0.45; Prepared as shown in general procedure. IR (neat): 3007, 2916,
1862, 1654, 1599, 1437, 1195, 850, 731 cm™; *H NMR (400 MHz, CDCls) & 6.96 (s, 1H), 6.89 (s, 1H), 6.86
(s, 2H), 6.79 (s, 2H), 5.96 (t, J = 7.6 Hz, 1H), 3.41 (t, J = 6.8 Hz, 2H), 2.34 (s, 6H), 2.28 (s, 6H), 2.64 — 2.27
(m, 2H), 2.05 — 1.99 (m, 2H); **C NMR (100 MHz, CDCl3) & 143.4, 142.7, 139.9, 137.5, 137.5, 137.5, 128.7,
128.6, 128.5, 127.5, 127.4, 127.0, 127.0, 125.1, 125.1, 33.2, 28.4, 21.3, 21.3; EI-HRMS (m/z): Calcd for
C21H2sBr [(M)*] 356.1140, found [(M)*] 356.1139.

5,5'-(5-Bromopent-1-ene-1,1-diyl)bis(1,3-bis(trifluoromethyl)benzene) (5c)

FsC O CF3
CF
A G

CF3

Colorless oil; Yield - 95%; Rf (10% EtOAc/hexane) 0.55; Prepared as shown in general procedure. IR (neat):
3089, 2933, 2868, 1614, 1468, 1373, 1279, 1128, 901, 708, 721 cm™; *H NMR (400 MHz, CDCl3) & 7.93 (s,
1H), 7.81 (s, 1H), 7.65 (s, 2H), 7.58 (s, 2H), 6.30 (t, J = 7.6 Hz, 1H), 3.40 (t, J = 6.4 Hz, 2H), 2.35 — 2.29 (m,
2H), 2.10 — 2.03 (m, 2H); *C NMR (100 MHz, CDCls) §143.0, 138.4, 134.1, 132.9, 132.6, 132.3, 132.0,
131.6, 129.8, 127.0, 124.4, 122.2, 121.7, 121.6, 32.3, 32.1, 28.4; EI-HRMS (m/z): Calcd for Cy;H3BrF;
[(M)*] 572.0009, found [(M)*] 571.9999.
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General procedure for synthesis of Epoxides 6a-6c¢:

A combined solution of 5,5-diaryl-4-pentenyl bromide (1.0 mmol) in CH3CN/dimethoxymethane (1:2, v/v,
7.5 mL), and Na,B407-10H,0 (190.5 mg, 0.5 mmol), tetrabutylammonium hydrogen sulfate (13.6 mg, 0.04
mmol), and Shi catalyst* (129 mg, 0.5 mmol) in a buffer solution (4 x 10 * M aqueous Nax(EDTA), 5 mL)
was cooled to —5 °C and stirred in an ice bath. A solution of Oxone (1.5 g, 0.5 mmol) in aqueous Nax(EDTA)
(4 x 10™* M, 6.25 mL) and a solution of K,COs (1.6 g, 10.35 mmol) in DI water (6.25 mL) were respectively
added dropwisely through addition syringes respectively over a period of 3 h at =5 °C. Upon completion of
the addition, the reaction was stirred for another 1 h at the same temperature. After dilution with DI water (20
mL), the resulting mixture was extracted with hexane (20 mL x 2), dried over Na,SO,, and concentrated in
vacuo. The residue was purified by flash column chromatography (EtOAc/hexane, 1:40 to 1:25) to afford the

pure product.

3-(3-Bromopropyl)-2,2-diphenyloxirane (6a)*

Colorless liquid; Yield - 94%; R; (5% EtOAc/hexane) 0.32; Prepared as shown in general procedure. 'H
NMR (400 MHz, CDCls) § 7.40-7.23 (m, 10H), 3.44-3.30 (m, 3H), 2.13-1.94 (m, 2H), 1.69 (ddd, J = 14.0,
9.8, 5.3 Hz, 1H), 1.33 (m, 1H); *C NMR (100 MHz, CDCls) & 140.7, 137.2, 128.2, 128.1, 127.9, 127.8,
127.6, 126.9, 66.1, 65.4, 32.9, 29.6, 28.2; enantioselectivity was determined by HPLC analysis (Chiralcel-OJ,
1.0 mL/min, 220 nm, hexane/i-PrOH, 4:1); retention time: 19.4 min (enantiomer) and 35.8 min (major).

3-(3-Bromopropyl)-2,2-bis(3,5-dimethylphenyl)oxirane (6b)

Colorless liquid; Yield - 92%; R; (5% EtOAc/hexane) 0.5; Prepared as shown in general procedure. IR
(neat): 3005, 2963, 2916, 2863, 1604, 1545, 1248, 1203, 849, 728 cm™; *H NMR (400 MHz, CDCls) & 7.00
(s, 2H), 6.96 (s, 2H), 6.95 (s, 1H), 6.94 (s, 1H), 3.48 — 3.35 (m, 3H), 2.32 (s, 6H), 2.29 (s, 6H), 2.12 — 2.00
(m, 2H), 1.71 (m, 1H), 1.35 (m, 1H); *C NMR (100 MHz, CDCls) & 140.9, 137.8, 137.6, 137.4, 129.4,
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129.3, 125.5, 124.7, 66.4, 65.1, 32.9, 29.8, 28.2, 21.3, 21.3; HRMS (FAB", magnetic sector) (m/z): Calcd
for Cy1H,6BrO [(M+H)*] 373.1167, found [(M+H)"] 373.1162; enantioselectivity was determined by HPLC
analysis (Chiralpak-AD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 19:1); retention time: 3.6 min (enantiomer)
and 4.1 min (major).

2,2-Bis(3,5-bis(trifluoromethyl)phenyl)-3-(3-bromopropyl)oxirane (6c)

Colorless liquid; Yield - 80% (based on recovered starting material); R (5% EtOAc/hexane) 0.38; Prepared
as shown in general procedure. IR (neat): 3094, 2970, 2852, 1623, 1466, 1389, 1279, 1132, 901, 709, 681
cm™; *H NMR (400 MHz, CDCl3) & 7.94 (s, 1H), 7.89 (s, 2H), 7.87 (s, 1H), 7.76 (s, 2H), 3.46 — 3.38 (m,
3H), 2.21 — 1.97 (m, 2H), 1.78 (m, 1H), 1.27 (m, 1H); **C NMR (125 MHz, CDCls) & 141.6, 138.4, 132.5 (q,
Jcr=33.8 Hz), 128.0, 126.9, 122.9 (q, Jcr = 273.4 Hz), 122.8, 122.7, 66.3, 64.5, 32.2, 29.2, 27.8; HRMS
(FAB*, magnetic sector) (m/z): Calcd for CyHi3BrF;,0 [(M)'] 587.9958 found [(M)'] 587.9951;
enantioselectivity was determined by HPLC analysis (Chiralpak-1A, 0.3 mL/min, 220 nm, hexane); retention

time: 15.0 min (major) and 16.0 min (enantiomer).

General procedure for synthesis of ((S)-Thiolan-2-yl)diarylmethanol 1a-1c:

A mixture of the (R)-3-(3-bromopropyl)-2,2-diaryloxirane (3.0 mmol) and Na,S-9H,0 (1.4 g, 6.0 mmol) in
95% ethanol (10.5 mL) was sonicated at 10—25 °C for 24 h (conversion is monitored by the crude *H NMR).
Upon removal of ethanol, the crude residue was diluted with DI water (20 mL) and CH,Cl, (20 mL). The
aqueous layer was extracted with CH,Cl, (10 mL x 2). The combined organic layers were washed with brine,
dried over Na,SO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(EtOAc/hexane, 1:99 to 1:20) and recrystallized from hexane or light petroleum ether to afford the pure
product.

((S)-Thiolan-2-yl)diphenylmethanol (1a)*

O
R

OH
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Yield - 95%:; R; (2% EtOAc/hexane) 0.28; Prepared as shown in general procedure. *H NMR (400 MHz,
CDCl3) & 7.54-7.51 (m, 2H), 7.44—7.41 (m, 2H), 7.30—7.22 (m, 4H), 7.21-7.12 (m, 2H), 4.66 (dd, J = 8.4,
6.8 Hz, 1H), 3.53 (s, 1H), 2.86-2.83 (m, 2H), 2.16 (m, 1H), 1.87-1.73 (m, 2H), 1.62 (m, 1H); *C NMR
(100 MHz, CDCl3) 6 148.0, 145.0, 128.2, 128.0, 127.1, 126.5, 126.1, 125.4, 77.9, 59.5, 33.4, 31.7;
enantioselectivity was determined by HPLC analysis (Chiralpak-AD, 1.0 mL/min, 220 nm, hexane/i-PrOH,

19/1); retention time 6.0 min (enantiomer) and 8.5 min (major).

(S)-Bis(3,5-dimethylphenyl)(tetrahydrothiophen-2-yl)methanol (1b)

»
onY

OH

Yield - 92%; Rs (2% EtOAc/hexane) 0.32; Prepared as shown in general procedure. IR (neat): 3468, 2918,
2860, 1601, 1441, 1146, 851, 755, 732 cm™; *H NMR (500 MHz, CDCl3) & 7.19 (s, 2H), 7.11 (s, 2H), 6.87
(s, 1H), 6.83 (s, 1H), 4.68 (t, J = 2 Hz, 1H), 3.52 (s, 1H), 2.86 — 2.84 (m, 2H), 2.35 (s, 6H), 2.31 (s, 6H), 2.20
(m, 1H), 1.87 — 1.78 (m, 2H), 1.67 (m, 1H); *C NMR (125 MHz, CDCl5) §148.1, 145.0, 137.4, 137.3, 128.7,
128.1, 123.8, 123.1, 77.7, 59.7, 33.4, 31.8, 21.5; ESI-HRMS (m/z): Calcd for CxH,sOSNa [(M+Na)‘]
349.1602 found [(M+Na)*] 349.1608; enantioselectivity was determined by HPLC analysis (Chiralpak-AD,

1.0 mL/min, 220 nm, hexane/i-PrOH, 199:1); retention time: 10.2 min (enantiomer) and 14.7 min (major).

(S)-Bis(3,5-bis(trifluoromethyl)phenyl)(tetrahydrothiophen-2-yl)methanol (1c)
F3C cF,
[ Y %,

CF;

Yield - 90%; R; (5% EtOAc/hexane) 0.49; Prepared as shown in general procedure. IR (neat): 3542, 2942,
2869, 1642, 1372, 1278, 1132, 900, 682 cm™; 'H NMR (400 MHz, CDCls) & 8.00 (s, 2H), 7.90 (s, 2H), 7.81
(s, 1H), 7.78 (s, 1H), 4.67 (m, 1H), 3.99 (s, 1H), 2.95 — 2.88 (m, 2H), 2.24 (m, 1H), 1.90 (m, 1H), 1.75 (m,
1H), 1.63 (m, 1H); *C NMR (125 MHz, CDCls) & 148.9, 146.1, 132.1 (qd, J cr = 33.8 Hz), 126.4, 125.6,
122.9 (q, Jcr = 273.4 Hz), 122.1, 121.7, 58.8, 33.7, 31.7, 31.7; EI-HRMS (m/z): Calcd for Cy;H;3F1,0S
[(M-H)"] 541.0496, found [(M-H)"] 541.0499; enantioselectivity was determined by HPLC analysis

(Chiralcel-OD-H, 0.4 mL/min, 220 nm, hexane); retention time: 13.4 min (enantiomer) and 14.8 min (major).
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General procedure for synthesis of (S)-2-((Benzyloxy)diarylmethyl)tetrahydrothiophene 2a-2c:
To a stirred solution of ((S)-thiolan-2-yl)diarylmethanol (1.9 mmol) in DMF (3.7 mL) at 0 °C was added
sodium hydride (148 mg, 3.7 mmol). The reaction mixture was warmed to room temperature and stirred for 1
h. Benzyl bromide (0.27 mL, 2.2 mmol) was then slowly added to the reaction mixture. After 16 h, the
reaction mixture was quenched with sat. NH,CI (5 mL) at 0 °C, extracted with Et,O (5 mL x 3), dried over
Na,SO4, and concentrated in vacuo. The residue was purified by flash column chromatography

(EtOAc/hexane, 1:49) to give the pure product.

(S)-2-((Benzyloxy)diphenylmethyl)tetrahydrothiophene (2a)*

O
onY

OBn
White solid; Yield - 92%; R; (10% EtOAc/hexane) 0.5; Prepared as shown in general experimental
procedure. ). *H NMR (400 MHz, CDCls) & 7.57-7.55 (m, 2H), 7.44 (d, J = 7.2 Hz, 2H), 7.34-7.16 (m,
11H), 4.66 (t, J = 7.2 Hz, 1H), 4.38 (d, J = 11.6 Hz, 1H), 4.21 (d, J = 11.5 Hz, 1H), 2.63 (m, 1H), 2.32 (ddd,
J=10.1, 8.2, 6.1 Hz, 1H), 1.98 (td, J = 12.7, 6.0 Hz, 1H), 1.84 (m, 1H), 1.64 (m, 1H), 1.34 (tt, J = 11.9, 5.9
Hz, 1H); B¥C NMR (100 MHz, CDCl3) 6 129.3, 128.8, 128.0, 127.4, 127.2, 127.1, 127.0, 126.9, 126.9, 85.9,
65.5, 53.8, 32.6, 31.6, 30.2.

(S)-2-((Benzyloxy)bis(3,5-dimethylphenyl)methyl)tetrahydrothiophene (2b)

»
onY

OBn

Colorless liquid; Yield -78% (based on recovered starting material); Ry (10% EtOAc/hexane) 0.53; Prepared
as shown in general experimental procedure. IR (neat): 3058, 1604, 1512, 1205, 1123, 957, 726, 694, 526
cm™; *H NMR (400 MHz, CDCl3) & 7.37 — 7.31 (m, 3H), 7.25 — 7.17 (m, 4H), 7.05 (s, 2H), 6.92 (s, 1H),
6.88 (s, 1H), 4.59 (t, J = 6.9 Hz, 1H ), 4.44 (d, J = 9.6 Hz, 1H), 4.38 (d, J = 9.6 Hz, 1H), 2.70 (m, 1H), 2.
43(m, 1H), 2.30 (s, 6H), 2.28 (s, 6H), 1.96 (m, 1H), 1.84 (m, 1H), 1.70 (m, 1H), 1.50 (m, 1H); **C NMR
(125 MHz, CDCl3) $143.7, 141.7, 136.7, 136.3, 130.8, 128.8, 128.7, 128.4, 128.1, 127.7, 127.2, 126.9, 126.5,
65.9, 54.7, 32.8, 31.1, 30.4, 21.6; ESI-HRMS (m/z): Calcd for CygH3,0OSNa [(M+Na)*] 439.2072, found
[(M+Na)*] 439.2070.
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(S)-2-((Benzyloxy)bis(3,5-bis(trifluoromethyl)phenyl)methyl)tetrahydrothiophene (2c)
FsC

CFs
CFs
an

OBn
CFy

Colorless liquid; Yield - 82% (based on recovered starting material); R; (10% EtOAc/hexane) 0.5; Prepared
as shown in general experimental procedure. IR (neat): 3092, 2936, 2868, 1623, 1466, 1374, 1279, 1133, 900,
710, 682 cm™; *H NMR (400 MHz, CDCls) & 8.02 (s, 2H), 7.89 (s, 1H), 7.88 (s, 1H), 7.85 (s, 2H), 7.35 —
7.29 (m, 3H), 7.20 — 7.19 (m, 2H), 4.66 (t, J = 7.2 Hz, 1H), 4.32 (d, J = 10.8 Hz, 1H), 4.27 (d, J = 11.2 Hz,
1H), 2.78 (m, 1H), 2.38 (m, 1H), 2.15 (m, 1H), 1.80 (m, 1H), 1.63 (m, 1H), 1.44 (m, 1H); *C NMR (125
MHz, CDCl3) 6 144.7, 143.2, 137.1, 131.3 (dq, Jcr = 84.3 Hz, Jc.r = 33.3 Hz), 129.3, 129.0, 128.6, 128.0,
127.3,123.2 (dq, Jcr = 271.1 Hz, Jc.r = 20.6 Hz), 122.5, 122.1, , 85.6, 66.3, 52.4, 33.1, 31.5, 30.2; HRMS
(FAB*, magnetic sector) (m/z): Calcd for CygH,1F1,0S [(M+H)*] 633.1122, found [(M+H)*] 633.1116.

General procedure for synthesis of Imines
(E)-N-Benzylidene-4-methylbenzenesulfonamide (7a)*

_Ts
N

8

H

To a solution of p-toluenesulfonamide (744 mg, 4.7 mmol), activated 42 MS (1 g) and catalytic amount of
Amberlyst® 15 (20 mg) in dry toluene was added benzaldehyde (500 mg, 4.7 mmol) and heated at 130 °C in
a sealed tube for 12 h. The reaction mixture was filtered through Celite® and concentrated in vacuo. The
residue was recrystallized by EtOAc to afford the pure product as a colorless solid (1.0 g, 86%). Rt (30%
EtOAc/hexane) 0.35; *H NMR (400 MHz, CDCls) & 9.03 (s, 1H), 7.94 — 7.88 (m, 4H), 7.62 (t, J= 7.6 Hz,

1H), 7.49 (t, J= 8 Hz, 2H), 7.35 (t, J= 5 Hz, 2H), 2.44 (s, 3H); *C NMR (100 MHz, CDCls) & 170.1, 144.6,
134.9,132.5,131.3, 129.8, 129.1, 128.1, 21.6

(E)-tert-Butyl benzylidenecarbamate (7b)?

NH,Boc (1.0 equiv.), _Boc K,CO5 (6.0 equiv.), _Boc
O NaSO,Tol (2.0 equiv.), HN Na,SO, (7.5 equiv.), Nl
)J\ HCO,H (2.0 equiv.), )\ THF, reflux, 15 h )\
Ph” "H Ph™ ~SO,Tol Ph™ "H
H,O/MeOH (2/1), 1d -

At room temperature, to a mixture of tert-butyl carbamate (1.1 g, 10 mmol) ~ formic acid (0.66 mL, 20 mmol)

and the sodium salt of 4-toluenensulfinic acid (3.5 g, 20 mmol) in H,O/MeOH (2/1, 28 mL) was added neat
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benzaldehyde (1.5 mL, 15 mmol). The result white slurry was allowed to stir for 1 d. The thus-formed white
solid was filtered over a sintered glass funnel, washed with Et,O (25 mL x 3), and dried under vacuum,
affording the analytically pure intermediate as a white solid (1.9 g, 55 %).
Under inert atmosphere, a flame-dried round-bottom flask was charged with that intermediate (180 mg, 0.5
mmol), anhydrous K,CO3 (414 mg, 3.0 mmol), and Na;SO4 (531 mg, 3.75 mmol) in THF (0.1 M, 5 mL) and
heated at reflux for 15 h. The reaction mixture was then allowed to cool to room temperature, followed by
filtration through a pad of Celite”. Evaporation of the collected organic solvent under reduced pressure
afforded the analytically pure product (40 mg, 95 %). R; (5% EtOAc/hexane) 0.23; *H NMR (400 MHz,
CDCl3) & 8.87 (s, 1H), 7.93 — 7.90 (m, 2H), 7.56 (m, 1H), 7.49 — 7.45 (m, 2H), 1.59 (s, 9H); **C NMR (100
MHz, CDCls) 6 169.6, 162.6, 134.1, 133.5, 130.2, 128.9, 82.3, 27.9

(E)-N-Arylmethylene-P,P-diphenylphosphinic amide 7c - 7q:

. 9,Ph
_OH Ph,PCI (1.1 equiv.), _PZ
/ﬁ: NH,OH'HCI (1.72 equiv.), I EtzN (1.1 equiv.), /EL Ph
R™ > NaOAc (1.46 equiv.), H;O, 3 h R)\H CH,Cly/Hexane (1/1), 15 h R H
7c-7q

To a solution of NH,OHHCI (1.1 g, 16.2 mmol) and NaOAc (1.1 g, 13.76 mmol) in H,O (12.1 mL) was
added benzaldehyde (0.96 mL, 9.4 mmol) and stirred for 3 h. After completion of the reaction, extracted with
Et,O (10 mL x 3), washed with brine, dried over Na,SO, and concentrated in vacuo. The residue was purified
by flash column chromatography (EtOAc/hexane, 1:19) to give the pure oxime.

To a solution of oxime (0.1 mL, 1.0 mmol) in CH,Cl,/hexane (1:1, 5 mL) triethylamine (0.20 mL, 1.1 mmol)
was added at -40 °C and stirred for 10 min, diphenylphosphinic chloride (0.15 mL, 1.1 mmol) was slowly
added to the reaction at same temperature. The reaction mixture was gradually allowed to warm to room
temperature and stirred overnight, evaporated under reduced pressure. The residue was purified by flash

column chromatography (EtOAc/hexane, 1:49) to give the pure product.

(E)-N-Benzylidene-P,P-diphenylphosphinic amide (7c)®
E, Ph
N™ ~Ph

|
o
White solid; Yield - 50%; R; (50% EtOAc/hexane) 0.3; Prepared as shown in general experimental

procedure. *H NMR (400 MHz, CDCl3) § 9.32 (d, J = 32.1 Hz, 1H), 8.03 — 7.89 (m, 6H), 7.55 — 7.40 (m,
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9H); *C NMR (100 MHz, CDCls)  173.6 (d, Jc.p = 7.6 Hz), 135.7 (d, J c.p = 24.7 Hz), 133.50, 132.8 (d, J
cp=126.7 Hz), 131.7 (d, Jc.p = 1.9 Hz), 131.4 (d, J c.p = 9.1 Hz), 130.0, 128.8, 128.3 (d, J cp = 12.5 H2).

(E)-N-(4-(Trifluoromethyl)benzylidene)-P,P-diphenylphosphinic amide (7d)*
0
I_Ph
N"B\Ph

I
H
FsC

White solid; Yield - 72%; R; (50% EtOAc/hexane) 0.45; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCls) § 9.38 (d, J = 31.5 Hz, 1H), 8.13 (d, J = 8.2 Hz, 2H), 7.99 — 7.90 (m,
4H), 7.77 (d, J = 8.2 Hz, 2H), 7.56 — 7.43 (m, 6H); *C NMR (100 MHz, CDCl3) § 172.2 (d, Jc.p = 7.5 H2),
138.6 (d, J c.p = 24.7Hz), 134.8 (g, J c.r = 32.6 Hz), 133.0, 132.1 (d, J c.p = 2.1Hz), 131.7, 131.6 (d, Jc-p =
9.2 Hz), 130.3, 128.6 (d, J c.p = 12.6 Hz), 126.0 (d, J c.p = 3.4 Hz), 123.6 (q, J c.r = 270 H2).

(E)-N-(4-Chlorobenzylidene)-P,P-diphenylphosphinic amide (7e)*
o}
L-Ph
N" ~Ph

White solid; Yield - 58%; R; (50% EtOAc/hexane) 0.33; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.28 (d, J = 31.7 Hz, 1H), 7.96 — 7.90 (m, 6H), 7.53 — 7.43 (m,
8H); *C NMR (125 MHz, CDCl3) § 172.3 (d, J c.p = 7.3 Hz), 140.0, 134.3 (d, J c.p = 25.2 Hz), 132.8 (d, Jc.p
= 151.6 Hz), 132.1, 131.9, 131.6 (d, J c.p = 9.07 Hz), 131.3, 129.4, 128.5 (d, J c.p = 12.6 Hz).

(E)-N-(4-Fluorobenzylidene)-P,P-diphenylphosphinic amide (7f)°
E/ Ph
N~ ~Ph

ieg

White solid; Yield - 78%; R; (50% EtOAc/hexane) 0.41; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.28 (d, J = 31.8 Hz, 1H), 8.07 — 7.99 (m, 2H), 7.98 — 7.88 (m,
4H), 7.54 — 7.41 (m, 6H), 7.23 — 7.15 (m, 2H); *C NMR (100 MHz, CDCl3) & 172.1 (d, J c.p = 7.4 H2),
166.1 (d, J c.r = 254.3 Hz), 133.5, 132.5 (d, Jc.p = 9.4 Hz), 132.2, 131.8 (d, J c.r = 2.1 Hz), 131.6 (d, Jcp =

9.2 Hz), 128.5 (d, J c.p = 12.5 Hz), 116.3 (d, J c.p = 22 H2).
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(E)-N-(4-Methoxybenzylidene)-P,P-diphenylphosphinic amide (7g)°
il)/Ph
N™ ~Ph

|
H
MeO

White solid; Yield - 55%; R (50% EtOAc/hexane) 0.2; Prepared as shown in general experimental procedure.
'H NMR (400 MHz, CDCls) 6 9.23 (d, J = 32.1 Hz, 1H), 8.02 — 7.88 (m, 6H), 7.55 — 7.38 (m, 6H), 6.99 (d,
J =8.7 Hz, 2H), 3.87 (s, 3H); *C NMR (100 MHz, CDCl3) 6 172.6 (d, J c.p = 7.4 Hz), 164.1, 133.4 (d, J c.p
= 127.2 Hz), 132.3, 131.6, 131.5, 129.1 (d, J c.p = 25.4 Hz), 128.4 (d, J c.p = 12.5 Hz), 114.3 , 55.5.

(E)-N-(3-Methoxybenzylidene)-P,P-diphenylphosphinic amide (7h)*
o
I_Ph
N"ID\Ph

|
MeO
e\©)\H

Colourless oil; Yield - 64%; R; (50% EtOAc/hexane) 0.3; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.28 (d, J = 31.9 Hz, 1H), 7.96 — 7.91 (m, 4H), 7.58 — 7.40 (m,
9H) , 7.13 (dd, J = 8.2, 2.6 Hz, 1H), 3.89 (s, 3H); *C NMR (100 MHz, CDCls) & 173.7 (d, Jc.p = 7.7 H2),
160.0, 137.1, 132.9 (d, Jc.p =128.1 Hz), 131.8 (d, Jc-p =2.9 Hz), 131.6 (d, Jc.p = 9.4 Hz), 130.0, 128.6 (d, J
cp =12.5 Hz), 123. 7, 120.0, 113.6, 55.5.

(E)-N-(2-Methoxybenzylidene)-P,P-diphenylphosphinic amide (7i)’

0]
I_Ph

OMe N| “Ph

White solid; Yield - 61%; R; (50% EtOAc/hexane) 0.48; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCls) § 9.80 (d, J = 32.6 Hz, 1H), 8.23 (dd, J = 7.8, 1.8 Hz, 1H), 7.94 (m,
1.5 Hz, 4H), 7.55 — 7.40 (m, 7H), 7.04 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 3.88 (s, 3H); *C NMR
(100 MHz, CDCl3) 6 173. 7 (d, Jc.p = 7 Hz), 160.0, 137.2 (d, J c.p = 25 Hz), 132.9 (d, J c.p = 126 Hz), 131.8
(d, Jcp=3Hz),131.6 (d, Jcp = 10 HZz), 130.0, 128.5 (d, J cp = 13 HZz), 123.7, 120.0, 113.6, 55.5.

(E)-N-(4-Cyanobenzylidene)-P,P-diphenylphosphinic amide (7j)®
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ﬁ Ph
N™ “Ph

|
H
NC

Pale yellow solid; Yield - 69%; R; (50% EtOAc/hexane) 0.31; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) § 9.35 (d, J = 31.2 Hz, 1H), 8.09 (d, J = 8.2 Hz, 2H), 7.99 — 7.86 (m,
4H), 7.79 (d, J = 8.2 Hz, 2H), 7.56 — 7.40 (m, 6H); *C NMR (100 MHz, CDCls) & 171.6 (d, J c.p = 8 Hz),
140.0 (d, Jcp = 25 Hz), 132.6, 132.1, 132.1, 131.5 (d, Jc.p = 9 Hz), 130.3, 128.6 (d, Jc.p = 13 Hz), 117.9,
116.5.

(E)-N-(4-Methylbenzylidene)-P,P-diphenylphosphinic amide (7k)*
ﬁ/Ph
Nl’ “Ph
o
White solid; Yield - 62%; Rs (50% EtOAc/hexane) 0.38; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.28 (d, J = 32.1 Hz, 1H), 8.00 — 7.85 (m, 6H), 7.57 — 7.38 (m,
6H), 7.29 (d, J = 7.9 Hz, 2H), 2.42 (s, 3H); *C NMR (100 MHz, CDCl3) & 173.5 (d, J c.p = 7.6 Hz), 144.6,
133.4 (d, Jc.p = 24.9 Hz), 133.2 (d, Jc.p = 126.4 Hz), 131.6, 131.5 (d, J c.p = 9.1 Hz), 130.2, 129.6, 128.4 (d,
Jep =124 Hz), 21.8.

(E)-N-(3-Methylbenzylidene)-P,P-diphenylphosphinic amide (71)’
o}
I_Ph
Nl,ﬂa\Ph
\@)\H
White solid; Yield - 70%; R; (50% EtOAc/hexane) 0.3; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 8 9.29 (d, J = 32.4 Hz, 1H), 7.96-7.91 (m, 4H), 7.83 (s, 1H), 7.79 (t,
J=4.4 Hz, 1H), 7.52 — 7.42 (m, 6H), 7.39 (d, J = 5.2 Hz, 2H), 2.44 (s, 3H); **C NMR (125 MHz, CDCl5) &

174.0 (d, Jcp = 7.5 Hz), 138.8, 136.0 (d, J c.p = 24.7 Hz), 134.5, 133.1 (d, J c-p = 106.7 Hz), 131.7, 131.6 (d,
Jcp=9.2 Hz), 130.3, 128.8, 128.4 (d, J c.p = 12.5 Hz), 127.8, 21.3.

(E)-N-(2-Methylbenzylidene)-P,P-diphenylphosphinic amide (7m)’
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0
B/Ph
" “Pnh

A

White solid; Yield - 60%; R (50% EtOAc/hexane) 0.35; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) § 9.62 (d, J = 32.6 Hz, 1H), 8.14 (d, J = 7.7 Hz, 1H), 8.02 — 7.90 (m,
4H), 7.53 — 7.41 (m, 7H), 7.36 — 7.21 (m, 2H), 2.68 (s, 3H) ; *C NMR (100 MHz, CDCls) § 172.5 (d, Jc.p =
7.6 Hz), 141.0, 133.7 (d, Jc.p = 27.8 HZ), 132.9 (d, Jcp = 59.0 Hz), 131.6 (d, Jc.p = 9.3 Hz), 131.5, 129.8,
128.5 (d, Jc.p = 12.5 Hz), 126.4, 19.7.

(E)-N-([1,1'-Biphenyl]-4-ylmethylene)-P,P-diphenylphosphinic amide (7n)9
0
I_Ph
N’b\Ph

|
/©)\H
Ph

white solid; Yield - 82%; R; (50% EtOAc/hexane) 0.4; Prepared as shown in general experimental procedure.
'H NMR (400 MHz, CDCl3) § 9.37 (d, J = 32.0 Hz, 1H), 8.09 (d, J = 8.3 Hz, 2H), 7.97 (m, 1.4 Hz, 4H), 7.73
(d, J = 8.3 Hz, 2H), 7.68 — 7.61 (m, 2H), 7.55 — 7.36 (m, 9H); *C NMR (100 MHz, CDCl3) § 173.2 (d, Jc.p
= 7.6 Hz), 146.4, 139.9, 134.7 (d, J c.p = 25 Hz), 133.0 (d, J c.p = 126.5 Hz), 131.8 (d, J c.p = 2 Hz), 131.6 (d,
Jep = 9 Hz), 130.7, 129.0, 128.5 (d, J c.p = 20 Hz), 128.3, 127.6, 127.3.

(E)-N-(Naphthalen-2-ylmethylene)-P,P-diphenylphosphinic amide (70)’

¢}

I _Ph

Nl’IB\Ph

SOh
White solid; Yield - 83%; R; (50% EtOAc/hexane) 0.4; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.47 (d, J = 31.9 Hz, 1H), 8.34 (s, 1H), 8.22 (dd, J = 8.6, 1.5 Hz,
1H), 8.03 — 7.86 (m, 7H), 7.65 — 7.54 (m, 2H), 7.54 — 7.43 (m, 6H); *C NMR (100 MHz, CDCl3) & 173.7 (d,
Jcp =7.6 Hz), 136.1, 134.4, 133.7, 132.9, 132.4, 131.8, 131.6 (d, Jcp = 10 Hz), 129.4, 128.9, 128.7, 128.5
(d, Jcp =125 Hz), 128.0, 126.9, 123.8.

(E)-N-(2-Bromobenzylidene)-P,P-diphenylphosphinic amide (7p)*
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o}
B’Ph
Br N~ “Ph

|
O
Colorless oil; Yield - 78%; Rs (50% EtOAc/hexane) 0.45; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCl3) 6 9.65 (d, J = 31.2 Hz, 1H), 8.29 (dd, J = 7.4, 2.2 Hz, 1H), 8.01 —
7.88 (m, 4H), 7.63 (m, 1H), 7.55 — 7.35 (m, 8H); *C NMR (100 MHz, CDCl3) § 172.7 (d, Jc.p = 6.3 Hz),

134.6 (d, J c.p = 25 Hz), 134.1 (d, J c.p = 74 Hz), 133.3, 132.0, 131.9 (d, J c.p = 2 H2), 131.6 (d, J c.p = 9 H2),
129.8, 128.5 (d, J cp = 13 Hz), 128.0, 127.6.

(E)-N-(3,4-Dimethoxybenzylidene)-P,P-diphenylphosphinic amide (7q)®
o

L

eOD)\H
MeO
White solid; Yield - 58%; R; (50% EtOAc/hexane) 0.13; Prepared as shown in general experimental
procedure. *H NMR (400 MHz, CDCls) § 9.18 (d, J = 32.0 Hz, 1H), 7.93 -7.88 (m, 4H), 7.61 (s, 2H), 7.49-
7.43 (m, 6H), 6.92 (d, J = 8.1 Hz, 1H), 3.95 (s, 3H), 3.92 (s, 3H); *C NMR (100 MHz, CDCl3) § 172.9 (d, J

cp = 7.1 Hz) , 154.0, 1495, 133.1 (d, Jc.p = 127.5 Hz), 131.6, 131.5, 131.4, 129.1 (d, J . = 25.3 Hz), 128.4
(d, Jcp = 12.4 Hz), 126.8, 110.2 (d, J c-p = 62.7 Hz), 56.0, 56.0.

General procedure for Synthesis of Aziridine:

To a flame-dried schlenk tube containing K,COs; (67.9 mg, 0.49 mmol), O-benzyl(Thiolan-2-
yl)diphenylmethyl ether (11.2 mg, 0.03 mmol), Nal (13 mg, 0.08 mmol), imine (50 mg, 0.16 mmol) and 0.5
ml of CH3CN were added. To that, finally benzyl bromide (38.9 pL, 0.33 mmol) was added and stirred, the
reaction was monitored by TLC. After completion, the reaction mixture was diluted with EtOAc and filtered
through Celite®, filtrate was evaporated in vacuo to yield the crude product. The crude product was further

purified by EtOAc/hexane mixture over neutral alumina to afford the pure corresponding product.

(2R,3R)-2,3-Diphenyl-1-tosylaziridine (8a)™

Ts
N
0
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White solid; Yield - 78%; Rs (20% EtOAc/hexane) 0.5; Prepared as shown in general experimental
procedure. [a]*’p= +23.8 (¢ 0.92, CHCI3); *"H NMR (400 MHz, CDCls) & 7.63 (d, J = 8.4 Hz, 2H), 7.43 —
7.34 (m, 10H), 7.21 — 7.19 (m, 2H), 4.27 (s, 2H), 2.39 (s, 3H); **C NMR (100 MHz, CDCls) § 143.9, 137.1,
133.0, 129.4, 128.7, 128.5, 127.5, 128.3, 50.4, 21.6; enantioselectivity was determined by HPLC analysis
(Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1); retention time: 17.4 min (enantiomer) and 20.7

min (major).

tert-butyl (2R,3R)-2,3-Diphenylaziridine-1-carboxylate (8b)*

IIBOC
oy
White solid; Yield - 63%; R; (5% EtOAc/hexane) 0.3; Prepared as shown in general experimental procedure.
[a]*’p= +121 (c 1.0, CHCI5); *H NMR (400 MHz, CDCls) § 7.32 — 7.30 (m, 10H), 3.78 (s, 2H), 1.20 (s, 9H);
3C NMR (125 MHz, CDCls) & 159.4, 135.6, 128.5, 128.1, 127.1, 81.4, 47.6, 27.7; enantioselectivity was

determined by HPLC analysis (Chiralpak-AD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 19/1); retention time:

8.1 min (major) and 8.8 min (enantiomer).

((2R,3R)-2,3-Diphenylaziridin-1-yl)diphenylphosphine oxide (8c)*

Ph
P~ph

0

White solid; Yield - 85%; R; (50% EtOAc/hexane) 0.59; Prepared as shown in general experimental
procedure. [a]*'p = -17.3 (¢ 0.82, CHCl5); *H NMR (400 MHz, CDCls) § 7.85 (m, 2H), 7.64 — 7.55 (m, 2H),
7.40 — 7.19 (m, 16H), 4.09 (d, J = 12 Hz, 2H); *C NMR (100 MHz, CDCls) & 135.6 (d, Jc.p = 5 Hz), 131.7
(d, Jcp =9 Hz), 1313 (d, Jcp = 4 Hz), 128.3, 128.2, 128.1 128.0, 127.8, 47.2 (d, J cp = 6 Hz);
enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH,

O=

49/1); retention time: 20.0 min (major) and 23.4 min (enantiomer).

((2R,3R)-2-Phenyl-3-(4-(trifluoromethyl)phenyl)aziridin-1-yl)diphenylphosphine oxide (8d)

-516 -



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Ph
O=p’
P~ph

N
Belhe

White solid; Yield - 82%; R; (50% EtOAc/hexane) 0.63; Prepared as shown in general experimental
procedure. Mp 124-126 °C; [0]*'b = -11.3 (¢ 1.0, CHCI5); IR (neat): 3057, 1494, 1437, 1203, 1123, 1014,
956, 727, 708, 555 cm™; *H NMR (400 MHz, CDCl3) & 7.93 — 7.83 (m, 2H), 7.67 — 7.57 (m, 2H), 7.50 (q, J
= 8.6 Hz, 4H), 7.45 — 7.32 (m, 6H), 7.32 — 7.23 (m, 5H), 4.15 (q, J = 3.2 Hz, 1H), 4.11 (g, J = 3.2 Hz, 1H);
3C NMR (100 MHz, CDCl3) & 139.7 (d, J c.p = 1.9 Hz), 135.0 (d, J c.p = 5.0 Hz), 134.0 (d, J cp = 133.3 H2),
132.5 (d, Jcp = 124 Hz), 131.6, 131.5, 131.4, 131.3, 130.1 (g, Jc.r = 32.3 Hz), 128.3, 128.2, 128.1, 128.0,
127.7,124.0 (d, Jcr = 270.5 Hz), 125.1 (d, Jcp = 3.4 HZ), 122.6,47.4 (d, Jc.p = 6.7 HZ), 46.4 (d, Jc.p = 6.6
Hz) ;3P NMR (162 MHz, CDCls) & 28.24; EI-MS (m/z): Calcd for Co7H2FsNOP [(M + H)*] 464.1391,
found [(M + H)"] 464.1405; enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min,

220 nm, hexane/i-PrOH, 49/1); retention time: 15.9 min (major) and 20.8 min (enantiomer).

((2R,3R)-2-(4-Chlorophenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8e)

Ph
O=p’
P~ph

Jegme

White solid; Yield - 84%; R; (50% EtOAc/hexane) 0.6; Prepared as shown in general experimental
procedure. Mp 137-140 °C; [0]*’b = -36.7 (¢ 1.0, CHCI5); IR (neat): 3060, 1619, 1438, 1325, 1166, 1124,
729, 697, 558 cm™; *H NMR (400 MHz, CDCls) & 7.89-7.83 (m, 2H), 7.65-7.60 (m, 2H), 7.44 — 7.19 (m,
15H), 4.10 (dd, J = 14.3, 3.2 Hz, 1H), 4.03 (dd, J = 14.0, 3.2 Hz, 1H); *C NMR (125 MHz, CDCls)  135.4
(d, Jcp =4.7 Hz), 134.1 (d, Jc-p = 133.1 Hz), 134.0 (d, Jc.p = 5.5 Hz), 132.7 (d, Jcp = 124.2 Hz), 131.6,
131.4 (d, Jc.p = 13 Hz), 131.3, 129.6, 129.2, 128.3, 128.2, 128.2, 128.1, 128.0, 128.0, 127.6, 46.8, 46.8; *'P
NMR (162 MHz, CDCls) & 28.24; EI-MS (m/z): Calcd for Co6H,,CINOP [(M + H)*] 430.1128, found [(M +
H)*] 430.1122; enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min, 220 nm,

hexane/i-PrOH, 49/1); retention time: 19.1 min (major) and 24.7 min (enantiomer).

((2R,3R)-2-(4-Fluorophenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8f)
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Ph
P~ph

a0

White solid; Yield - 85%; R; (50% EtOAc/hexane) 0.58; Prepared as shown in general experimental
procedure. Mp 139-141 °C; [a]*'p = -24.7 (c 1.0, CHCIs) ); IR (neat):3058, 1604, 1512, 1205, 1123, 957, 726,
694, 526 cm™; *H NMR (400 MHz, CDCls) § 7.92 — 7.81 (m, 2H), 7.63 (m, 2H), 7.48 — 7.22 (m, 13H),
6.98 — 6.89 (m, 2H), 4.15 (dd, J = 14.5, 3.3 Hz, 1H), 4.01 (dd, J = 14.0, 3.3 Hz, 1H); *C NMR (100 MHz,
CDCl3) 6 162.5 (d, Jcr = 245.2 Hz), 135.6 (d, Jc.p = 4.8 Hz), 134.2 (d, Jc.p = 133.2 Hz), 132.8 (d, Jcp =
124.2 Hz), 131.5 (d, J c.p = 31.9 Hz), 131.5 (d, J c.p = 13.2 Hz), 131.0, 129.7 (d, J c.p = 8.2 Hz), 128.3, 128.3,
128.2, 128.1, 128.0 (d, Jcp = 2.8 Hz), 127.5, 115.20, 115.0, 47.2 (d, Jc.p = 7 Hz), 46.3 (d, Jcp = 6.4 Hz) ;
3P NMR (162 MHz, CDCls) 6 28.20; EI-HRMS (m/z): Calcd for CosHx:FNOP [(M)*] 413.1345, found
[(M)*] 413.1353; enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min, 220 nm,

O=

hexane/i-PrOH, 19/1); retention time: 8.1 min (major) and 10.1 min (enantiomer).

((2R,3R)-2-(4-Methoxyphenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8g)

Ph
P~ph

N
Meo/@u

Colorless oil; Yield - 86%; R (50% EtOAc/hexane) 0.55; Prepared as shown in general experimental
procedure. [a]®p = -210.0 (c 0.4, CHCI5): IR (neat): 3057, 2995, 2926, 1612, 1514, 1438, 1248, 1170, 1125,
742, 558 cm™; *H NMR (400 MHz, CDCl3) & 7.90 — 7.81 (m, 2H), 7.67 — 7.58 (m, 2H), 7.43 — 7.22 (m,
13H), 6.81 — 6.75 (m, 2H), 4.17 (dd, J = 14.6, 3.3 Hz, 1H), 3.99 (dd, J = 14.1, 3.3 Hz, 1H), 3.79 (s, 3H); *C
NMR (125 MHz, CDCls) 6 159.4, 136.1 (d, J c.p = 4.5 Hz), 134.5 (d, J c.p = 133.1 Hz), 133.1 (d, Jc.p = 124.4
Hz), 131.7 (d, Jc.p = 9.1 Hz), 131.5, 131.4, 131.3, 129.3, 128.3, 128.2, 128.0, 127.9 (d, J c.p = 9.3 Hz), 127.5,
127.1 (d, Jcp = 5.1 Hz), 113.6, 55.2, 47.9 (d, Jc.p = 6.9 Hz), 46.0 (d, Jc.p = 6.2 HZ) ; *'P NMR (162 MHz,
CDCls) § 28.24; HRMS (FAB", magnetic sector) (m/z): Calcd for Co7H2sNO2P [(M + H)*] 426.1623, found
[(M + H)"] 426.1628; enantioselectivity was determined by HPLC analysis (Chiralcel-OD-H, 1.0 mL/min,
220 nm, hexane/i-PrOH, 9/1); retention time: 7.9 min (major) and 9.7 min (enantiomer).

O=

((2R,3R)-2-(3-Methoxyphenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8h)
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Ph
O=p’
P~ph

N
Meo\@ul,,/Q

White solid; Yield - 93%; R; (50% EtOAc/hexane) 0.55; Prepared as shown in general experimental
procedure. Mp 156-158 °C; [0]*®5 = -2.3 (c 0.7, CHCI5); IR (neat): 3057, 3005, 2833, 1602, 1438, 1206,
1123, 958, 727, 548 cm™; 'H NMR (500 MHz, CDCls) & 7.89 — 7.73 (m, 2H), 7.61 (m, 2H), 7.37 — 7.21 (m,
11H), 7.14 (t, J = 7.9 Hz, 1H), 6.94 — 6.76 (m, 2H), 6.75 (dd, J = 8.2, 1.6 Hz, 1H), 4.08 (dd, J = 14.2, 3.1 Hz,
1H), 4.02 (dd, J = 14.1, 3.1 Hz, 1H), 3.72 (s, 3H); *C NMR (125 MHz, CDCls3) § 159.6, 137.4 (d, Jc.p = 4.7
Hz), 135.4 (d, J c.p = 4.7 Hz), 134.5 (d, J c.p = 133.5 Hz), 133.0 (d, J c.p = 124.4 Hz), 131.7 (d, Jcp = 9.1 H2),
131.5, 131.4, 131.3, 129.3, 128.3, 128.2, 128.0, 128.0, 127.9, 120.1, 114.1, 112.8, 55.2, 47.6 (d, Jc.p = 6.9
Hz), 47.0 (d, Jcp = 6.6 Hz) ; *'P NMR (162 MHz, CDCls) § 28.12; HREI-MS (m/z): Calcd for Co7H24NO2P
[(M)™] 425.1545, found [(M)"] 425.1554; enantioselectivity was determined by HPLC analysis (Chiralcel-
OD, 1.0 mL/min, 254 nm, hexane/i-PrOH, 49:1); retention time: 24.0 min (major) and 26.6 min (enantiomer).

((2R,3R)-2-(2-Methoxyphenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8i)

Colorless oil; Yield - 88%; Rs (50% EtOAc/hexane) 0.43; Prepared as shown in general experimental
procedure. [0]%%5 = +9.9 (c 0.1, CHCIs); IR (neat): 3057, 2953, 2837, 1603, 1588, 1463, 1438, 1248, 1200,
1124, 1027, 9924, 753, 727, 697, 565 cm™; *H NMR (400 MHz, CDCl3) § 7.91 — 7.91 (m, 2H), 7.71 — 7.66
(m, 2H), 7.46 — 7.21 (m, 13H), 6.94 (m, 1H), 6.66 (m, 1H), 4.32 (dd, J = 14.4, 3.2 Hz, 1H), 4.20 (dd, J = 14.8,
3.2 Hz, 1H), 3.60 (s, 3H); *C NMR (100 MHz, CDCls) & 158.9, 136.4 (d, Jc.p = 4.8 Hz), 134.7 (d, Jc.p =
131.9 Hz), 133.2 (d, Jc.p = 125.1 Hz), 131.6 (d, Jcpr = 8.9 Hz),131.3, 131.0, 129.2, 128.2, 128.1, 128.0,
127.8, 127.7, 127.6, 123.6, 123.5, 120.1, 109.7, 54.7, 44.6 (d, Jc.p = 5.8 Hz), 44.7 (d, Jc.p = 6.9 Hz),; *'P
NMR (162 MHz, CDCls) § 28.26; HREI-MS (m/z): Calcd for C,7H24NO,P [(M)*] 425.1545, found [(M)*]
425.1543; enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min, 280 nm,
hexane/i-PrOH, 9:1); retention time: 6.0 min (major) and 7.3 min (enantiomer).

(4-((2R,3R)-1-(Diphenylphosphoryl)-3-phenylaziridin-2-yl)benzonitrile (8j)*
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Ph
O=p’
P~ph

N
NC/OQ

White solid; Yield - 73%; Rs (50% EtOAc/hexane) 0.35; Prepared as shown in general experimental
procedure. Mp 184-186 °C; [a]®,= -10.7 (c 1.0, CHCI3) ); IR (neat): 3058, 2227, 1609, 1438, 1205, 1123,
953, 727, 694, 552 cm’™*; *H NMR (400 MHz, CDCl3) § 7.88 — 7.80 (m, 2H), 7.66 — 7.63 (m, 2H), 7.58 —
7.23 (m, 15H), 4.12 (q, J = 3.2 Hz, 1H), 4.08 (q, J = 3.2 Hz, 1H); *C NMR (100 MHz, CDCl5) 5 141.0 (d, J
cp = 5.3 Hz), 134.8 (d, Jcp = 4.8 Hz), 133.8 (d, J c.p = 133 Hz), 132.3 (d, J cp = 123 Hz), 132.0, 131.7,
131.6 (d, Jcp = 2.8 Hz), 131.5 (d, Jc.p = 9.4 Hz), 131.3 (d, Jc.p = 9.4 Hz), 128.5, 128.3 (d, J c.p = 21.8 H2),
128.4,128.3, 128.1, 127.6, 118.6, 111.7, 47.5 (d, J c.p = 6.5 Hz), 46.5 (d, J c.p = 6.6 Hz); *P NMR (162 MHz,
CDCl3) & 28.35; HRMS (FAB®, magnetic sector) (m/z): Calcd for C7H2N,OP [(M + H)'] 421.1470,
found [(M + H)"] 421.1463; enantioselectivity was determined by HPLC analysis (Chiralpak-AS, 0.7

mL/min, 254 nm, hexane/i-PrOH, 19:1); retention time: 32.6 min (major) and 38.7 min (enantiomer).

((2R,3R)-2-Phenyl-3-(p-tolyl)aziridin-1-yl)diphenylphosphine oxide(8k)

Ph
O=p’
P~pnh

a0

White solid; Yield - 85%; R; (50% EtOAc/hexane) 0.63; Prepared as shown in general experimental
procedure. Mp 152-154 °C; [a]*'b = -24.3 (c 1.0, CHCI3); IR (neat): 3056, 2917, 1517, 1437, 1261, 1069,
725, 695, 572 cm™; *H NMR (400 MHz, CDCl3) & 7.89 — 7.84 (m, 2H), 7.66 — 7.61 (m, 2H), 7.41 — 7.24 (m,
13H), 7.07 (d, J = 7.9 Hz, 2H), 4.09 (dt, J = 12.9, 3.3 Hz, 2H), 2.32 (s, 3H); *C NMR (100 MHz, CDCl5) &
137.7,135.8 (d, Jc.p = 4.3 Hz), 135.1, 133.8 (d, J c.p = 10.9 Hz), 132.4, 131.7 (d, J c.p = 9.2 Hz), 131.5, 131.4,
131.3 (d, Jcp = 1.5 Hz), 128.9, 128.3, 128.2, 128.2, 128.1, 127.9 (d, Jcp = 1.9 HZz), 127.7 (d, Jc.p = 3.5 H2),
47.3 (d, Jcp = 6.9 Hz), 46.8 (d, Jcp = 6.7 Hz), 21.2; **P NMR (162 MHz, CDCls) & 28.20; EI-MS (m/2):
Calcd for Co;H2sNOP [(M + H)'] 410.1674, found 410.1686;enantioselectivity was determined by HPLC
analysis (Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1); retention time: 18.1 min (major) and

22.9min (enantiomer).

((2R,3R)-2-Phenyl-3-(m-tolyl)aziridin-1-yl)diphenylphosphine oxide (8l)
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Ph
P\Ph

oo

White solid; Yield - 92%; R; (50% EtOAc/hexane) 0.55; Prepared as shown in general experimental
procedure. Mp 152-154 °C; [0]*°% = -9.0 (c 0.3, CHCI5); IR (neat): 3057, 3009, 2978, 2917, 1605, 1590,
1438, 1206, 955, 779, 712, 552 cm™; 'H NMR (500 MHz, CDCls) & 7.93 — 7.84 (m, 2H), 7.67 — 7.59 (m,
2H), 7.42 — 7.25 (m, 11H), 7.18-7.14 (m, 2H), 7.12 (s, 1H), 7.06 (d, J = 6.5 Hz, 1H), 4.10 (dqg, J = 6.5 Hz,
2H), 2.29 (s, 3H); *C NMR (125 MHz, CDCls) & 137.8, 135.7 (d, J c.» = 5.0 Hz), 135.5 (d, J c.p = 4.8 H2),
134.5 (d, J cp = 134.1 Hz), 133.0 (d, J c.p = 125.1 Hz), 131.7 (d, J c.p = 9.2 Hz), 131.5, 131.4, 131.2, 128.7
(d, J cp=5.9Hz),128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.8, 124.7, 47.2 (d, J c.p = 6.6 Hz), 47.0 (d, J
cp = 6.7 Hz), 21.3; P NMR (162 MHz, CDCls) & 28.02; EI-MS (m/z): Calcd for CoH24NOP [(M)']
409.1596, found [(M)*] 409.1595; enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0
mL/min, 220 nm, hexane/i-PrOH 49/1); retention time: 16.5 min (major) and 19.6 min (enantiomer).

O=

((2R, 3R)-2-Phenyl-3-(0-to|yl)aziridin-1-y|)dipheny|phosphine oxide (8m)

P\Ph

o

Colorless oil; Yield - 86%; Rs (50% EtOAc/hexane) 0.6; Prepared as shown in general experimental
procedure. [0]%*5 = -7.4 (c 1.0, CHCI5); IR (neat): 3057, 1604, 1490, 1456, 1206, 1123, 957, 751, 727, 555
cm™: *H NMR (400 MHz, CDCls) & 7.97 — 7.88 (m, 2H), 7.65 — 7.57 (m, 2H), 7.45 — 7.33 (m, 7H), 7.31 —
7.22 (m, 5H), 7.21 — 7.15 (m, 2H), 7.04 (m, 1H), 4.29 (dd, J = 15.0, 3.5 Hz, 1H), 4.00 (dd, J = 14.3, 3.5 Hz,
1H), 2.13 (s, 3H); *C NMR (100 MHz, CDCl3) § 137.7, 135.2 (d, J c.p = 5.5 Hz), 134.3 (d, J c.p = 132.3 Hz),
134.0 (d, Jcp = 4.7 Hz), 132.7 (d, Jc.p = 124.4 Hz), 131.7, 131.6 (d, Jcp = 4.2 Hz), 131.5, 131.3 (d, Jcp =
1.7 Hz), 129.8, 128.3, 128.2, 128.0, 127.9, 127.9, 127.8, 126.4, 125.8, 46.8 (d, Jcp = 6.7 Hz), 44.5 (d, Jcp =
6.4 Hz), 19.1; *'P NMR (162 MHz, CDCls) & 28.40; EI-MS (m/z): Calcd for Cy7H2sNOP [(M + H)']
410.1674, found [(M + H)™] 410.1665; enantioselectivity was determined by HPLC analysis (Chiralcel-OD,
1.0 mL/min, 220 nm, hexane/i-PrOH, 49:1); retention time: 14.6 min (major) and 18.4 min (enantiomer).

((2R,3R)-2-([1,1'-Biphenyl]-4-yl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8n)
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Ph
O=p’
P~ph

N
Ph/<j/u @

White solid; Yield - 82%; R; (50% EtOAc/hexane) 0.48; Prepared as shown in general experimental
procedure. Mp 110-113 °C; [0]*’b = -17.6 (¢ 1.0, CHCI5); IR (neat): 3056, 3030, 1600, 1438, 1205, 1124,
998, 727, 694, 555 cm™; *H NMR (400 MHz, CDCls) & 7.93 — 7.88 (m, 2H), 7.67 — 7.57 (m, 4H), 7.51 —
7.25 (m, 18H), 4.18 (dd, J = 14.3, 3.3 Hz, 1H), 4.12 (dd, J = 14.1, 3.3 Hz, 1H); *C NMR (125 MHz, CDCls)
5 140.8, 140.7, 135.7 (d, Jcp = 4.9 Hz), 134.5 (d, Jcp = 5.0 HZ), 134.4 (d, Jc.p = 133.2 HZ), 132.9 (d, Jcp =
124.25 Hz), 131.7, 131.6, 131.5, 131.4, 131.3, 128.8, 128.3, 128.3, 128.0, 128.0, 127.7, 127.3, 127.0, 126.9,
47.3 (d, Jcp = 6.6 Hz), 47.0 (d, Jcp = 6.6 Hz) ; *'P NMR (162 MHz, CDCls) & 28.32; HRMS (FAB®,
magnetic sector) (m/z): Calcd for CsHxyNOP [(M + H)] 472.1830, found [(M + H)'] 472.1826;
enantioselectivity was determined by HPLC analysis (Chiralpak-AD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH,

3/1); retention time: 33.0 min (major) and 60.0 min (enantiomer).

((2R,3R)-2-(Naphthalen-2-yl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (80)

Ph
O=p’
P~ph

00

White solid; Yield - 86%; R; (50% EtOAc/hexane) 0.63; Prepared as shown in general experimental
procedure. Mp 169-171 °C; [a]*’p = -22.7 (¢ 1.0, CHCI5); IR (neat): 3049, 1438, 1205, 1162, 1124, 964, 728,
695, 559 cm™; 'H NMR (400 MHz, CDCl3) & 7.95 — 7.86 (m, 2H), 7.84 — 7.71 (m, 4H), 7.68 — 7.58 (m, 2H),
7.52 (m, 1H), 7.50 — 7.20 (m, 13H), 4.31 (dd, J = 14.2, 3.2 Hz, 1H), 4.21 (dd, J = 14.1, 3.2 Hz, 1H); *C
NMR (100 MHz, CDCl3) 6 135.4 (d, Jc-p = 5.5 Hz), 134.3 (d, Jc.p = 133.2 HZz), 133.1 (d, Jcp = 5.1 H2),
133.0, 133.0, 132.8 (d, Jc.p = 124.4 Hz), 131.7, 131.6, 131.5, 131.4, 128.3, 128.2, 128.2, 128.0, 128.0, 127.9,
127.9, 127.6, 127.5, 126.1, 126.0, 124.9, 47.4 (d, Jcp = 6.8 Hz), 47.2 (d, Jcp = 6.7 Hz) ; P NMR (162
MHz, CDCls) § 28.18; HRMS (FAB®, magnetic sector) (m/z): Calcd for CzgHzsNOP [(M + H)'] 446.1674,
found [(M + H)'] 446.1673; enantioselectivity was determined by HPLC analysis (Chiralcel- OD-H, 1.0

mL/min, 220 nm, hexane/i-PrOH, 19/1); retention time: 14.7 min (major) and 17.2 min (enantiomer).

((2R,3R)-2-(2-Bromophenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8p)
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Ph
O=p’
P~ph
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0

White solid; Yield - 82%; R; (50% EtOAc/hexane) 0.5; Prepared as shown in general experimental procedure.
Mp 94-96 °C; [0]*°p = +28.2 (c 0.3, CHCls); IR (neat): 3057, 1590, 1497, 1252, 1123, 959, 752, 727, 694,
551, 528 cm™; 'H NMR (500 MHz, CDCls) § 7.90 — 7.86 (m, 2H), 7.64 — 7.60 (m, 2H), 7.44 (m, 1H), 7.40 —
7.19 (m, 13H), 7.09 (m, 1H), 4.51 (dd, J = 15.0, 3.5 Hz, 1H), 3.90 (dd, J = 14, 3.5 Hz, 1H); **C NMR (125
MHz, CDCl3) & 135.5 (d, Jcp = 4.9 Hz), 134.6 (d, J c.p = 5.4 Hz), 134.3 (d, Jc.p = 133 Hz), 132.5 (d, Jc.p =
125 Hz), 131.7, 131.6, 131.6, 131.5, 131.5, 129.3, 128.3, 128.3, 128.2, 128.1, 128.1, 128.0, 127.3, 124.9,
47.8 (d, J cp = 6.6 Hz), 45.8 (d, J cp = 6.0 Hz) ; *'P NMR (162 MHz, CDCls) & 28.61; HRMS (FAB",
magnetic sector) (M/z): Calcd for CyH,NOBIP [(M + H)'] 474.0622, found [(M + H)"] 474.0620;
enantioselectivity was determined by HPLC analysis (Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH,

49/1); retention time: 18.0 min (major) and 20.2 min (enantiomer).

((2R,3R)-2-(3,4-Dimethoxyphenyl)-3-phenylaziridin-1-yl)diphenylphosphine oxide (8q)

Ph
P~ph

N
Meojij/u',,/Q

MeO

Colorless oil; Yield - 73%; R; (50% EtOAc/hexane) 0.59; Prepared as shown in general experimental
procedure. [a]¥ = +26.9 (c 0.5, CHCI5); IR (neat): 3058, 2934, 2835, 1591, 1517, 1462, 1201, 1108, 1027,
727,696, 551 cm™; 'H NMR (400 MHz, CDCl3) § 7.90 — 7.86 (m, 2H), 7.67 — 7.63 (m, 2H), 7.42 — 7.24 (m,
11H), 6.92 —6.90 (m, 2H), 6.75 (m, 1H), 4.20 (d, J = 4 Hz, 1H), 4.17 (d, J = 4 Hz, 1H); *C NMR (100 MHz,
CDCls) 6 148.8 (d, J c.p = 21.9Hz), 136.2, 134.5 (d, J c.p = 133.5 Hz), 133.1 (d, J c.p = 124 Hz), 131.7 (d, J c.p
= 9.1 Hz), 131.4 (d, Jcp = 8.6 Hz), 131.4, 131.3, 128.3, 128.2, 128.1, 128.0, 127.9, 127.6, 127.4, 120.6,
111.3, 110.8, 55.9, 55.8, 48.7 (d, J c.p = 7.3 Hz), 45.9 (d, J c.p = 6.1 Hz); *'P NMR (162 MHz, CDCl3) 5

28.14; EI-MS (m/z): Calcd for CgHa6NO3P [(M)*] 455.1650, found [(M)'] 455.1649; enantioselectivity was
determined by HPLC analysis (Chiralcel-OD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH, 19/1); retention time:

O=

27.5 min (major) and 34.1 min (enantiomer).

(2R,3R)-2,3-Diphenylaziridine (9)**

-S23 -



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

H
@A

To a suspension of LiAIH, (7.7 mg, 0.20 mmol) in THF (0.2 mL) under nitrogen at 0 °C, a solution of
aziridine 8c (26.5 mg, 0.07 mmol) in THF (0.75 mL) was added dropwisely. The mixture was gradually
warmed to room temperature and followed by TLC. The reaction mixture was quenched with sat. NH,CI,
extracted with EtOAc (5 mL x 3), dried over Na,SO4, and concentrated in vacuo. The residue was purified by
flash column chromatography (EtOAc-hexane, 1:9) to give 9 as a colorless liquid (9.2 mg, 69 % yield); Rs
(30% EtOAc/hexane) 0.57; [0]*'p = +333 (¢ 0.75, CHCI3); 'H NMR (400 MHz, CDCls) & 7.38 — 7.26 (m,
10H), 3.10 (br s, 2H).

(1S,2R)-2-Amino-1,2-diphenylethanol (10)*
NH,

! OH

To a stirred solution of aziridine 9 (9.2 mg, 0.05 mmol) in acetone/water (2:1, 0.47 mL) was added
trifluoroacetic acid (4 uL, 0.05 mmol) at 10 °C. The mixture was gradually warmed to room temperature and
stirred overnight. The reaction mixture was quenched with sat. NaHCO3, extracted with dichloromethane (5
mL x 3), dried over Na,SO,4, and concentrated in vacuo. The residue was purified by flash column
chromatography (EtOAc-hexane, 3:2) to give 10 as a white solid (8 mg, 81 % yield). R (EtOAc) 0.2; [a]* b=
+6.5 (c 0.74, EtOH); *H NMR (400 MHz, CDCl3) 7.33 — 7.21 (m, 10H), 4.75 (d, J= 6.3 Hz, 1H), 4.17 (d, J
= 6.3 Hz, 1H). ee was determined by *H NMR of the Mosher amide derivative & 5.36 (enantiomer), & 5.29

(major).
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HPLC analysis

HPLC condition: Chiralcel-OJ column, 1.0 mL/min, 20% i-PrOH/hexane, 220
nm, 18.9 min (enantiomer), 35.6 min (major)

[(R)-6a with 95% e¢]

# Time Area Height Width Areak i Time Area Height Width Area¥
1 1888 130789 257 079138 459801 1 19,032 137 15 0.7334 238
2 35599 131835 108.7 1.8452 50,133 2 M.E7 0077 2327 20139 97 602
Al o L0 B
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O HPLC condition: Chiralpak-AD column, 5% i-PrOH/hexane, 220 nm, 6.0
min (enantiomer), 8.5 min (major)
S O
OH
1a
racemic 1a | (S)-1a with >99% e¢]
# Time Area Height Width Area® it Time Area Height Width Areak
1 E.028 138814 22031 0143 49,338 1 E.042 204 1.8 0165 0.057
2 8522 204149 16458 0.2041 a0 6E2 2 a5 359531 247E6.2 0.2274 93,943
(] e
. ‘m
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Ts HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
N . . . .
5 17.4 min (enantiomer) and 20.7 min (major).
‘Ph
8a
racemic 8a |(R, R)-8a with 97% e¢|
# Time Area Height Width Area% Symmetry # Time Area Height Width Area® Symmety
[1] 17372 | 92544 763 | 06717 | 49940 | 04 | [ 1 [ 1831 | 71 | 1.7 [ oszmm | 174 | o7l |
[2] 20744 | 9316 2033 | omze | 50060 | o603 | [ 2 | 21602 | 40205 | 7.4 | nm9sa | 98266 | 0Bz |
VD1 B, Sig=220,8 Ref=300,100, TT (NTIMTEC31000001.0) WA B, Sigr220,8 Ref=390,100, TT (MTITEQ40000001.0)
& H "
n ) “g“ .
- a2 [ (
[ % / L [
- ! “ ‘
P \ ‘ 4 ‘
" | » |
& | “‘ 2
° ‘ ‘ 0 \
»- : ‘,\ ’;‘ '-\
- — e / I 0-
" " % 18 2 2 » m ] © “ % #® a a2 ¥ m

Boc HPLC condition: Chiralpak-AD column, 5 % i-PrOH/hexane, 220 nm,
N . . . .
' 8.1 min (major), 8.8 min (enantiomer)
“Ph
8b
racemic 8b |(R, R)-8b with 88% ee|
i Time Area Height Width Area¥ Symmetry § Time Area Height Width Area®  Symmety
[1 ] ®am [ soeaz [ a3mad [ o2m [ s023 | o846 |[1 [ 814z | 394771 | 2899 | 02129 | 94227 | 0836 |
[ 2] 834 | 49757 | 3555 | 02153 | 43762 | 0854 |[ 2 | @em | emeeé | 1663 | 02237 | 573 | 067 |
WAD1 B, SiF2208 Re380,100, TT (NTIMTB285000001 D) D1 B, Sig=Z20 8 Ref=380,900, TT (MTWMTEGT2000002 )
o s 1 = §
= | ] . h
- 5 |
. I - H
100- [ ] |
I |
s [ Y ,‘ \W;“\
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P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
N . . . .
‘ 20.0 min (major) and 23.4 min (enantiomer).
“Ph
8c
racemic 8c |(R, R)-8c with 98% eel
# Time Area Height Width Area¥ Symmetry # Time Area Height Width Area%  Symmetry
[1 ] 19963 [ 208287 | 4875 [ 06463 [ 80773 [ 0OB4 | [ 1 | zome [ 26297 | 5389 | 07493 [ 99076 | 0434 |
[2 ] zzaa | 199035 | 3926 | o7rad [ 49227 | 0531 | [ 2 [ 2467 | 2451 | 45 | o7mze [ o524 [ o7El |
MDY 8, SigF720;3 Ret=380, 100, TT (MTW TREE3000003 1) M1 B, Sige220.8 Ref=360,100, TT (MTWTEQS40000040)
= b o i
“ N 1
| f“ & | \
- = [
| \I I - | “‘
. A = B
- \I I!I | \“‘ - |
)I \ .‘I “
P(O)Ph,  [HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
1
N . . . .
, 15.9 min (major) and 20.8 min (enantiomer).
“Ph
FsC 8d
racemic 8d |(R, R)-8d with 96% ee|
# Time Area Height Width Area¥  Symmetry i Time Area Height Width AreaX Symmetry
[ 1] 1sen | 19006 | 413 05223 [ 50053 | 0534 | [ 1 [ 15284 | 50639 | 144 | 0533 [ 98056 | 0483 |
[ 2] 2083 | 140706 | 3135 06917 [ 49847 | 06 | [2 | zoFxa [ 1004 | 23 | 05823 [ 1944 | 0764 |
MAD1 B, Sig=220% Rei=50,900, TT (MTWTE00000000%.0) WD C, Sig=2548 Refed00,100, TT (NTINTEG2000002.D)
: : e i
f“ i
k. | - H‘
% [ | " ‘ }\
,m \ ‘ g \ \‘
® | “ : R
0 |
[ |
a- | ! & | i
e “ A s E e T s s m w
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P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
I
N . . . .

4 19.1 min (major) and 24.7 min (enantiomer).

“Ph

Cl 8e
racemic 8e (R, R)-8e with 96% eel

# Time Area Height Width AreaX Symmetry # Tame Area Height Width AreaZ  Symmetiy
[ 1 [ 1a141 | 4906 | &9 | 1054 [ 60780 [ 047 | [1 ] 7eos3 | 333981 | &35 | 0@73 | 9823 | 0307 |
[ 2] 24633 | 47385 | 87 [ oooez [ 48210 | 0838 | 2| 44 | eot3 | 106 | ooesr | 1789 | 097 |

W1 8, SiF220 8 Ref=350.900, TT (WTWTEA05000001 D) D1 B, Sig=220) 8 Ref=380,100, TT (MTWTE341000001 0}
= S : ;
y af < 8
e 2 K ‘
[ ”

- !

& A {1 o

> ‘\ \ |

0 ( “ »-

A \ ‘ \ o X :

o \ [ :

=\ 4 : -

7!0 25 5 15 - . 25 5 5 m ] 77777{7 % i e il 2 74777733771;\
P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 19/1,
N . . . .
, 8.1 min (major) and 10.1 min (enantiomer).
“Ph
F 8f
racemic 8f (R, R)-8f with 97% e¢]

# Time Area Height Width Area® Symmetry i Time Area Height Width AreaX Symmetbry
[+ ] 8123 [ 1o3zee [ e3%3 [ oz473 [s0m4a [ oesr | [ 1] =587 [ 10854 [ G364 | 02612 [ 99486 | 058 |
[ 2] tooes | toevss | 5254 | 03022 | 49886 | o677 | L2 | toyez [ 1704 | 85 | oaosz | 1544 | 07ve |

AD1 B, SiF2208 Ref330.90, 7T b W01 8 Sig=220.8 Ref=380,100, TT (MTINTES14000001.0)
W 7 . - i
€ [ ‘ - “1
. 1l | . \
| | ‘ |
» | 3 “ \ » ‘
| | ‘ |
» | ‘ | m [
\‘ ‘ “ ‘ |
0 ! n- | \
b — “‘ —~— — .
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FI’(O)th HPLC condition: Chiralcel-OD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH, 9/1,
N / 7.9 min (major) and 9.7 min (enantiomer).
“Ph
MeO 89

[(R, R)-8g with 97% ee|

Time Area Height Width AreaX Symmetry

i i Time Area Height Width Area¥ Symmetry
[1] 7or8 [ s34z [ dpa2 [ o293 [som3s [ orfd | [1 [ 7es3 [ 222139 [ 1e2s [ 02929 [ 98533 [ OEE7 |
[ 2] am | sma7 | 3833 | o039 [a99m | owmz | [ 2] 978 [ o7 | 12 | o4e02 | 1467 | nosmm |

N0 8, SiF2208 Re060,%0, TT (MTINTECSTO0004 D) WAD1 8, Si=220,8 Re=360,10), TT (MTWTEZ82000002.0)
= : = :
h i
) 1000
I I
( @0
w [ | ‘
I |1 » ‘
i | (1 |
[ | ~
o ‘ : | | )
97777 — — o es— 9 ;
4 8 ] 0 “ " 4 8 (] ir * m
P(O)Ph, |HPLC condition: Chiralcel-OD, 1.0 mL/min, 254 nm, hexane/i-PrOH, 49:1,
|
N . . . .
MeO § 24.0 min (major) and 26.6 min (enantiomer).
‘Ph
8h
racemic 8h |(R, R)-8h with 96% ee|
# Time Area Height Width Area® Symmetry i Time Area Height Width Area% Symmetry
[1] 2am4 [ 3m603 | 53.4 [ 119 [ s572 | 03 | 1 25.352 118887 2281 08eee | 9181 [ 0549
[ 2| ee538 [ 333 | 432 | 12898 | 48428 | 043¢ | 7 | om 7227 37 0995 | 183 | 0603
MAD1 C, Sig=2543 Ref400.500, TT (MTWTES6000002.1) W B, Sip=2208 Re300,100, TT (NTWWTB300000001.0)
A T u
3 L 4
" 14 s
W s ~ \
o f\ § 4 |
| ET‘@ 0 [
@ [ A |
| “’ 1
i} ‘ \ 0 ‘ |
2 ‘ | "““
* | ! ;a = [
| | \ - y
NS PN S WS N, e P TR . Y.
n 15 2 % ] m 0 1 2 ¥ k] L
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P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 280 nm, hexane/i-PrOH, 9:1,
OMe N . . . .
, 6.0 min (major) and 7.3 min (enantiomer).
“Ph
8i
racemic 8i [(R, R)-8i with 95% ee|
i Time Area Height Width AreaX Symmetry i Time Area Height Width Area¥ Symmety
[ ] soaa ] 7257.9 534.1 | o186s [ s0066 | 057 | [1 ] &o48 ] 1074.9 [ 91.2 [ 01795 [ 975395 | 0652 |
[z | 7323 | 72383 45383 | 02441 | 489534 | 0543 | [ 7asr | 6.5 | 18 | nzz43 | 2405 | no7ad |
00 ‘\ o ‘H“
‘\ |
o I A | & “
) ‘\ ‘ . ] \‘
) ‘ { ‘w‘
| 3 2 |
P(O)Ph, HPLC condition: Chiralpak-AS, 0.7 mL/min, 254 nm, hexane/i-PrOH, 19:1,
N . . . .
/ 32.6 min (major) and 38.7 min (enantiomer).
“Ph
NC 8
racemic 8j |(R, R)-8j with 95% eel
# Time Area Height Width AreaX Symmetiy i Time Area Height Width Area® Symmehy
[ 1] 22ma [ 23433 | a0 [ 1@ [sotao [ om | [ 1 ] 31ysz [ 2oeras | 20 | 129s4 [ o743 | 0m94 |
[ 2] zsers | a3mes | 215 | 2srrs [ asmo | oses | [ 2| 3sE0z | e03g | 25 | 2eess | 2571 | 0m15 |
MAD1 €, Sif=25%8 Faa00, 100, 7 (TS TERS8000025.) ; WD €, 0548 Re=00.00, TT (MTWITB38000007 D) —
= ‘/}“f! 3 1 “i‘f\'}
; A ’5’»‘; \
5 [} ',,:— 150-
5 “ - ‘
10- { { |
\ »f i | s ol
3 - "\;/f‘ o #
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P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
N . . . .
/ 18.1 min (major) and 22.9min (enantiomer).
“Ph
8k
racemic 8k (R, R)-8K with 96% e¢]
# Time Area Height Width AreaX Spmmelrp # Time Area Height Width AreaX Symmetry
[1] 115 [ e4677 [ 1634 | 06058 | 50441 | 0604 | 1 16.43 369386 910.2 06115 97.833 0.441
[ 2] 22911 | e3m45 | 1375 | 07112 | 49559 | 0608 | 2 21295 218 18.8 0.6624 2167 0,737
T WAD1B, Sqe203 RS0 00, TT MTWTEISO0002D)  MADY 8, 2208 Re%0,100, T (NTWTEGEHONNR20).
0 i 5 @(: E“\‘
- | “ "1 - |
13- “ \ 800- ‘ “‘
10- { - [
- 1 e ‘1 \
0 ‘ \ 0 ‘
9 \ a0 .
2 ‘\ m \‘ f
o 0 25 % 5 2 75 " 757777775777 77«:77771’57777777777«7;777?\777773?777 =

P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH 49/1,
N . ) ) .
( 16.5 min (major) and 19.6 min (enantiomer).
“Ph
8l
racemic 8l |(R, R)-8 with 97% e¢|
# Time Area Height Width Area® Symmetry #t Time Area Height Width AreaZ Symmetry
1 16.463 289212 G716 (1.6056 01187 (1.458 1 16.253 K 2081 0.5879 98707 0465
2 19581 256731 5705 0.683 48,813 1.4 2 19.733 4101 108 0573 1.293 0798
MDA B, SiF2208 Ref=360, 100, TT (MTINTECS5000002.0) D1 B, Sige220 8 Ret<a00 00, TT(MTINTBR22000001 )
- g F Lk
i E\ é m- \
w ‘ \ “‘ \ - 1
I " |
£ \ ‘ w: | {
\ o \
o |
| n
[} | ( “ ‘ 3
0777777*777777777777777:—;;777777 s S S ——— ) - ’ —
L] 8 ] 2 ] % 2 2 L % § f 5 % 115 ]
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P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49:1,

N 14.6 min (major) and 18.4 min (enantiomer).

“'Ph

8m

(R, R)-8m with 96% e¢]

# Time Area Height Width AreaX  Symmetry # Time Area Height Width Area¥ Symmetry
[ 1] 14579 | 1eess [ sa22 | 04855 [ 0186 | 0&72 | [1 ] 14835 | 119488 | 3835 | 0473 | 9ai51 | 0587 |
[ 2] 1sav | 1amen | a3 | ore | aame [ omm | [z ] 1aAr | Al | B | 0fee4 | 1@ | o7es |
o | “ E_‘\G“ - ‘ “

| | z; = {4

E | \ \“ \ -

[ | .
_ { o\ - !
j‘ “ “\ 5: f_/\u“
P(O)Ph, HPLC condition: Chiralpak-AD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH, 3/1,
|
N . . . .
, 33.0 min (major) and 60.0 min (enantiomer).
‘Ph
Ph 8n

[(R, R)-8n with 96% eq

# Time Area Height Width Area¥% Symmetry # Time Area Height Width AreaZ Symmehy
1 3303 374 552 1.0389 50.089 0.866 1 33186 37599 b2 1.0348 97.939 0.86
2 59.95 37112 315 1.5903 49.931 0.921 2 59 757 79.1 E.BE-1 223 2061 0.507

WDIE, Siﬂ‘?? REX0100TT NW"WICED] WAD1 B, Sige220 8 Re=360,100, TT (NTWITBASB000005.0)

e g
T g
f- s‘ 8- Il
fl [l
4- | ‘ g 9 [l
2 !
il ] (1
() | , ‘
| I i |
[ | A
4 | I |
& [ [ » \
I\ [
{0 |\
L | I 0 i @
| A N
\ y ) i L8
0 = / \ ' &
» 4 4 5 i L] » 5 E! 5 2 % o 5 8 # L]
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P(O)Ph,

HPLC condition: Chiralcel- OD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH,

19/1, 14.7 min (major) and 17.2 min (enantiomer).

OO P
8o
racemic 80 [(R, R)-80 with 97% e¢|
# e A Height width Area% Symmetry # Time Area Height ‘Width Area% Symmetry
1 14.745 17058.2 4.1 06306 | 49633 | (0676 [ 1] 14878 | 314223 | 7465 | 07016 [ 98404 | 0639 |
7m0 17305 Z41E 07754 Fna | OeEm [ 2] 17e3m | 8037 | 108 | n7e3m | 158 | 0346 |
VAR B, S 208 R0 0, 1T ITATEGOI0E — e I —
= Al ¥
" i . i ¢
a M I
o AN |
. ' [
| W |
- | [ |
20- | {
- | ‘ ol |
[ |
- “ | | m [ :
- | “ m : 3'{
; —— — ,‘Z’:“’f,,}f;,,,, e — o s 4
5 75 ] 5 # i E 25 s 5 0 &% % s 2 5w
P(O)Ph, HPLC condition: Chiralcel-OD, 1.0 mL/min, 220 nm, hexane/i-PrOH, 49/1,
Br N
18.0 min (major) and 20.2 min (enantiomer).
‘Ph
8p
racemic 8p |(R, R)-8p with 96% ee|
# Time Area Height Width Area% Sy p # Time Area Height Width Area% Symmetry
1 17.969 272 E45 05532 | 50426 | 070 [ 1] 1772 [ 16071 [ 3149 | 08661 | 96148 | 083 |
20.202 22781 E7.6 06098 | 49574 | 0708 [2] 2033 [ =231 [ 86 | 0581 [ 1852 [ 0747 |
MDA B, Sig=2203 Re=300.900, TT (MTWTBG450000020) MAD1 B, Sig=220 8 Ref=300,100, TT (MTWTEST000031 D)
n U [
- j - ;
A |
i |
2- I = l
: [ ‘ “ » \
(| A
] | ( \‘ 150-
2 ‘\ | 1w | “
| I ‘
0 | B | ]
[ | | \ .
¢ NJ N I f oo he |
5 0 125 15 75 2 25 A o 7257 77777 5 - 77777757 777777 £ 777777’2; 77777 % 7777777:777” 77:‘37" 777&; 777777 l’;
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I?(O)th HPLC condition: Chiralcel-OD-H, 1.0 mL/min, 220 nm, hexane/i-PrOH,
MeO N ( 19/1, 27.5 min (major) and 34.1 min (enantiomer).
“Ph
MeO 8q

racemic 8q R, R)-8q with 96% ee
[(R, R)-8q with |

Time Area Height Width Areak Symmetry

4 # Time Area Height Width Area¥ Symmetry
[1 [ 2r4sq | 83514 [ 8641 | 14207 [ 60260 | 0363 | [ [ ore4 | 399033 | 3826 | 16564 | 97.963 | 0443 |
[ 2] 34078 | se6607 | 6157 [ 15161 [ 48740 | 036 | [2 [ aam3 | 7468 | 26 | 47474 | 203 | 0149 |

M#D1 B, Sip=2208 Ret=360,100, TT (MTWTESZ8000007 3 M0 B, Sige220 8 Re=350,100, TT (MTWTEE27000002.0)
= ,w S U
:
0 ‘57‘ . §’~,
0 I H - ijy
u | \
‘ “ { v\ m &
50 | | \
|1 | [
- \ | 20 |
= ‘\ L\
2 ‘ “‘\‘ ‘ 1‘\\ 0 “ ‘\\
\ \ | &
o L3 \‘ \\ . 2 #

0 —

710 71 73: % 7x * 7{1 m 5 7‘0777 1 77737777725777773777 k- - 7{7 m
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