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1. General information

All reactions dealing with air- or moisture-sensitive compounds were performed in the
argon-filled glove box or by standard Schlenk techniques in oven-dried reaction vessels
under argon atmosphere. Anhydrous DMF, CH3CN, THF, DCM and toluene were dried
by JC Meyer Solvent Drying System. Anhydrous (over molecular sieve) DCE, DME,
NMP and 1,4-dioxane were purchased from Energy Chemical and used as received.
Most reagents were purchased from commercial sources (Energy Chemical, Macklin,
Leyan, etc.) and used without further purification, unless otherwise stated. Reactions
were monitored by thin layer chromatography (TLC) carried out on 0.2 mm commercial
silica gel plates, using UV light as the visualizing agent or ethanol solution of
phosphomolybdic acid (PMA) and heat as a developing agent.

All NMR spectra were recorded on a Bruker spectrometer at 400 MHz or 600 MHz ("H
NMR), 100 MHz or 150 MHz (*C NMR), 376 MHz or 565 MHz (!°F NMR), 162 MHz
or 243 MHz (*'P NMR). 'H NMR and '*C NMR spectra were calibrated using residual
undeuterated solvent as an internal reference (CDCls @ 7.26 ppm 'H NMR, 77.2 ppm
13C NMR). For '°F NMR, chemical shifts (8) were reported in ppm (no decoupling).
The following abbreviations were used to explain multiplicities: s = singlet, d = doublet,
t = triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, m = multiplet,
brs = broad singlet. Coupling constants are reported as a J value in Hertz (Hz). The
number of protons () for a given resonance is indicated as #nH and is based on spectral

integration values. High resolution mass spectra (HRMS) were recorded on DIONEX

S2



UltiMate 3000 & Bruker Compact TOF mass spectrometer. Optical rotations were
measured with an Autopol V Plus/VI digital polarimeter. X-ray structure analyses were
performed using a Bruker D8 Venture X-ray single crystal diffractometer. Enantiomeric
excesses (e.e.) values were determined by chiral HPLC (Agilent 1260) using AD-H,
OD-H, IA, IC, ID, IB, IB N-5 and IG columns with hexane and ‘PrOH as solvents.
Melting point (M.P.) were measured with SGW® X-4 micro melting point apparatus.
UV-vis spectra were conducted on Shimadzu UV-2700 spectrometer. Fluorescence
intensity were measured on HORIBA-NanoLog®. CPL spectra were conducted on the
JASCO CPL-300. CD spectra were conducted on the JASCO J-1500.

Photoluminescence quantum yields were determined with FLS980 spectrometer.
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2. Preparation of substrates

2.1 Preparation of aryl iodides

o o
[ 1 Lo 1 [ 1
npr "Pr  np, npr "Pr np

Preparation of 1a, 1b, 1g-1i and 1k.

(COCl), (1.5 equiv)
F\@ECOZH DMF (cat.)
| DCM, 0 °C to r.t.

1) BH3 THF (1.5 equiv)

QLY ,

THF, rt.
\ > . .
? cl) (I) cl, AICI; (1.0 equiv) 2) Et3SiH (1.2 eguw)
nby  "Pr "Pr npy DCM., 0 °C to rit. TFA (2.0 equiv)
DCM, r.t.

S2 was synthesized by literature procedure.'
Taking the synthesis of 1a as an example: to a solution of S1 (1.33 g, 5.0 mmol, 1.0
equiv) and DMF (two drops) in CH2Cl2 (10 mL) was added oxalyl chloride (0.64 mL,

7.5 mmol, 1.5 equiv) dropwise at 0 °C. Then the reaction mixture was stirred at r.t. for
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1 h until the bubbling stopped. After that, the reaction mixture was concentrated in
vacuo to give the corresponding acetyl chloride, which was used in next step without
further purification.

To a solution of above prepared acetyl chloride in DCM (20 mL) was added S2 (2.96
g, 5.0 mmol, 1.0 equiv) and AICIl3 (667 mg, 5 mmol, 1.0 equiv) at 0 °C. Then the
reaction was warmed to r.t. and stirred overnight. The mixture was concentrated in
vacuo, and the residue was directly purified by column chromatography on silica gel to
give S3 as a white foam (882 mg, 21% yield).

To the above S3 (882 mg, 1.1 mmol, 1.0 equiv) was added BH3 (1 M in THF, 1.5 equiv,
1.7 mL) at r.t., then the reaction mixture was stirred at r.t. for 6 hours. The mixture was
poured into the ice water slowly. The aqueous layer was extracted with EtOAc. The
combined organic layers were dried over NaxSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography to afford the
corresponding alcohol as a white foam (796 mg, 90% yield).

To a solution of above alcohol (796 mg, 0.9 mmol, 1.0 equiv) in DCM (20 mL) was
added Et3SiH (211 pL, 1.32 mmol, 1.2 equiv) at room temperature, then TFA (169 pL,
2.2 mmol, 2 equiv) was added dropwise. The resulting solution was quenched with aq.
NaHCO3 and the mixture was extracted with DCM. The combined organic phases were
dried over anhydrous NaxSOa, concentrated in vacuo, and the residue was directly
purified by column chromatography on silica gel to give the desired products 1a as a
white foam (699 mg, 94% yield).

Physical state: white foam;

Yield: 94%;

Rys= 0.4 (PE:EtOAc =40:1);

Melting point: 116118 °C;

'"H NMR (400 MHz, CDCl3): 6 7.75 (dd, J = 8.6, 5.7 Hz, 1H), 6.71 — 6.53 (m, 11H),
6.40 (s, 2H), 4.46 (dd, J=13.2,9.7 Hz, 4H), 3.85 (td, /= 7.4, 3.0 Hz, 8H), 3.69 (s, 2H),
3.14 (dd, J=23.9, 13.3 Hz, 4H), 2.00 — 1.88 (m, 8H), 1.07 — 0.94 (m, 12H);

13C NMR (150 MHz, CDCl3): § 163.1 (d, J = 246.8 Hz), 156.7, 156.5, 155.5, 146.9 (d,
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J=7.0Hz), 140.1 (d,J=7.6 Hz), 135.3 (d,/=17.9 Hz), 135.1 (d, J=22.1 Hz), 131.6,
129.0, 128.2, 128.2, 122.0, 121.8, 117.2 (d, J = 22.7 Hz), 115.0 (d, J = 21.9 Hz), 93.9
(d,J=2.8 Hz), 76.8, 76.7, 76.7, 46.2, 31.0, 31.0, 23.3, 23.3, 10.4, 10.4, 10.4;

YF NMR (376 MHz, CDCl3): & -114.3;

HRMS (ESI-TOF) calculated for C47HssFIO4N", [M+NH4]" 844.3233, found 844.3230.

Physical state: white foam,;

Yield: 22% (860 mg, S2 to 1b, 5.0 mmol scale);

Ry=0.5 (PE:EtOAc =40:1);

Melting point: 71-73 °C;

'"H NMR (400 MHz, CDCls): 8 7.83 (d, J= 7.8 Hz, 1H), 7.20 (t, J= 7.4 Hz, 1H), 6.92—
6.81 (m, 2H), 6.71 (d, /= 7.0 Hz, 2H), 6.65 (dd, /= 8.5, 6.1 Hz, 1H), 6.61 — 6.49 (m,
6H), 6.46 (s, 2H), 4.51 — 4.39 (m, 4H), 3.85 (dt, J = 12.9, 7.2 Hz, 8H), 3.76 (s, 2H),
3.13(dd, J=27.7,13.3 Hz, 4H), 1.94 (ddt, /= 11.0, 7.5, 3.6 Hz, 8H), 1.00 (td, /= 7.5,
3.9 Hz, 12H);

I3C NMR (150 MHz, CDCl3): 8 156.9, 156.6, 155.4, 144.5,139.4, 135.5, 135.3, 135.1,
132.5, 130.3, 129.2, 128.4, 128.3, 128.2, 128.2, 127.8, 122.1, 121.9, 101.6, 76.9, 46.3,
31.2,31.1,23.4,23.4,10.6, 10.5, 10.5;

HRMS (ESI-TOF) calculated for C47Hs7104N", [M+NH4]" 826.3327, found 826.3326.

Physical state: white foam;

Yield: 22% (367 mg, S2 to 1g, 2.0 mmol scale);

Rys= 0.5 (PE:EtOAc =40:1);

Melting point: 69-72 °C;

'"H NMR (400 MHz, CDCl3): 8 7.16 — 7.07 (m, 2H), 6.77 (d, J = 7.0 Hz, 2H), 6.74 —
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6.65 (m, 2H), 6.64 — 6.54 (m, 6H), 6.52 (s, 2H), 4.57 — 4.42 (m, 4H), 3.98 — 3.79 (m,
10H), 3.17 (dd, J = 28.3, 13.3 Hz, 4H), 2.54 (s, 3H), 2.06 — 1.91 (m, 8H), 1.12 — 0.99
(m, 12H);

I3C NMR (100 MHz, CDCl3):  156.9, 156.4, 155.3, 145.0, 142.2, 135.5, 135.2, 134.9,
134.9,132.8,129.2,128.3, 128.2, 128.0, 127.6, 127.4, 127.4, 122.0, 121.8, 108.8, 76.8,
76.8,76.7,47.5,31.1, 31.0, 30.1, 23.3, 23.3, 23.3, 10.5, 10.4, 10.4;

HRMS (ESI-TOF) calculated for C4sHsoIO4N", [M+NH4]" 840.3483, found 840.3482.

Physical state: white foam;

Yield: 24% (399 mg, S2 to 1h, 2.0 mmol scale);

Ry=0.5 (PE:EtOAc =40:1);

Melting point: 6670 °C;

'"H NMR (400 MHz, CDCl3): 8 7.72 (d, J= 7.9 Hz, 1H), 6.81 (d, J = 7.4 Hz, 2H), 6.78
—6.71 (m, 3H), 6.56 (s, 2H), 6.49 (s, 6H), 4.47 (t, J = 12.5 Hz, 4H), 3.92 (q, J = 7.4,
6.9 Hz, 4H), 3.84 — 3.77 (m, 6H), 3.15 (dd, J = 24.9, 13.3 Hz, 4H), 2.25 (s, 3H), 2.02 —
1.88 (m, 8H), 1.08 — 0.97 (m, 12H);

I3C NMR (100 MHz, CDCl3): § 157.2, 156.3, 155.7, 144.4, 139.2, 138.1, 135.9, 135.8,
134.7,132.8, 131.3, 129.4, 128.8, 128.5, 128.1, 128.0, 122.1, 121.9, 97.4, 76.9, 76.8,
76.8,46.0,31.2,31.1,23.5,23.4,23.3,21.1, 10.7, 10.4, 10.4;

HRMS (ESI-TOF) calculated for CasHsoIO4N", [M+NHa4]" 840.3483, found 840.3483.

Physical state: white foam,;
Yield: 31% (240 mg, S2 to 1i, 2.0 mmol scale);
Ry= 0.4 (PE:EtOAc = 20:1);
Melting point: 115-118 °C;
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'"H NMR (400 MHz, CDC13): 8 7.74 (d, J = 8.4 Hz, 1H), 6.86 — 6.82 (m, 2H), 6.80 —
6.75 (m, 1H), 6.60 (s, 2H), 6.59 — 6.49 (m, 8H), 4.51 (t, J=12.0 Hz, 4H), 3.96 (q, J =
8.0 Hz,4H), 3.85 (t,J = 7.3 Hz, SH), 3.81 (s, 2H), 3.74 (s, 3H), 3.18 (dd, /=24.4, 13.4
Hz, 4H), 2.05 - 1.93 (m, 8H), 1.08 (t, /= 7.4 Hz, 6H), 1.03 (td, /= 7.5, 2.0 Hz, 6H);
BCNMR (100 MHz, CDCl3): 6 160.1, 157.2, 156.3, 155.7, 145.8, 139.7, 135.9, 135.80,
134.7, 134.7, 132.5, 129.4, 128.5, 128.1, 128.0, 122.0, 121.9, 116.2, 114.0, 89.9, 76.9,
76.7,55.3,46.4,31.1,31.1, 23.5, 23.4,23.3, 10.6, 10.4, 10.4;

HRMS (ESI-TOF) calculated for CasHsoIOsN", [M+NHa4]" 856.3432, found 856.3430.

Physical state: white foam,;

Yield: 25% (419 mg, S2 to 1k, 2.0 mmol scale);

Ry= 0.3 (PE:EtOAc =40:1);

Melting point: 70-72 °C;

'TH NMR (400 MHz, CDCl3): 6 7.75 (d, J = 8.2 Hz, 1H), 6.93 — 6.87 (m, 2H), 6.79 —
6.74 (m, 2H), 6.73 — 6.68 (m, 1H), 6.60 — 6.52 (m, 6H), 6.46 (s, 2H), 4.48 (dd, J=13.3,
8.4 Hz, 4H), 3.90 (t, 4H), 3.84 (t,J = 7.4 Hz, 4H), 3.74 (s, 2H), 3.16 (dd, J=22.9, 13.4
Hz, 4H), 2.02 — 1.89 (m, 8H), 1.06 — 0.98 (m, 12H);

13C NMR (100 MHz, CDCl3): § 157.0, 156.5, 155.8, 146.6, 140.3, 135.8, 135.6, 135.0,
134.8, 134.7, 131.7, 130.2, 129.2, 128.4, 128.2, 128.2, 128.0, 122.2, 121.9, 98.4, 76.9,
76.8,76.8,46.1,31.2,31.1, 23.5,23.4,23.4,10.6, 10.5, 10.4;

HRMS (ESI-TOF) calculated for Ca7HssCIIOsN', [M+NHa]" 860.2937, found
860.2938.

Preparation of 1¢, 1d and 1e.

RBr or RI (6.0 equiv)
NaH (6.0 equiv)

DMF, r.t.

1b 1cR="Bu
1d R =Bn
1e R = MOM
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To a solution of 1b (2.67 g, 3.3 mmol, 1.0 equiv) in DCM (33 mL) was added BBr3 (2.0
M in DCM, 10.7 mL, 21.5 mmol, 6.5 equiv) dropwise at 0 °C. After stirring at 0 °C for
1 h, the reaction mixture was allowed to warm to 25 °C and stirred for another 4 h at
this temperature. The reaction mixture was quenched with aq. NaHCO3. The organic
layer was washed with brine (50 mL), dried over MgSOs4, and concentrated under
reduced pressure. The residue was purified by column chromatography to afford S4 as
a white solid (1.9 g, 90% yield).

To a solution of S4 (256 mg, 0.4 mmol, 1.0 equiv) in DMF (4.0 mL) was added NaH
(60% dispersion in oil, 0.16 g, 4.0 mmol, 10.0 equiv) at 0 °C. The mixture was stirred
at room temperature for 1 h. Then, 1-iodobutane (0.46 mL, 4.0 mmol, 10.0 equiv) or
benzyl bromide (0.48 mL, 4.0 mmol, 10.0 equiv) or bromo(methoxy)methane (0.33 mL,
4.0 mmol, 10.0 equiv) was added to mixture and stirred at room temperature for 14 h.
The reaction mixture was poured into HCI (aq. 1.0 M, 20 mL) slowly and was diluted
with EtOAc. The organic layer was washed with brine, dried over MgSOs, and
concentrated under reduced pressure. The residue was purified by column

chromatography to afford corresponding products.

Physical state: white foam;

Yield: 93% (321 mg, 0.4 mmol scale);

Ry= 0.5 (PE:EtOAc =40:1);

Melting point: 114—-117 °C;

'TH NMR (600 MHz, CDCls): 8 7.83 (d, J= 7.9 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 6.88
(t,J=17.6 Hz, 1H), 6.83 (d, J=7.5 Hz, 1H), 6.71 (d, J= 7.4 Hz, 2H), 6.68 — 6.63 (m,
1H), 6.62 — 6.50 (m, 6H), 6.46 (s, 2H), 4.45 (dd, J=22.8, 13.2 Hz, 4H), 3.95 — 3.84 (m,
8H), 3.76 (s, 2H), 3.17 (d, J=13.3 Hz, 2H), 3.10 (d, /= 13.3 Hz, 2H), 1.95 — 1.88 (m,
8H), 1.51 — 1.41 (m, 8H), 1.01 (t, J= 7.4 Hz, 12H);

I3C NMR (150 MHz, CDCIs): 8 156.9, 156.6, 155.4, 144.5, 139.4, 135.5, 135.3, 135.1,
132.5, 130.3, 129.2, 128.3, 128.3, 128.2, 128.2, 127.8, 122.1, 121.9, 101.6, 75.0, 75.0,
75.0,46.3,32.5,32.5,32.5,31.1,31.1, 19.6, 19.5, 14.3, 14.3;

HRMS (ESI-TOF) calculated for CsiHesIO4N™, [M+NH4]" 882.3953, found 882.3954.
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Physical state: colorless oil;

Yield: 99% (396 mg, 0.4 mmol scale);

Ry= 0.4 (PE:EtOAc =40:1);

'TH NMR (600 MHz, CDCl3): 4 7.86 (d, J= 7.8 Hz, 1H), 7.36 — 7.20 (m, 21H), 6.92 (t,
J=17.4Hz, 1H), 6.86 (d, J= 7.5 Hz, 1H), 6.72 (s, 3H), 6.56 — 6.43 (m, 8H), 5.01 (d, J
=10.7 Hz, 4H), 4.96 — 4.89 (m, 4H), 4.25 (dd, J=22.1, 13.6 Hz, 4H), 3.80 (s, 2H), 3.00
(d, J=13.6 Hz, 2H), 2.92 (d, J = 13.6 Hz, 2H);

3C NMR (150 MHz, CDCl3): 8 155.7, 155.4, 154.2, 144.5, 139.5, 138.0, 135.9, 135.9,
135.1,132.9,130.3,129.9,129.9, 129.6, 129.4, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1,
128.1,128.0,127.9,127.9,127.8,122.5,122.2,101.5, 76.7, 76.4, 76.3, 46.4,31.6, 31.5;
HRMS (ESI-TOF) calculated for Cs3Hs7IOsN*, [M+NH4]" 1018.3327, found
1018.3322.

b o
MoM MOM MOWM jion

1e

Physical state: colorless oil;

Yield: 95% (310 mg, 0.4 mmol scale);

Ry= 0.4 (PE:EtOAc = 10:1);

TH NMR (600 MHz, CDCls): § 7.83 (d, J= 7.8 Hz, 1H), 7.20 (t, J = 7.4 Hz, 1H), 6.88
(t,J=7.6 Hz, 1H), 6.85 (d, /= 7.6 Hz, 1H), 6.76 — 6.70 (m, 3H), 6.64 — 6.57 (m, 6H),
6.49 (s, 2H), 5.12 (d, /= 10.4 Hz, 4H), 5.09 (s, 4H), 4.47 (dd, J = 27.1, 13.6 Hz, 4H),
3.78 (s, 2H), 3.65 — 3.60 (m, 12H), 3.25 (d, /= 13.6 Hz, 2H), 3.18 (d, J= 13.6 Hz, 2H);
I3C NMR (150 MHz, CDCl3): § 154.9, 154.5, 153.5, 144.2, 139.5, 135.2, 135.1, 134.8,
134.8,133.7,130.3, 129.5, 128.6, 128.6, 128.5, 128.3,127.9, 123.1, 123.0, 101.5, 100.5,
100.5, 58.1, 58.1, 58.1, 46.2, 31.8, 31.7;

HRMS (ESI-TOF) calculated for C43Hs0IOsN", [M+NH4]" 834.2489, found 834.248]1.
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Preparation of 1f.

Br Br CHOBr 1) 1,2-diiodobenzene (2.0 equiv)

"BulLi (0.5 equiv) 'PrMgCl (1.9 equiv)
A / | DMF (1.0 equiv) A / | THE, -40 °C
S N _— N | >
Q
n P

1 | THE, -78 °C 2) TFA (2.0 equiv)
o Et3SiH (1.2 equiv)
roPr DCM, r.t.

S5 was synthesized by literature procedure.

To a solution of S5 (2.99 g, 4.0 mmol, 1.0 equiv) in THF (40 mL) was added "BulLi (2.5
M, 0.8 mL, 2.0 mmol, 0.5 equiv) at -78 °C dropwise. After stirring at this temperature
for 20 min, DMF (0.31 mL, 4.0 mmol, 1.0 equiv) was added. The reaction was stirred
at -78 °C for 30 min and then quenched with aq. NH4Cl. The aqueous layer was
extracted with EtOAc. The combined organic layers dried over anhydrous Na2SOa,
concentrated in vacuo, and purified by flash column chromatograph to give the S6 as
white solid (1.66 g, 59% yield).

To a solution of 1,2-diiodobenzene (0.8 mL, 4.8 mmol, 2.0 equiv) in THF (20 mL) was
added 'PrMgCl (2.0 M, 2.2 mL, 4.5 mmol, 1.9 equiv) dropwise at -40 °C. After stirring
at this temperature for 3 h, S6 (1.66 g, 2.4 mmol, 1.0 equiv) in THF (10 mL) was added
dropwise. The reaction mixture was stirred at 25 °C for 1 h, and quenched with aq.
NH4Cl. The aqueous layer was extracted with EtOAc. The combined extracts were
dried over Na2SOs, and concentrated under reduced pressure. The residue was purified
by column chromatographyto afford the corresponding secondary alcohol as a white
foam (1.76 g, 82% yield).

To a solution of above alcohol (1.76 mg, 2.0 mmol, 1.0 equiv) in DCM (20 mL) was
added Et3SiH (384 pL, 2.4 mmol, 1.2 equiv) dropwise at room temperature, then TFA
(307 pL, 4.0 mmol, 2.0 equiv) was added dropwise. The resulting solution was
quenched with aq. NaHCO3 and the mixture was extracted with DCM. The combined
organic phases were dried over anhydrous Na>SOs, concentrated in vacuo, and the
residue was directly purified by column chromatography on silica gel to give the desired

products 1f as a white foam.

Physical state: white foam;
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Yield: 80% (1.69g, 2.0 mmol scale);

Ry= 0.6 (PE:EtOAc =20:1);

Melting point: 85-90 °C;

'"H NMR (400 MHz, CDCls): & 7.83 (d, J= 7.8 Hz, 1H), 7.22 (t,J = 7.5 Hz, 1H), 6.92
— 6.85 (m, 2H), 6.82 (s, 2H), 6.65 — 6.55 (m, 6H), 6.47 (s, 2H), 4.43 (d, J = 13.3 Hz,
4H), 3.91 —3.79 (m, 10H), 3.12 (dd, J = 13.3, 2.4 Hz, 4H), 1.99 — 1.88 (m, 8H), 1.03 —
0.96 (m, 12H);

I3C NMR (150 MHz, CDCl3): 8 156.5, 156.0, 155.3, 144.7, 139.5, 137.7, 135.3, 135.0,
134.3,133.0, 130.9, 130.4, 129.1, 128.7, 128.2, 128.1, 127.7, 122.4, 114.6, 101.5, 77.0,
76.9,76.9, 46.3, 31.1, 31.0, 23.4, 23.4, 23.3, 10.5, 10.5, 10.5;

HRMS (ESI-TOF) calculated for C47Hs6BrIOsN*, [M+NH4]" 904.2432, found
904.2428.

Preparation of 1j.

Bopin, (3.1 equiv)
KO'Bu (1.2 equiv)
_—
PrOH, 110 °C

CH,0 (10.0 equiv)
NaBH3CN (4.7 equiv)

AcOH, r.t.

The synthetic method for S7 is identical to that for 1a.

Adapted from a literature procedure.” A dried glass reaction tube equipped with a
magnetic stir bar was charged with S7 (853 mg, 1.0 mmol, 1.0 equiv), B2pinz (787 mg,
3.1 mmol, 3.1 equiv) and KO'Bu (135 mg, 1.2 mmol, 1.2 equiv), 'PrOH (4.0 mL,
without any purification) was added and the mixture was then stirred in the preheated
oil base at 110 °C for 6 h. After cooling to room temperature, the crude production was
diluted with ethyl acetate and then washed with saturated NaCl solution. The organic
layers dried over anhydrous Na2SOs4, concentrated in vacuo, and purified by flash
column chromatograph to give the S8 as white foam (736 mg, 89% yield).

S8 (212 mg, 0.25 mmol, 1.0 equiv) was dissolved in acetic acid (2.5 mL).
Paraformaldehyde (75 mg, 2.5 mmol, 10.0 equiv) was added to the solution, followed
by the slow addition of sodium cyanoborohydride (63 mg, 1.2 mmol, 4.7 equiv). The
reaction mixture was stirred at room temperature for 12 h. It was cooled and neutralized
by adding 1 M NaOH solution until it was strongly basic. The suspension was extracted
three times with chloroform, the combined organic layers were washed with brine and

dried over sodium sulfate. After evaporating the solvent in vacuo, the residue was
S12



purified by column chromatography on silica gel to give 1j.

Physical state: white foam;

Yield: 88% (262 mg, 0.25 mmol scale);

Ry=0.7 (PE:EtOAc =20:1);

Melting point: 77-80 °C;

'"H NMR (400 MHz, CDCl3): 4 7.62 (d, J= 8.5 Hz, 1H), 6.89 (d, /= 7.4 Hz, 2H), 6.81
—6.76 (m, 1H), 6.70 (s, 2H), 6.41 — 6.32 (m, 8H), 4.45 (t,J = 12.9 Hz, 4H), 3.99 - 3.90
(m, 4H), 3.82 (s, 2H), 3.76 (t,J=7.1 Hz, 4H), 3.13 (dd, J = 23.0, 13.4 Hz, 4H), 2.85 (s,
6H), 2.03 — 1.85 (m, 8H), 1.05 (t, /= 7.4 Hz, 6H), 0.95 (t, /= 7.5 Hz, 6H);

3C NMR (150 MHz, CDCl3): 8 157.5, 156.1, 155.9, 150.8, 144.9, 139.4, 136.3, 136.1,
134.4,134.3, 133.0, 129.7, 128.7, 128.0, 127.8, 122.0, 121.9, 115.0, 112.8, 85.0, 77.0,
76.7,76.7,46.5, 40.6,31.2, 31.1, 23.6, 23.3, 10.8, 10.3, 10.3;

HRMS (ESI-TOF) calculated for C49He2IO4N2", [M+NHa4]" 869.3749, found 869.3750.

Preparation of 11.

1) NBS (1.05 equiv)

AIBN (5 mol%) ! 1) KMnOy (2.5 equiv)
M
e CCly, reflux OH Acetone, reflux cl
_—
2) .CECO;g (4.0 equiv) 2) (COCI), (1.5 equiv)
CO,Me Dioxane/water (1:1) CO,Me DCM, 0 °C to rit. CO,Me
reflux
S9 $10 S11

1) AICI3 (1.0 equiv)

4 2 $9 (1.0 equiv)
\\ g O DCM, 0°C to rt.

TMSCI (6.0 equiv)

Nal (6.0 equiv)
\ |
6 0 ¢ o 2) NaBH, (4.0 equiv) MeCN, rt.
"pr  "Pr "Prmpy MeOH/THF = 1:1
0°Ctort.
s2 s12 1

A solution of S§9 (5.52 g, 20.0 mmol, 1.0 equiv), NBS (3.74 g, 21.0 mmol, 1.05 equiv)
and AIBN (164 mg, 1.0 mmol, 5 mol%) in dry CCls (60 mL) was stirred at 85 °C for 3
h. Then, the reaction mixture was cooled to r.t. and filtered. After removal of solvent,
EtOAc (40 mL) was added into the residue. Then the suspension was washed with 2 M

Na2S203, the aqueous layer was extracted with EtOAc. The combined organic layers
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were washed with brine, dried over Na>2SOs, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel to give the methyl 3-
(bromomethyl)-4-iodobenzoate (1.21 g, 17% yield) as a white solid.

CaCOs3 (1.36 g, 13.6 mmol, 4.0 equiv) was added into a solution of methyl 3-
(bromomethyl)-4-iodobenzoate (1.21 g, 3.4 mmol, 1.0 equiv) in a mixed solvent of
dioxane (20 mL) and H20 (20 mL). The reaction mixture was heated to 100 °C and
stirred for 5 h. After cooled to r.t., filtered, the aqueous layer was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na2SOs, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica
gel to give the product S10 (874 mg, 88% yield).

A solution of S10 (1.19g, 4.0 mmol, 1.0 equiv) and KMnOs (1.58 g, 10.0 mmol, 2.5
equiv) in acetone (20 mL) was stirred at 60 °C over night. Then, the reaction mixture
was cooled to r.t. and 2 M HCI solution (20 mL) was added. The aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over
NaxS0s, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel to give the 2-iodo-5-(methoxycarbonyl)benzoic acid (1.10
g, 88% yield).

To a solution of 2-iodo-5-(methoxycarbonyl)benzoic acid (1.1 g, 3.6 mmol, 1.0 equiv)
and DMF (two drops) in CH2Cl> (10 mL) was added oxalyl chloride (0.46 mL, 5.4
mmol, 1.5 equiv) dropwise at 0 °C. Then the reaction mixture was stirred at r.t. for 1 h
until the bubbling stopped. After that, the reaction mixture was concentrated in vacuo
to give S11, which was used in next step without further purification.

To a solution of above prepared S11 in DCM (15 mL) was added S2 (2.96 g, 3.6 mmol,
1.0 equiv) and AICI3 (480 mg, 3.6 mmol, 1.0 equiv) at 0 °C. Then the reaction was
warmed to r.t. and stirred over night. The mixture was concentrated in vacuo, and the
residue was directly purified by column chromatography on silica gel to give the ketone
as a white foam (0.73 g, 23% yield).

A round-bottom flask equipped with a stir bar was charged with the aforementioned
ketone (0.73 g, 0.83 mmol, 1.0 equiv) and MeOH/DCM (2 mL/2 mL). The mixture was
cooled to 0 °C in an ice bath, after which NaBHa4 (126 mg, 3.3 mmol, 4.0 equiv) was
added as a solid. The reaction mixture was stirred at 0 °C for 30 minutes. The ice bath
was then removed, and stirring was continued for an additional 3 h. The reaction was
quenched by the addition of saturated aqueous NH4Cl, and methanol was removed via

rotary evaporation. The mixture was extracted with EtOAc. The combined organic
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phases were washed with H20 (35 mL) and brine (35 mL), dried over Na2SOs, filtered,
and concentrated by rotary evaporation. The residue was purified by column
chromatography on silica gel to give S12 (0.72 g, 99% yield).

TMSCI (631 pL, 5.0 mmol, 6.0 equiv) was added to a stirred solution of Nal (750 mg,
5.0 mmol, 6.0 equiv) in anhydrous MeCN (4 mL) under argon, whereupon NaCl
precipitated. A solution of S12 (0.73 g, 0.83mmol) in anhydrous DCM (2 mL) was
added dropwise to the suspension, whereupon iodine colour developed immediately.
After 10 min the reaction mixture was diluted with water then extracted with ether. The

extract was washed with aqueous sodium thiosulfate solution and brine, dried and

evaporated. The residue was purified by column chromatography on silica gel to give
11.

Physical state: white foam,;

Yield: 68% (489 mg, 0.83 mmol scale);

Ry=0.5 (PE:EtOAc =20:1);

Melting point: 74—77 °C;

'"H NMR (600 MHz, CDCl3): 6 7.93 (d, J= 8.2 Hz, 1H), 7.65 (d, J = 1.7 Hz, 1H), 7.53
(dd, J=8.2, 1.9 Hz, 1H), 6.76 — 6.68 (m, 3H), 6.57 — 6.49 (m, 6H), 6.44 (s, 2H), 4.44
(dd, J=23.7,13.3 Hz, 4H), 3.90 — 3.85 (m, 7H), 3.84 —3.79 (m, 6H), 3.16 (d, /= 13.4
Hz, 2H), 3.09 (d, /= 13.4 Hz, 2H), 1.97 — 1.88 (m, 8H), 1.03 — 0.97 (m, 12H);

3C NMR (150 MHz, CDCl5): 6 166.9, 157.1, 156.5, 155.7, 145.1, 139.8, 135.7, 135.6,
134.9,132.0, 131.0, 130.4, 129.0, 128.5, 128.4, 128.3, 128.1, 122.1, 121.8, 107.7, 76.9,
76.8,76.7,52.4,46.0,31.2,31.1, 23.5, 23.4, 10.6, 10.5, 10.4;

HRMS (ESI-TOF) calculated for C40HsoIOsN", [M+NH4]" 884.3382, found 884.3389.

Preparation of 1m.
NH, " )
1,2-diiodobenzene (1.5 equiv)
A -~ Pd(OAc); (5 mol%) Q\N NaH (2.0 equiv) Q\N
\\ ‘, | O Xantphos (7.5 mol%) CHgl (2.0 equiv)

Me
H
< _ ; I _ N _
N — L eyl
? [ ? NaO'Bu(1.5 equiv) \ N DMF, 0 °C to r.t. \ N
npy Py "Pr np, Toluene, 100 °C }) O (I) 2) S (I)
1 | 1 |

o o
npr  "Pr "Pr npy npr P "Pr npp

S$13 S14 1im
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S13 was synthesized by literature procedure.’

The sealed Schlenk tube was charged with 1,2-diiodobenzene (990 mg, 3.0 mmol, 1.5
equiv), S13 (1.62 g, 2.0 mmol, 1.0 equiv), Pd(OAc)2 (22.5 mg, 0.1 mmol, 5 mol%),
Xantphos (87 mg, 0.15 mmol, 7.5 mol%), NaO'Bu (288 mg, 3.0 mmol, 1.5 equiv) and
toluene (30 mL). Under a nitrogen atmosphere, the mixture was stirred and heated at
100 °C for 24 h, after which it was cooled to room temperature. The mixture was filtered
by a crude column with ethyl acetate as the eluent, and concentrated under reduced
pressure. The crude material was purified by flash column chromatography to afford
S14 (889 mg, 55% yield).

In a round bottom flask, S14 (405 mg, 0.5 mmol, 1.0 equiv) was dissolved in 2 mL of
DMF. NaH (40 mg, 1 mmol, 2.0 equiv, 60% w/w in mineral oil) was added slowly, and
the mixture was stirred at 0 °C for 5 minutes. Methyl iodide (65 pL, 1.0 mmol, 2.0
equiv) was then added slowly. The mixture was then stirred at room temperature
overnight. After completion of the reaction, water was added slowly to quench it, and
the mixture was extracted with ethyl acetate. The organic phase was dried over
anhydrous sodium sulfate, followed by filtration. The solvent was removed by rotary
evaporation, and the crude product was purified by silica gel column chromatography

to afford compound 1m.

o

o o
| [ |
mpr  "Pr "Pronpy

1m
Physical state: yellow foam;

Yield: 93% (382 mg);

Rys= 0.4 (PE:EtOAc =40:1);

Melting point: 68—70 °C;

'TH NMR (400 MHz, CDCls): 6 7.88 (dd, J=7.9, 1.4 Hz, 1H), 7.21 (td, J= 7.9, 1.5 Hz,
1H), 6.88 (td, /= 7.7, 1.6 Hz, 1H), 6.78 — 6.72 (m, 3H), 6.66 — 6.60 (m, SH), 6.55 (t, J
= 7.4 Hz, 2H), 5.92 (s, 2H), 4.48 (d, J = 13.2 Hz, 2H), 4.39 (d, /= 13.1 Hz, 2H), 3.89
—3.83 (m, 6H), 3.77 (t,J= 8.0 Hz, 2H), 3.17 (d, /= 13.2 Hz, 2H), 3.02 (d, /= 13.2 Hz,
2H), 2.92 (s, 3H), 1.99 — 1.88 (m, 8H), 1.03 — 0.98 (m, 12H);

I3C NMR (150 MHz, CDCl3): § 156.8, 156.7, 151.8, 149.7, 143.5, 140.2, 135.5, 135.4,

135.2,135.1,129.6,129.2,128.4,128.3,128.1,127.1,122.1, 122.0, 115.0, 100.6, 77.01,
S16



76.8,40.1,31.3,31.2,23.4,23.4,23.4,10.6, 10.5, 10.5;
HRMS (ESI-TOF) calculated for C47HssIO4N*, [M+H]" 824.3170, found 824.3172.

Preparation of 1n, 10 and 1p.

Et3SiH (1.2 equiv)
TFA (2.0 equiv)

(2.5 equiv)

m-xylene, 130 °C

2-(2-iodophenyl)acetic ~ acid is  commercially  available,  2-(2-iodo-4-
methylphenyl)acetic acid and 2-(2-chloro-6-iodophenyl)acetic acid* were synthesized
by literature procedure, the synthetic method of S16 is the same as S12.

Taking the synthesis of 1n as an example: to a solution of S16 (335 mg, 0.4 mmol, 1.0
equiv) in DCM (5 mL) was added Et3SiH (77 pL, 0.48 mmol, 1.2 equiv) dropwise at
room temperature, then TFA (62 pL, 0.8 mmol, 2 equiv) was added dropwise. The
resulting solution was quenched with aq. NaHCOs3 and the mixture was extracted with
DCM. The combined organic phases were dried over anhydrous Na2SOs4 and
concentrated in vacuo to give a mixture of 1n and 1n-BP which were used for next step
without purification.

At room temperature, under an "open" atmosphere, a round bottom flask equipped with
a magnetic stirrer was charged with the mixture of 1n and 1n-BP, 4-
methylbenzenesulfonohydrazide (75 mg, 0.4 mmol, 2.5 equiv), o-xylene (0.5 mL). The
reaction flask was fitted with a condenser. The reaction mixture was refluxed for 6 h.
The mixture was cooled to room temperature, filtered through a pad of silica gel, eluted
with a mixture of Hexane/EtOAc (1:1 v/v) and concentrated in vacuo. The residue was

purified by column chromatography to afford 1n.
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Physical state: white foam,;

Yield: 82% (270 mg, two steps);

Ry= 0.5 (PE:EtOAc = 40:1);

Melting point: 61-64 °C;

TH NMR (600 MHz, CDCls): 8 7.82 (d, J= 7.9 Hz, 1H), 7.24 (t, J = 7.4 Hz, 1H), 7.13
(d,J=7.5Hz, 1H), 6.88 (t, /= 7.5 Hz, 1H), 6.69 — 6.53 (m, 9H), 6.50 (s, 2H), 4.46 (t,
J=14.1 Hz, 4H), 3.91 —3.81 (m, 8H), 3.15 (dd, /=20.4, 13.3 Hz, 4H), 2.77 — 2.70 (m,
2H), 2.58 - 2.50 (m, 2H), 1.98 — 1.90 (m, 8H), 1.01 (t,J= 7.2 Hz, 12H);

3C NMR (150 MHz, CDCl5): 4 156.8, 156.8, 155.1, 144.8, 139.6, 135.3, 135.3, 135.3,
135.0, 134.5, 129.7, 128.4, 128.4, 128.3, 128.3, 128.3, 127.8, 122.0, 100.8, 76.9, 76.9,
76.9,43.3,35.9,31.2,31.2,23.4,23.4,10.5, 10.5;

HRMS (ESI-TOF) calculated for C4sHsoIO4N", [M+NH4]" 840.3483, found 840.3482.

Physical state: white foam;

Yield: 74% (248 mg, two steps);

Rs= 0.5 (PE:EtOAc =40:1);

Melting point: 67-70 °C;

TH NMR (600 MHz, CDCl3): 8 7.68 (d, J=9.3 Hz, 1H), 6.99 (s, 1H), 6.71 (s, 1H), 6.66
—6.53 (m, 9H), 6.50 (s, 2H), 4.46 (t, /= 12.9 Hz, 4H), 3.90 — 3.81 (m, 8H), 3.16 (d, J
=14.6 Hz, 4H), 2.72 — 2.65 (m, 2H), 2.57 — 2.48 (m, 2H), 2.27 (s, 3H), 1.99 — 1.90 (m,
8H), 1.05 - 0.97 (m, 12H);

I3C NMR (150 MHz, CDCl3): 8 156.8, 156.7, 155.0, 144.6, 139.3, 138.3, 135.4, 135.3,
135.2, 134.9, 134.7, 130.6, 128.8, 128.4, 128.3, 128.3, 122.1, 96.7, 76.9, 76.9, 76.9,
43.2,36.1,31.2,31.2,23.4,23.4,21.1, 10.5, 10.5;
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HRMS (ESI-TOF) calculated for C40Hs1104N", [M+NH4]" 854.3640, found 854.3637.

Physical state: white foam;

Yield: 88% (301 mg, two steps);

Ry=0.5 (PE:EtOAc =40:1);

Melting point: 6971 °C;

'TH NMR (400 MHz, CDCl3): 8 7.73 (d, J= 7.9 Hz, 1H), 7.33 (d, /= 7.9 Hz, 1H), 6.80
(t,J=7.9 Hz, 1H), 6.72 — 6.68 (m, 3H), 6.65 — 6.57 (m, 4H), 6.57 — 6.44 (m, 4H), 4.46
(dd, J=13.2, 4.7 Hz, 4H), 3.86 (dt, J = 25.2, 7.4 Hz, 8H), 3.15 (d, J = 13.3 Hz, 4H),
2.93 —2.81 (m, 2H), 2.51 — 2.37 (m, 2H), 2.00 — 1.89 (m, 8H), 1.05 — 0.97 (m, 12H);
I3C NMR (150 MHz, CDCl3): 8 156.9, 156.6, 155.0, 142.3, 138.4, 135.6, 135.4, 135.0,
134.8,134.5,133.7,129.9,128.7, 128.5, 128.4, 128.3,128.2, 128.2, 122.2, 122.0, 101.5,
76.9,76.8,42.1,33.7,31.7,31.1, 23.5, 23.4, 10.6, 10.6, 10.5;

HRMS (ESI-TOF) calculated for CasHssCIIO4sN', [M+NH4]" 874.3094, found
874.3092.

Preparation of 1q.

NH, 2-iodobenzaldehyde (1. .0 equiv) | Methyl |
AcOH (1.0 equiv) carbonochloridate .C

A 41 O NaBH(OAc)s (2.0 equiv) NH 0.2 M) n-COMe
S N B —
> | DCM, rt. A 41 O

|
})O?o b o
b b

o—
o
-0
o
>
@
)
SD
7

| 1 b P
T mpr mpr  "Pr ET

3-0.

r

$13 s17 1

2-iodobenzaldehyde (207 mg, 0.89 mmol, 1.0 equiv.), AcOH (52 pL, 0.89 mmol, 1.0
equiv) were added sequentially to a solution of S13 (534 mg, 0.89 mmol, 1.0 equiv) in
DCM (5 mL) and the mixture was stirred at r.t. for 15 min. Then NaBH(OAc¢)3 (377 mg,
2.7 mmol, 2.0 equiv) was added and stirring at r.t. was continued for further 12 h. The
reaction mixture was quenched with 1 N NaOH solution and extracted with DCM. The
combined organic layer extracts were washed with brine, dried over Na2SOs4, and
concentrated under reduced pressure, and purified on silica gel chromatography to

afford the corresponding products S17 as white foam (667 mg, 91% yield).
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A mixture of S17 (667 mg, 0.81 mmol, 1.0 equiv) in methyl carbonochloridate (2.0 mL)
was heated under reflux overnight. The mixture was poured into water and extracted
with chloroform. The organic extracts were dried over Na2SO4 and concentrated under
reduced pressure after filtration. The crude material was purified by flash column

chromatography to afford the corresponding products 1q.

\
(] ) [o]
nr!,r npr "Pr "Il’r

19
Physical state: white foam,;

Yield: 99% (707 mg);

Ry= 0.2 (PE:EtOAc = 20:1);

Melting point: 175-177 °C;

'"H NMR (400 MHz, CDCls): 8 7.82 (d, J= 7.8 Hz, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.10
(d, J=6.9 Hz, 1H), 6.95 (t, J= 8.1 Hz, 1H), 6.71 — 6.25 (m, 11H), 4.59 (s, 2H), 4.41
(dd, J=17.2,13.3 Hz, 4H), 3.88 — 3.77 (m, 8H), 3.68 (s, 3H), 3.10 (dd, J=35.2, 13.3
Hz, 4H), 1.97 — 1.86 (m, 8H), 1.02 — 0.96 (m, 12H);

13C NMR (100 MHz, CDCls, 60 °C): § 156.9, 156.5, 156.5, 155.2, 140.4, 139.6, 135.8,
135.6,135.4,135.1, 134.6, 128.8, 128.7, 128.6, 128.4, 128.4, 128.3, 125.8, 122.3, 122.0,
98.3,77.0,76.9, 76.9, 59.4, 53.0, 31.2, 31.2, 23.4, 23.4, 23.4, 10.5, 10.5, 10.4;

HRMS (ESI-TOF) calculated for C49HsoIOsN2", [M+NH4]" 899.3491, found 899.3495.
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2.2 Preparation of aryl bromides

: Me OMe !
H Br o /©/ Br o /©/ H
' B '
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2a (CAS No.: 89555-39-5) and 20 (CAS No.: 4185-55-1) were commercially available.
2b, 2d, 2e, 2f, 2g, 2h and 2p were synthesized by literature procedure.’

Preparation of 2¢ and 2i.

Tf,0 (1.1 equi
Br 20 (1.1 equiv) Br

OH Py (1.2 equiv) oTf
s18 s19
To a solution of S18 (4.5 g, 20.0 mmol) in DCM under nitrogen at 0 °C was added
dropwise pyridine (1.9 mL, 1.2 equiv) and triflic anhydride (3.7 mL, 1.1 equiv) over 10
min. After an additional 30 min at 0 °C, the cooling bath was removed and the mixture
was stirred at room temperature overnight. The resulting mixture was then taken up in
DCM and 2 N HCI (60 mL), and the aqueous layer was extracted with DCM. The
combined organics were washed with saturated NaHCO3 and brine, then dried over
Na2SO4 and concentrated under reduced pressure. The residue was purified by flash

chromatography on silica gel to give S19 as a liquid (6.70 g, 95% yield).

s
s 1) Mg (3.01 equiv), THF, reflux H_'p'_@
O -

2) Diethyl phosphonate (1.0 equiv) 7 s
THF, 0°Ctor.t.
S20 s21

Diethylphosphite (1.29 mL, 10.0 mmol, 1.0 equiv) was added dropwise at 0 °C to a

solution of thiophen-2-ylmagnesium bromide in THF which was prepared from S20
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(2.9 mL, 30.0 mmol, 3.0 equiv) and magnesium (731 g, 30.1 mmol, 3.01 equiv). The
mixture was stirred for 30 minutes at 0 °C, then stirred at ambient temperature for 16 h.
After that it was cooled again to 0 °C, and NH4Cl aqueous was then added slowly. The
mixture was extracted with diethyl ether and the organic phase was washed with
NaHCO3 aqueous and brine, then it was dried over Na2SOs4. After the solvent had been
completely removed, the residue was purified by column chromatography on silica gel

to give the product S21 (4.36 g, 68% yield).

o s
1}
4
7 s
Br s21 Pd,dbay (2.5 mol%), DPPP (5 mol%) Br O
oTt P
or IIQ R
o 'Pr,NEt (1.5 equiv), toluene, 110 °C
1]
H—P—Me
s19 Me 2cor 2i

s22
A solution of S19 (3.89 g, 11 mmol, 1.1 equiv), S21 or S22 (10 mmol, 1.0 equiv),
Pro2NEt (2.5 mL, 15 mmol, 1.5 equiv), Pd2(dba)s; (230 mg, 0.25 mmol, 2.5 mol%), and
DPPP (206 mg, 0.5 mmol, 5 mol%) in toluene (50 mL) under nitrogen was stirred at
120 °C for 40 h. After being cooled to room temperature, the mixture was filtered and
concentrated and the residue was purified by flash column chromatography on silica

gel chromatography to give 2¢ or 2i.

Physical state: white solid;

Yield: 67% (1.89 g);

Ry=0.2 (DCM:MeOH =20:1);

Melting point: 128-130 °C;

'"H NMR (400 MHz, CDCl3): 6 8.39 (d, J = 7.8 Hz, 1H), 8.23 (dd, J = 10.6, 8.5 Hz,
1H), 7.96 (d, J= 8.5 Hz, 1H), 7.87 (dd, J = 7.0, 2.3 Hz, 1H), 7.69 — 7.59 (m, 2H), 2.04
(d, J=13.5 Hz, 6H);

I3C NMR (100 MHz, CDCls): 6 136.3 (d, J=2.2 Hz), 133.2 (d, J=96.0 Hz), 132.3 (d,
J=9.0 Hz), 129.4 (d, J = 6.8 Hz), 128.7, 128.6, 128.3, 128.2 (d, J = 9.9 Hz), 127.8,
125.7 (d,J= 6.0 Hz), 18.0 (d, /= 73.2 Hz);

3P NMR (162 MHz, CDCl3) & 36.9;

HRMS (ESI-TOF) calculated for C12H13BrOP*, [M+H]" 284.9862, found 284.9860.
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Physical state: white solid;

Yield: 39% (1.63 g);

Rs=0.4 (PE:EtOAc = 1:1);

Melting point: 146-150 °C;

'TH NMR (400 MHz, CDCls): 8 8.47 — 8.39 (m, 1H), 7.91 — 7.85 (m, 2H), 7.78 (t, J =
4.5 Hz, 2H), 7.75 = 7.69 (m, 1H), 7.68 — 7.60 (m, 4H), 7.24 — 7.17 (m, 2H);

13C NMR (100 MHz, CDCls): 6 137.2 (d, J=10.8 Hz), 136.1 (d, J=2.3 Hz), 134.3 (d,
J=15.7Hz), 133.8 (d, J = 124.0 Hz), 132.8 (d, J/ = 9.6 Hz), 131.7 (d, J = 117.9 Hz),
129.6 (d, J=4.8 Hz), 129.5 (d, /= 10.8 Hz), 129.2, 128.5, 128.5, 128.4, 128.2, 127.8
(d, J=12.2 Hz);

3P NMR (162 MHz, CDCl3): § 15.3;

HRMS (ESI-TOF) calculated for Ci1sHi3BrOPS2", [M+H]" 420.9303, found 420.9302.

Preparation of 2j.

The synthesis method of 2j is the same as 2b.
%

Physical state: white solid;

Yield: 33% (319 mg, 2 mmol scale);

Ry=0.5 (PE: EtOAc = 1:1);

Melting point: 237-240 °C;

'"H NMR (400 MHz, CDCl3): 8 8.59 (s, 1H), 7.79 — 7.67 (m, 7H), 7.61 — 7.55 (m, 2H),
7.52 — 7.40 (m, 5H);

13C NMR (100 MHz, CDCl3): 6 134.4 (d, J = 2.2 Hz), 134.1 (d, J = 9.1 Hz), 132.5,
132.4 (d, J=104.0 Hz), 132.3, 132.3, 132.2, 132.2, 132 (d, J = 108.1 Hz), 130.6 (d, J
=10.9 Hz), 130.3 (d, /=429 Hz), 128.9 (d, J=12.5 Hz), 127.6 (d,J=11.5 Hz), 123.1
(d,J=1.5 Hz);

3P NMR (162 MHz, CDCl3): § 31.4.

HRMS (ESI-TOF) calculated for C22H16Br2OP", [M+H]" 486.9281, found 486.9281.
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Preparation of 2k.

I )
Br o BuOH (1.1 equiv) Br o

DCC (1.1 equiv)
OH 0'Bu
DMAP (0.1 equiv)
DCM, r.t.

$23 2k

Adapted from literature procedure.® An oven-dried 100 mL round bottom flask was
fitted with a stir bar and S23 (2.51 g, 10 mmol, 1.0 equiv) was added. Then, anhydrous
DCM (33 mL) and ‘BuOH (1.05 mL, 11 mmol, 1.1 equiv) were added sequentially via
syringe. The rubber septum was momentarily removed to add DCC (2.27 g, 11 mmol,
1.1 equiv) and DMAP (0.12 g, 1 mmol, 0.1 equiv) sequentially. The reaction mixture
was stirred at r.t. for 12 h. The reaction was filtered through a pad of celite and
concentrated in vacuo. The crude residue was purified by flash silica gel

chromatography to afford 2k as light-yellow oil (1.85 g, 60% yield).

Preparation of 21 and 2m.

NHPh(Me) (1.5 equiv) Ph
——— N~
|
(COCI), (1.1 equiv) DCM, rt. OO Me
DMF (cat.)
QH —————— >
DCM, 0 °C to r.t.
Pyrrolidine (1.5 equiv) “)‘\Q
DCM, r.t.

To a solution of S23 (500.0 mg, 2.0 mmol, 1.0 equiv) and DMF (one drop) in DCM (2

mL) was added oxalyl chloride (279 mg, 2.2 mmol, 1.1 equiv) dropwise at 0 °C. Then
the reaction mixture was stirred at r.t. for another 1 h until the bubbling stopped,
concentrated in vacuo to give S24 as a yellow liquid, which was used in next step
without further purification.

To a solution of S24 in DCM (2 mL) was added NHPh(Me) (325 pL, 3.0 mmol, 1.5
equiv) or pyrrolidine (246 pL, 3.0 mmol, 1.5 equiv) dropwise at 0 °C, then warmed to
r.t. and stirred for 3 h. The mixture was concentrated in vacuo, the residue was directly
purified by column chromatography on silica gel to give the desired product 21 (570
mg, 84% yield) or 2m (546 mg, 90% yield).
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Preparation of 2n.

1) HCI, 0°C
Br 2) NaNO; (1.0 equiv) Br 4-methylbenzenethiol Br
o N
NH, H,0,0°C | (1.0 equiv) . s
OO 3) Kl (2.0 equiv), H,0 OO Pd,dbas (1 mol%) OO \©\Me

0°Ctort. DPEPhos (2 mol%)

BUOK (1.1 equiv)

S25 S26 s27

Toluene, 110 °C
Br

m-CPBA (2.4 equiv) .
2n

To a solution of S25 (884 mg, 4.0 mmol, 1.0 equiv) in 2 mL concentrated hydrochloric
acid and 6 mL of H20 cooled below 2 °C was added slowly a solution of NaNOz2 (276
mg, 4.0 mmol, 1.0 equiv) in 4 mL of H20. The mixture was stirred for 50 minutes at 0-
5 °C, then an ice-cold solution of KI (1.33 g, 8.0 mmol, 2.0 equiv) in 5 mL of H20 was
added dropwise. The reaction mixture was warmed to 25 °C and stirred for 10 h. The
aqueous layer was extracted with DCM, and the combined organic layers were washed
with brine and dried over MgSOa4. The solvents were evaporated and the residue was
subjected to column chromatography on silica gel to afford S26 as a white solid (1.0 g,
75% yield).

Under an argon atmosphere, a mixture of S26 (1.0 g, 3.0 mmol, 1.0 equiv), 4-
methylbenzenethiol (372 mg, 3.0 mmol, 1.0 equiv), Pd2dbas (27.5 mg, 0.03 mmol, 1
mol%), DPEPhos (32.3 mg, 0.06 mmol, 2 mol%), and ‘BuOK (370.3 mg, 3.3 mmol,
1.1 equiv) in toluene (15 mL) was stirred at 110 °C for 2 h. After cooling, the crude
mixture was filtered over a plug of celite, and the filtrate was washed with water. The
organic layer was separated, dried over Mg2SOa. The solvents were evaporated and the
residue was subjected to column chromatography on silica gel to afford S27 as a white
solid (840 mg, 85% yield).

m-CPBA (1.08 g, 6.2 mmol, 2.4 equiv) was added to a solution of S27 (840 mg, 2.6
mmol, 1.0 equiv) in DCM (10 mL) and the reaction stirred at room temperature for 1.5
h. The reaction was quenched by dropwise addition of saturated Na>S>03 solution.
Organics were extracted with dichloromethane, washed with 3 M sodium hydroxide
solution and brine (20 mL), dried over MgSO4 and solvents removed under reduced

pressure. The crude product was purified by column chromatography to yield 2n.
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Physical state: white solid;

Yield: 92% (848 mg);

Ry= 0.5 (PE: EtOAc =5:1);

Melting point: 161-163 °C;

'TH NMR (400 MHz, CDCls):  8.43 (dd, J=9.0, 4.5 Hz, 2H), 8.00 (d, /= 8.8 Hz, 1H),
7.92 —7.84 (m, 3H), 7.69 — 7.61 (m, 2H), 7.29 (d, J = 8.3 Hz, 2H), 2.40 (s, 3H);

I3C NMR (100 MHz, CDCl3): 8 144.5, 138.5, 137.6, 136.2, 132.9, 129.6, 129.6, 128.8,
128.6, 128.6, 128.5, 125.8, 124.4, 21.8;

HRMS (ESI-TOF): calculated for C17H14BrO2S*, [M+H]" 360.9892, found 360.9894.
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3. Optimization of reaction conditions

Figure S1. Discovered by-products. (All by-products were determined by HRMS and

crude '"H NMR.)

Table S1. Screening of palladium catalyst

[Pd] (10 mol%)
TFP (10 mol%)
PivOH (30 mol%)

NBE™ (30 mol%)
Cs,CO03 (2.0 equiv)

)

(R)

CO,Et

)) o 9 o Toluene (0.05 M), 80 °C, 24 h }) o NBE™
by "Pr "Pr npp mby  "r "Pr npy (99% e.e.)
1a 2a 3a
(1.0 equiv) (1.4 equiv)
Entry* [Pd] Yield (%)” e.e. (%) dr?
Pd(acac), 60 99 5:1
2 Pd(OP1v), 75 99 6:1
3¢ Pd(OPiv), 13 99 6:1
4 Pd(TFA), 63 99 6:1
5 PdI, 49 99 6:1
6 Pd(MeCN),Cl, 47 99 6:1
7 PdCl, 21 99 6:1

“All reactions were performed on a 0.05 mmol scale. *"’F NMR yield with 4,4'-difluoro-1,1'-
biphenyl as an internal standard. ‘e.e. was determined by chiral HPLC analysis. “d.». was determined
by crude '°F NMR analysis, EtOAc as solvent. °5 mol% Pd(OPiv), and 5 mol% TFP were used.
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Table S2. Screening of ligand

Pd(OPiv), (10 mol%)
L (10 mol%)
PivOH (30 mol%)

&

NBE"™ (30 mol%) ®)

Cs,C03 (2.0 equiv) CO,Et
Toluene (0.05 M), 80 °C, 24 h NBE™
(99% e.e.)

(1.0 equiv) (1.4 equiv)
Entry? L Yield (%)? e.e. (%)° dr‘

1 TFP 76 99 6:1

2 TFP¢ 40 99 6:1

3 PPh, 65 99 6:1

4 JohnPhos 16 98 6:1

5 XPhos 7 99 5:1

6 MePhos 67 99 5:1

“All reactions were performed on a 0.05 mmol scale. *"’°F NMR yield with 4,4'-difluoro-1,1'-
biphenyl as an internal standard. ‘e.e. was determined by chiral HPLC analysis. “d.7. was determined
by crude '°F NMR analysis, EtOAc as solvent. 20 mol% TFP was used.

Table S3. Screening of NBE*

Pd(OPiv), (10 mol%)
TFP (10 mol%)
PivOH (30 mol%)

NBE* (30 mol%)
Cs,CO3 (2.0 equiv)
Toluene (0.05 M), 80 °C, 24 h

(1.0 equiv) (1.4 equiv)
Entry? NBE* Yield (%)” e.e. (%) dr“
1 NBE!'* 76 99 6:1
2 NBE?* 61 99 6:1
3 NBE?3* 5 - -
4 NBE** 7 - -
o CO,Et o €Oo,Me %rn'nﬂne (R)O;—ND
NBE'™ (99% e.e.) NBE2* (99% e.e.) NBE* (97% e.e.) NBE** (97% e.e.)

?All reactions were performed on a 0.05 mmol scale. °'°F NMR vyield with 4,4'-difluoro-1,1'-
biphenyl as an internal standard. “e.e. was determined by chiral HPLC analysis. %d.» was determined
by crude ’F NMR analysis, EtOAc as solvent.
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Table S4. Screening of reaction concentration

Pd(OPiv), (10 mol%)
TFP (10 mol%)
PivOH (30 mol%)

&

(R)

NBE"™ (30 mol%)

Cs,CO0; (2.0 equiv) COFt
Toluene (x M), 80 °C, 24 h NBE'™*
(99% e.e.)
(1.0 equiv) (1.4 equiv)
Entry? Toluene (x M)  Yield (%)” e.e. (%) dr‘
1 0.2 43 98 6:1
2 0.1 73 99 6:1
3 0.05 78 99 6:1
4c¢ 0.05 6 - -
5 0.025 62 99 6:1

?All reactions were performed on a 0.05 mmol scale. °'°’F NMR vyield with 4,4'-difluoro-1,1'-
biphenyl as an internal standard. ‘e.e. was determined by chiral HPLC analysis. “d.7. was determined
by crude ’F NMR analysis, EtOAc as solvent. “MeCN as solvent.

Table S5. Screening of electrophilic reagent 2

Pd(OPiv), (10 mol%)
TFP (10 mol%)

B
i PivOH (30 mol%)
+ R >
O NBE'™ (30 mol%)
)

&

(R)

CO,Et
1 Cs,CO03 (2.0 equiv)
6 Q0 9 ¢ Toluene (0.05 M), 80 °C, 24 h > ¢ NBE™
npr  "Pr "Pr npp npe  mPr Pr o ob. L (99% e.e.)
1a 2 3 :
(1.0 equiv) (1.4 equiv)
Entry* 2 Yield (%)” e.e. (%) dr?
1 2a 76 99 6:1
2¢ 2b 79 99 >19:1
2k 84 99 11:1
4 20 4 ; ;
[o] ﬁ (o]
27 3K ome R e Y

“All reactions were performed on a 0.05 mmol scale. "’°F NMR yield with 4,4'-difluoro-1,1'-
biphenyl as an internal standard. ‘e.e. was determined by chiral HPLC analysis. “d.7. was determined
by crude '°F NMR analysis, EtOAc as solvent. “2b (1.6 equiv) was used.
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4. General procedure for the asymmetric synthesis of 3

| g
NP Pd(OPiv), (10 mol%)
( B TFP (10 mol%)

&

e we R NBE™ (30 mol%) 2
4 - * R"—/ 0
\ @ | 0 X PIVOH (30 mol%) ‘ i
Y | Cs,CO03 (2.0 equiv) 1 [ : 2
EI; ° 9 o Toluene (0.05 M), 80 °C, 24 h ° E (F,: ° 5 NBE"™
R R F R R R (99% e.e.)
1 2 3

(n=0o0r1)
(X = CHy, NCH3 or NCO,CH3)

To a 10 mL of oven-dried vial equipped with a magnetic stir bar was charged with 1
(0.1 mmol, 1.0 equiv), Pd(OPiv)2 (0.01 mmol, 10 mol%), TFP (0.01 mmol, 10 mol%),
NBE!" (0.03 mmol, 30 mol%), Cs2CO3 (0.2 mmol, 2.0 equiv), 2 (0.16 mmol, 1.6 equiv)
and dry toluene (2 mL) under Ar. Then the reaction was stirred at 80 °C for 24 h. After
cooling to r.t., the mixture was filtered through a thin pad of celite eluting with ethyl
acetate (10 mL), and the combined filtrate was concentrated in vacuo. The residue was

purified by column chromatography on silica gel to give the desired product 3.

Physical state: white foam;

Yield: 81% (71.7 mg), d.r. = 6:1 (determined by '°F NMR), the diastereoisomers were
separable;

Ry= 0.4 (PE:EtOAc = 20:1);

Melting point: 104-108 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 2% ‘PrOH in "hexane, 1 mL/min, A =
320 nm), tr (major) = 5.09 min;

[a]s: 183.2 (¢ 0.2, CHCl3);

TH NMR (600 MHz, CDCl3): 8 7.94 (dd, J = 12.1, 8.4 Hz, 2H), 7.83 (d, J = 8.5 Hz,
1H), 7.53 (t, J=17.5 Hz, 1H), 7.36 (dd, J= 7.9, 2.3 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.24
(t,J=7.3 Hz, 1H), 7.10 (d, /= 7.3 Hz, 1H), 7.05 (d, /= 6.3 Hz, 1H), 6.91 — 6.85 (m,
2H), 6.20 (t,J = 7.5 Hz, 1H), 6.16 (d, J = 6.5 Hz, 1H), 6.02 (d, J= 6.7 Hz, 1H), 5.94 (t,
J=17.6 Hz, 1H), 5.73 (d, J="7.4 Hz, 1H), 5.51 (d, /J="7.4 Hz, 1H), 4.36 (t,J = 12.8 Hz,
2H), 4.25 (d, J = 13.5 Hz, 1H), 4.21 (d, J = 22.2 Hz, 1H), 4.06 (d, J = 22.2 Hz, 1H),
3.92 -3.81 (m, 2H), 3.63 —3.57 (m, 3H), 3.53 (s, 3H), 3.29 — 3.23 (m, 1H), 3.17 - 3.07
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(m, 3H), 2.99 (d, /= 13.6 Hz, 1H), 2.96 — 2.90 (m, 1H), 2.74 (d, J= 14.3 Hz, 1H), 2.35
(d, J=14.2 Hz, 1H), 1.87 — 1.76 (m, 4H), 1.63 — 1.57 (m, 2H), 1.42 — 1.33 (m, 2H),
1.06 (dt, J=11.3, 7.4 Hz, 6H), 0.79 (t, J = 7.5 Hz, 3H), 0.63 (t, /= 7.5 Hz, 3H);

I3C NMR (150 MHz, CDCl3): 8 169.3, 162.1, 160.5, 158.4 (d, J = 1.8 Hz), 154.9 (d, J
= 59.0 Hz), 147.8 (d, J = 8.6 Hz), 143.0, 140.3, 138.7 (d, J = 2.5 Hz), 137.6, 137.4,
137.1 (d, J= 1.5 Hz), 135.5, 135.1 (d, J = 8.2 Hz), 134.7, 134.5, 133.5, 133.3, 132.9,
132.8,131.0,129.1, 128.7,128.7, 128.2, 127.8, 127.5, 127.0, 126.9, 126.6, 126.4, 126.1,
124.7, 122.3, 122.1, 121.7, 116.6 (d, J = 22.5 Hz), 111.6 (d, J = 21.6 Hz), 76.9, 76.4,
76.3,76.1,52.2,37.7,31.2,30.9, 30.8, 28.2, 23.7, 23.6, 23.0, 22.2, 11.0, 10.9, 9.9, 9.8;
19F NMR (565 MHz, CDCl3): & -118.1;

HRMS (ESI-TOF) calculated for CsoHsoFOsNa®, [M+Na]" 905.4188, found 905.4185.

Physical state: white foam,;

Yield: 75% (76.4 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc = 2:1);

Melting point: 165-170 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 12.29 min;

[a]5: 153.8 (¢ 0.2, CHCl3);

'"H NMR (400 MHz, CDCls): 8 7.92 (d, J = 8.2 Hz, 1H), 7.82 (dd, J = 8.6, 1.8 Hz, 1H),
7.64 (dd, J=11.7, 7.3 Hz, 2H), 7.54 (t, J= 7.1 Hz, 1H), 7.46 (t, J= 7.4 Hz, 1H), 7.39
(dd, J=11.8, 8.6 Hz, 1H), 7.33 — 7.26 (m, 4H), 7.25 — 7.18 (m, 4H), 7.15 — 7.07 (m,
3H), 6.97 (td, J = 8.0, 2.8 Hz, 2H), 6.91 (t, J = 7.4 Hz, 1H), 6.69 (dd, J=9.8, 2.4 Hz,
1H), 6.23 (dt, J = 14.0, 6.7 Hz, 2H), 6.01 (t, /= 7.6 Hz, 2H), 5.78 (d, /= 7.3 Hz, 1H),
5.67(d,J=7.3Hz, 1H), 4.42 -4.26 (m, 3H), 4.09 — 3.82 (m, 4H), 3.64 —3.51 (m, 3H),
3.17—-3.04 (m, 5H), 2.92 — 2.85 (m, 1H), 2.81 (d, J= 14.5 Hz, 1H), 2.44 (d, /= 14.4
Hz, 1H), 1.87 — 1.76 (m, 4H), 1.62 — 1.52 (m, 2H), 1.41 — 1.30 (m, 2H), 1.06 (t, J= 7.4
Hz, 3H), 0.97 (t, J= 7.4 Hz, 3H), 0.78 (t, J = 7.5 Hz, 3H), 0.61 (t,J= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): 8 161.3, 159.7, 158.4, 154.9, 154.6, 148.0, 147.9, 147.3,

147.3, 140.5,139.0, 137.6, 137.5,135.2,134.5,134.3,134.2, 134.0, 133.8, 133.7, 133.6,
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133.5,133.2,133.1, 132.8,132.5, 131.8, 131.8, 131.7, 131.6, 131.5, 131.5, 130.7, 130.7,
129.7,129.6,129.4, 128.9,128.7, 128.4, 128.3, 128.1, 128.0, 127.8, 127.8, 127.6, 127.3,
127.3,127.0,126.9, 126.6, 124.3, 122.5, 122.3,121.5, 118.4, 118.2, 111.7, 111.6, 76.7,
76.3,76.1,75.7,37.4,31.1, 30.9, 30.6, 28.4,27.2,23.5,23.5,22.9,22.1,10.9, 10.8, 9.7,
9.7 (Due to C-P and C-F coupling and the complexity of the spectrum, doublets in the
aromatic region cannot be assigned and they are listed as singlets);

YF NMR (376 MHz, CDCl3): & -118.4;

3P NMR (162 MHz, CDCl3): § 27.6;

HRMS (ESI-TOF) calculated for CeoHs7FOsP*, [M+H]" 1025.4705, found 1025.4707.

Physical state: white foam,;

Yield: 81% (81.2 mg), > 19:1 d.r. (determined by 3'P NMR);

Ry= 0.4 (PE:EtOAc = 2:1);

Melting point: 163-168 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 10.27 min;

[a]5: 131.6 (c 0.2, CHCI3);

'"H NMR (400 MHz, CDCls) 4 7.93 (d, J= 8.1 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.63
(dd, J=11.4, 7.6 Hz, 2H), 7.57 — 7.39 (m, 4H), 7.34 — 7.27 (m, 3H), 7.26 — 7.15 (m,
5H), 7.12 (t,J = 6.3 Hz, 3H), 7.03 (t, /= 7.5 Hz, 1H), 6.98 — 6.89 (m, 3H), 6.33 — 6.23
(m, 2H), 6.10 — 5.98 (m, 2H), 5.79 (d, /= 7.4 Hz, 1H), 5.66 (d, /= 7.4 Hz, 1H), 4.44 —
4.28 (m, 3H), 4.11 — 3.93 (m, 2H), 3.92 — 3.83 (m, 2H), 3.69 — 3.52 (m, 3H), 3.21 —
3.05 (m, 5H), 2.97 - 2.91 (m, 1H), 2.88 (d, /= 14.5 Hz, 1H), 2.47 (d, J = 14.5 Hz, 1H),
1.90 — 1.78 (m, 4H), 1.64 — 1.55 (m, 2H), 1.46 — 1.34 (m, 2H), 1.08 (t, /= 7.4 Hz, 3H),
1.01 (t,J=7.4 Hz, 3H), 0.81 (t,J=7.5 Hz, 3H), 0.65 (t, /= 7.4 Hz, 3H);

13C NMR (100 MHz, CDCl3)  158.5, 158.4, 155.0, 154.7, 149.5, 149.4, 144.8, 142.8,
141.3,137.7,137.6, 137.6, 135.6, 135.2, 134.7, 134.4, 134.4, 134.3, 134.2, 133.7, 133.6,
133.2,133.0,132.6, 132.6,132.5, 132.2,132.0, 131.9, 131.8, 131.7, 131.3, 131.3, 130.5,
130.5,130.0, 129.9, 129.3,129.0, 128.8, 128.4, 128.3,128.2, 128.1, 128.0, 128.0, 127.8,

127.7,127.4,127.1,127.1,127.0,127.0, 126.8, 126.6, 125.5, 124.9, 124.4, 122.5, 122.4,
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121.6, 76.8, 76.4, 76.2, 75.8, 37.4, 31.2, 31.0, 30.8, 28.7, 23.6, 23.6, 23.0, 22.3, 11.0,
10.9, 9.8, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets in the

aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): 8 27.7,

HRMS (ESI-TOF) calculated for CeoHs7OsPNa®, [M+Na]™ 1029.4618, found
1029.4614.

Physical state: white foam,;

Yield: 72% (76.1 mg), > 19:1 d.r. (determined by 3'P NMR);

Ry= 0.4 (PE:EtOAc = 2:1);

Melting point: 151-155 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 10% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 20.65 min,;

[a]s: 130.9 (c 0.2, CHCl3);

TH NMR (600 MHz, CDCls): 87.89 (d, J = 8.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.59
(dd, J=11.2,7.9 Hz, 2H), 7.50 (t,J= 7.4 Hz, 1H), 7.44 — 7.38 (m, 3H), 7.31 — 7.26 (m,
2H), 7.24 —7.14 (m, 6H), 7.12 — 7.08 (m, 2H), 7.04 (d, /= 7.4 Hz, 1H), 6.98 (t, J=17.5
Hz, 1H), 6.90 (q, J = 7.2, 6.0 Hz, 3H), 6.27 — 6.20 (m, 2H), 6.02 (d, J = 7.1 Hz, 1H),
599 (t,J=7.6 Hz, 1H), 5.76 (d, /= 7.4 Hz, 1H), 5.65 (d, /= 7.6 Hz, 1H), 4.38 — 4.26
(m, 3H), 4.02 (d, J=21.9 Hz, 1H), 3.95 — 3.88 (m, 3H), 3.63 (t, J= 6.3 Hz, 3H), 3.19
(q,/=6.5Hz, 1H), 3.14-3.07 (m, 4H), 2.90 — 2.81 (m, 2H), 2.46 (d, /= 14.4 Hz, 1H),
1.81 — 1.74 (m, 4H), 1.60 — 1.50 (m, 4H), 1.47 — 1.36 (m, 4H), 1.20 — 1.13 (m, 2H),
1.06 — 0.99 (m, 5H), 0.96 (t, J= 7.4 Hz, 3H), 0.90 (t, /= 7.4 Hz, 3H), 0.86 (t, J= 7.4
Hz, 3H);

I3C NMR (150 MHz, CDCl3): 4 158.5, 158.4, 155.1, 154.8, 149.6, 149.5, 144.9, 142.8,
141.3,137.8,137.6, 135.6,135.0, 134.6, 134.4, 134.3,134.3, 133.9, 133.6, 133.2, 133.0,
132.6,132.6,132.5,132.2,132.1,131.9,131.9,131.9, 131.9, 131.6, 131.3, 130.6, 130.6,
130.0,129.9,129.1, 129.0, 128.7, 128.5, 128.4, 128.3, 128.2, 128.0, 128.0, 127.8, 127.7,
127.4,127.1,127.1,127.0, 126.8, 126.7, 125.4, 124.9, 124.5, 122.5, 122.4, 121.6, 74.7,

74.7, 74.6, 73.9, 37.4, 32.8, 32.7, 32.1, 31.4, 31.2, 31.0, 30.8, 28.6, 19.8, 19.8, 19.1,
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19.0, 14.4, 14.3, 14.1 (Due to C-P coupling and the complexity of the spectrum,

doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): 8 27.9;

HRMS (ESI-TOF) calculated for C73H750sPNa’, [M+Na]" 1085.5244, found
1085.5245.

Physical state: colorless and viscous liquid;

Yield: 52% (63.0 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 141-144 °C;

HPLC: > 99% e.e. (Daicel chiralpak IC column, 10% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 33.31 min;

[a]s: -46.7 (c 0.2, CHCl3);

TH NMR (600 MHz, CDCl3):  7.66 — 7.57 (m, 3H), 7.50 — 7.39 (m, 6H), 7.32 (s, 8H),
7.28 = 7.17 (m, 8H), 7.14 (s, 1H), 7.10 (s, 1H), 7.04 — 6.84 (m, 14H), 6.80 — 6.74 (m,
2H), 6.28 —6.22 (m, 1H), 6.15 - 6.07 (m, 2H), 5.98 (d, J=6.1 Hz, 1H), 5.84 (d,J=6.3
Hz, 1H), 5.76 (d, /= 6.2 Hz, 1H), 5.07 (d, /= 12.1 Hz, 1H), 4.98 — 4.92 (m, 2H), 4.59
(d, J=11.2 Hz, 1H), 4.52 (d, J=11.3 Hz, 1H), 4.27 (d, /= 13.5 Hz, 1H), 4.11 — 4.04
(m, 2H), 3.98 —3.91 (m, 4H), 3.65 (d, J=13.5 Hz, 1H), 3.32 (d, /= 14.5 Hz, 1H), 2.91
(dd, J=28.2, 13.6 Hz, 2H), 2.68 (d, /= 9.5 Hz, 2H);

3C NMR (150 MHz, CDCls): § 156.6, 156.3, 154.7, 154.2, 149.5, 149.5, 144.9, 142.9,
142.0, 138.6, 138.1, 138.1, 138.0, 137.9, 137.7, 137.7, 136.5, 134.9, 134.8, 134.3, 134.2,
134.1,133.2,133.1, 132.9,132.9, 132.9,132.7,132.3,132.2, 132.1, 132.0, 132.0, 131.9,
131.5,131.1,130.8, 130.5, 130.3, 129.6, 129.5, 129.0, 129.0, 128.9, 128.8, 128.5, 128.4,
128.4,128.4,128.2,128.0,128.0, 127.7,127.6, 127.5,127.5,127.4,127.4,127.3, 127.2,
127.1,127.0,125.4,124.8, 124.4, 123.4,122.8, 121.9,77.1,76.2,75.7,75.4,37.5,31.6,
31.1, 30.9, 28.5 (Due to C-P coupling and the complexity of the spectrum, doublets in
the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 27.9;

HRMS (ESI-TOF) calculated for CssHe7OsPNa', [M+Na]®™ 1221.4618, found
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1221.4614.

Physical state: white foam;

Yield: 64% (64.5 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.3 (PE:EtOAc = 1:1);

Melting point: 144147 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 17.50 min;

[a] : 148.3 (c 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): 4 7.93 (d, /= 8.1 Hz, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.67
—7.60 (m, 2H), 7.54 (t, J=7.4 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.41 — 7.29 (m, 5H), 7.21
(q,/=8.4 Hz, 2H), 7.18 — 7.08 (m, 4H), 7.02 — 6.92 (m, 4H), 6.89 (d, J= 7.4 Hz, 1H),
6.32 (t,J=7.5Hz, 1H), 6.22 (d, J= 7.4 Hz, 1H), 6.15 (t, J= 7.5 Hz, 1H), 6.08 (d, J =
7.3 Hz, 1H), 5.91 (d, J= 7.4 Hz, 1H), 5.85 (d, /= 7.3 Hz, 1H), 5.11 (dd, J = 33.6, 6.5
Hz, 2H), 4.97 — 4.84 (m, 3H), 4.50 — 4.35 (m, 3H), 4.28 (d, /= 5.0 Hz, 1H), 4.18 (d, J
=6.5Hz, 1H), 4.12 (d,J=21.9 Hz, 1H), 4.03 (d, J= 5.0 Hz, 1H), 3.97 (d, /J=22.0 Hz,
1H), 3.58 (s, 3H), 3.56 (s, 3H), 3.38 (s, 3H), 3.28 — 3.13 (m, 6H), 3.03 (d, J = 14.5 Hz,
1H), 2.29 (d, J=14.5 Hz, 1H);

I3C NMR (150 MHz, CDCl3): 8 156.9, 156.5, 153.0, 152.2, 149.7, 149.7, 144.9, 142.5,
141.5,138.8,137.4,137.2,135.3, 134.8, 134.7, 134.4,134.4, 134.1, 134.0, 133.7, 132.9,
132.9,132.9,132.8,132.8,132.5,132.4,132.3,131.9,131.8, 131.5, 131.2, 130.9, 130.9,
129.8,129.7,129.3, 129.0, 128.6, 128.5, 128.4, 128.2, 128.0, 128.0, 127.9, 127.8, 127.7,
127.4,127.1,127.0, 126.9, 125.5, 125.0, 124.9, 123.4,123.2, 122.7, 100.5, 100.3, 100.0,
99.7, 58.0, 57.9, 57.7, 57.5, 37.5, 31.8, 31.6, 31.4, 28.8 (Due to C-P coupling and the
complexity of the spectrum, doublets in the aromatic region cannot be assigned and
they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 27.8;

HRMS (ESI-TOF) calculated for CesHeoO9P", [M+H]" 1015.3969, found 1015.3966.
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Physical state: white foam,;

Yield: 74% (80.4 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 156-160 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 10% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 13.53 min;

[a]25 D: 283.4 (c 0.2, CHCl);

'"H NMR (400 MHz, CDCl3): 4 7.89 (d, J= 8.1 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.60
(dd, J=11.4,7.7 Hz, 2H), 7.50 (t,J= 7.4 Hz, 1H), 7.45 — 7.39 (m, 3H), 7.29 — 7.26 (m,
2H), 7.24 — 7.21 (m, 4H), 7.20 — 7.13 (m, 4H), 7.05 — 6.96 (m, 2H), 6.93 — 6.88 (m,
2H), 6.31 — 6.23 (m, 2H), 6.08 — 6.00 (m, 2H), 5.80 (d, /= 7.4 Hz, 1H), 5.67 (d,J=7.5
Hz, 1H), 4.34 — 4.22 (m, 3H), 4.03 (d, J = 22.0 Hz, 1H), 3.94 — 3.81 (m, 3H), 3.60 —
3.48 (m, 3H), 3.12-3.01 (m, 5H), 2.90 - 2.81 (m, 2H), 2.42 (d, /= 14.4 Hz, 1H), 1.82
—1.73 (m, 4H), 1.60 — 1.50 (m, 2H), 1.39 — 1.30 (m, 2H), 1.04 (t, /= 7.4 Hz, 3H), 0.95
(t,J=7.3 Hz, 3H), 0.77 (t,J=7.5 Hz, 3H), 0.60 (t, /= 7.4 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 4 158.3, 157.7, 155.0, 154.7, 149.6, 149.5, 144.9, 142.8,
141.4,139.8,139.6, 137.7,135.5, 135.1, 134.7, 134.5, 134.4, 134.4, 134.1, 133.7, 133.5,
133.1,132.6,132.6,132.3,132.2, 132.1,131.9, 131.8,131.7, 131.6, 131.4, 131.1, 130.6,
130.6,130.0,129.9, 129.3,128.4, 128.3,128.1, 128.0, 128.0, 127.9, 127.7,127.5, 127 4,
127.4,127.1, 127.0, 126.9, 126.6, 125.5, 124.9, 124.5, 122.7, 122.6, 114.0, 76.9, 76.5,
76.2,75.9,37.4,31.0, 30.9, 30.8, 28.7, 23.6, 23.5, 23.0, 22.3, 11.0, 10.9, 9.8, 9.8 (Due
to C-P coupling and the complexity of the spectrum, doublets in the aromatic region
cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.9;

HRMS (ESI-TOF) calculated for CeoHs7BrOsP*, [M+H]" 1087.3904, found 1087.3906.

S36



Physical state: white foam,;

Yield: 55% (56.6 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 178-181 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 10% ‘PrOH in "hexane, 1 mL/min, A
=254 nm), tr (major) = 9.15 min;

[a]5: 144.9 (¢ 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): 6 7.89 (d, J= 8.2 Hz, 1H), 7.79 (d, J = 8.6 Hz, 1H), 7.58
(dd, J=11.4,7.6 Hz, 2H), 7.51 (t,J= 7.4 Hz, 1H), 7.46 — 7.37 (m, 2H), 7.33 (d, /= 8.6
Hz, 1H), 7.27 —7.13 (m, 8H), 7.10 (dd, J = 7.4, 2.6 Hz, 2H), 6.97 (td, J= 7.7, 2.5 Hz,
2H), 6.90 (t, J = 7.4 Hz, 1H), 6.81 (s, 1H), 6.29 — 6.18 (m, 2H), 6.06 — 5.95 (m, 2H),
5.76 (d, J= 7.4 Hz, 1H), 5.63 (d, /= 7.5 Hz, 1H), 4.36 (d, /= 13.2 Hz, 1H), 4.30 (t, J
=12.9 Hz, 2H), 3.97 (d,J=21.8 Hz, 1H), 3.92 - 3.82 (m, 3H), 3.59 (t, /= 6.6 Hz, 2H),
3.55 (td, J=10.9, 5.9 Hz, 1H), 3.22 — 3.03 (m, 5H), 2.96 — 2.89 (m, 1H), 2.80 (d, J =
14.5 Hz, 1H), 2.45 (d, /= 14.4 Hz, 1H), 2.09 (s, 3H), 1.85 — 1.76 (m, 4H), 1.63 — 1.52
(m, 2H), 1.42 - 1.31 (m, 2H), 1.05 (t, /= 7.4 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H), 0.77 (t,
J=1.5Hz, 3H), 0.61 (t,J= 7.5 Hz, 3H);

I3C NMR (151 MHz, CDCl3): § 158.5, 158.3, 155.0, 154.7, 149.5, 149.4, 145.3, 141 .4,
140.2,137.8,137.6,137.4,135.3, 135.2,135.1, 134.7, 134.6, 134.5, 134.5, 134.3, 134.0,
133.2,133.2,133.1, 132.7,132.5, 132.2,132.1, 132.0, 132.0, 131.8, 131.8, 131.7, 131.2,
131.2,130.6, 130.6, 130.0, 129.9, 129.4, 129.0, 128.8, 128.4, 128.3, 128.1, 128.1, 128.0,
127.7,127.6,127.4,127.2,127.1, 127.0, 127.0, 126.9, 126.6, 125.6, 124.4, 122.6, 122 4,
121.6, 76.8, 76.4, 76.2, 75.8, 37.2, 31.2, 31.1, 30.8, 28.6, 23.7, 23.6, 23.1, 22.3, 21.0,
11.0, 10.9, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 27.6;

HRMS (ESI-TOF) calculated for C70H700sP", [M+H]" 1021.4955, found 1021.4957.
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Physical state: white foam,;

Yield: 70% (71.0 mg);

Ry= 0.4 (PE:EtOAc = 2:1), > 19:1 d.r. (determined by 3'P NMR);

Melting point: 161-163 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
=254 nm), tz (major) = 10.89 min, tz (minor) = 7.48 min;

[a]s: 163.3 (c 0.2, CHCL3);

'TH NMR (400 MHz, CDCl3)  7.91 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.60
(dd, J=11.2,7.9 Hz, 2H), 7.52 (t,J= 7.4 Hz, 1H), 7.48 — 7.37 (m, 2H), 7.35 (d, /= 8.6
Hz, 1H), 7.26 — 7.15 (m, 8H), 7.11 (d, J= 7.3 Hz, 2H), 6.98 (t, /= 6.6 Hz, 2H), 6.91 (t,
J=7.3Hz, 1H), 6.82 (s, 1H), 6.25 (q, J = 7.5 Hz, 2H), 6.07 — 5.95 (m, 2H), 5.78 (d, J
=7.5Hz, 1H), 5.65 (d, /= 7.5 Hz, 1H), 4.43 — 4.26 (m, 3H), 4.03 — 3.84 (m, 4H), 3.67
—3.52 (m, 3H), 3.22 -3.06 (m, 5H), 2.94 (q, /= 6.7 Hz, 1H), 2.82 (d, /= 14.5 Hz, 1H),
247 (d,J=14.4 Hz, 1H), 2.10 (s, 3H), 1.88 — 1.76 (m, 4H), 1.64 — 1.53 (m, 2H), 1.45
—1.34 (m, 2H), 1.07 (t, J= 7.3 Hz, 3H), 0.99 (t, J = 7.3 Hz, 3H), 0.79 (t, J/ = 7.4 Hz,
3H), 0.63 (t,J= 7.4 Hz, 3H);

13C NMR (100 MHz, CDCl3) 8 158.5, 158.3, 155.0, 154.7, 149.5, 149.4, 145.3, 141 .4,
140.2,137.8,137.6,137.4,135.4,135.2,135.1, 134.9, 134.5, 134.4,134.4, 134.3, 133.8,
133.2,133.2,133.1, 132.7,132.5, 132.2,132.1, 132.0, 132.0, 131.8, 131.8, 131.8, 131.7,
131.2,131.2,130.6, 130.6, 130.0, 129.9, 129.5, 129.0, 129.0, 128.8, 128.5, 128.4, 128.3,
128.1,128.1,128.0, 127.8, 127.6, 127.4,127.2,127.1,127.0, 127.0, 126.9, 126.6, 125.6,
124.4,122.6,122.4,121.6,76.8,76.4,76.2,75.8,37.2,31.2,31.1, 30.8, 28.6, 23.7,23.6,
23.0, 22.3, 21.0, 11.0, 10.9, 9.9, 9.8 (Due to C-P coupling and the complexity of the
spectrum, doublets in the aromatic region cannot be assigned and they are listed as
singlets);

3P NMR (162 MHz, CDCl3): § 27.6;

HRMS (ESI-TOF) calculated for C70H700sP", [M+H]" 1021.4955, found 1021.4956.
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Physical state: white foam,;

Yield: 80% (82.5 mg), > 19:1 d.r. (determined by *'P NMR);

Ry=0.3 (PE:EtOAc =2:1);

Melting point: 168-170 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 11.64 min;

[a]5: 172.4 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 7.91 (d, J=8.1 Hz, 1H), 7.81 (dd, /= 8.7, 1.8 Hz, 1H),
7.60 (dd, J = 11.6, 7.3 Hz, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7.46 — 7.34 (m, 3H), 7.26 —
7.14 (m, 7H), 7.12 — 7.08 (m, 2H), 6.99 — 6.87 (m, 4H), 6.74 (d, J = 2.5 Hz, 1H), 6.29
—6.20 (m, 2H), 6.05 — 5.96 (m, 2H), 5.76 (d, J= 7.3 Hz, 1H), 5.62 (d, /= 7.3 Hz, 1H),
4.36 (d, J=13.2 Hz, 1H), 4.30 (dd, J = 13.5, 3.6 Hz, 2H), 3.98 — 3.81 (m, 4H), 3.62 —
3.51 (m, 3H), 3.49 (s, 3H), 3.17 — 3.05 (m, 5H), 2.92 (dt, J = 8.7, 6.4 Hz, 1H), 2.75 (d,
J=14.6 Hz, 1H), 2.44 (d, J = 14.5 Hz, 1H), 1.86 — 1.75 (m, 4H), 1.62 — 1.52 (m, 2H),
1.42 — 1.31 (m, 2H), 1.05 (t, J= 7.4 Hz, 3H), 0.98 (t, /= 7.4 Hz, 3H), 0.77 (t, J=17.5
Hz, 3H), 0.62 (t, /= 7.5 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 8 158.5, 158.4, 157.4, 155.0, 154.8, 149.2, 149.2, 147.1,
141.2,137.7,137.6,137.0,136.1, 135.4, 134.7, 134.6, 134.5, 134.5, 134.4, 134.4, 133.7,
133.2,133.1,133.0, 132.9,132.7, 132.6, 132.0, 131.9, 131.8, 131.7, 131.7, 131.6, 131.3,
131.3,130.6, 130.5, 130.0, 129.9, 129.3,129.0, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1,
128.0,127.8,127.7,127.4,127.3,127.2,127.0, 126.9, 126.7, 124.3,122.5, 122.4, 121.6,
115.8,112.1, 76.8, 76.4, 76.2, 75.8, 55.1, 37.3, 31.2, 31.1, 30.7, 28.7, 23.6, 23.6, 23.0,
22.3, 11.0, 10.9, 9.8, 9.8 (Due to C-P coupling and the complexity of the spectrum,
doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.8;

HRMS (ESI-TOF) calculated for C70H7006P", [M+H]" 1037.4905, found 1037.4907.
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Physical state: yellow foam;

Yield: 78% (82.0 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 165-169 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 5% ‘PrOH in "hexane, 1 mL/min, A =
230 nm), tr (major) = 46.41 min;

[a]s: 135.1 (¢ 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): 6 7.90 (d, J= 8.2 Hz, 1H), 7.80 (d, J = 8.6 Hz, 1H), 7.58
—7.45 (m, 4H), 7.42 (d, J = 8.5 Hz, 1H), 7.34 (t, /= 6.7 Hz, 1H), 7.27 (d, J = 8.8 Hz,
2H), 7.22 —7.18 (m, 2H), 7.17 — 7.08 (m, 5H), 6.96 — 6.87 (m, 3H), 6.67 (d, J = 29.7
Hz, 2H), 6.27 (d, J=4.4 Hz, 2H), 6.02 (t,J = 6.0 Hz, 1H), 5.98 (t, /= 7.6 Hz, 1H), 5.74
(d, J=7.4 Hz, 1H), 5.59 (d, J= 7.5 Hz, 1H), 4.36 (d, /= 13.2 Hz, 1H), 4.29 (dd, J =
13.5, 3.4 Hz, 2H), 3.91 — 3.79 (m, 4H), 3.59 (t, J = 6.5 Hz, 2H), 3.57 — 3.49 (m, 1H),
3.18 —3.05 (m, 5H), 2.99 — 2.92 (m, 1H), 2.80 (s, 6H), 2.67 (d, J = 14.5 Hz, 1H), 2.43
(d, J=14.6 Hz, 1H), 1.83 — 1.76 (m, 4H), 1.64 — 1.55 (m, 2H), 1.41 — 1.33 (m, 2H),
1.05 (t,J=7.4 Hz, 3H), 0.99 (t, J= 7.3 Hz, 3H), 0.77 (t, J= 7.4 Hz, 3H), 0.63 (t, J =
7.4 Hz, 3H);

13C NMR (150 MHz, CDCl3): § 158.5, 158.3, 155.0, 154.8, 147.0, 137.8, 137.6, 135.5,
134.9,134.6,134.5,134.5,134.4, 133.8,133.3, 133.2,132.7, 132.1, 132.0, 131.7, 131.7,
131.6,131.5,131.1, 130.2,130.1, 130.0, 129.0, 128.8, 128.4, 128.4, 128.4, 128.3, 128.1,
127.9,127.6,127.5,127.3,127.2,127.1,127.1, 126.9, 126.7, 126.6, 124.1, 122.5, 122 4,
121.6, 76.8, 76.4, 76.1, 75.8, 40.4, 37.5, 31.2, 31.1, 30.7, 28.7, 23.6, 23.6, 23.0, 22.3,
11.0, 10.9, 9.8, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 28.2;

HRMS (ESI-TOF) calculated for C71H73NOsP™, [M+H]" 1050.5221, found 1050.5220.
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Physical state: white foam,;

Yield: 69% (72.0 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 190-192 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 5% ‘PrOH in "hexane, 1 mL/min, A =
230 nm), tr (major) = 17.84 min;

[a]: 194.9 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 7.91 (d, J= 8.2 Hz, 1H), 7.82 (dd, J = 8.6, 1.9 Hz, 1H),
7.64 (dd, J=11.7, 7.1 Hz, 2H), 7.53 (t, J = 6.9 Hz, 1H), 7.46 (t, J=7.5 Hz, 1H), 7.41
—7.26 (m, 6H), 7.25 - 7.16 (m, 4H), 7.11 (d, J= 7.3 Hz, 2H), 7.00 (td, /= 7.9, 2.9 Hz,
2H), 6.94 — 6.89 (m, 2H), 6.27 — 6.17 (m, 2H), 6.01 (t, /= 7.6 Hz, 2H), 5.79 (d, J="7.1
Hz, 1H), 5.68 (d,J=7.4 Hz, 1H), 4.41 —4.26 (m, 3H), 4.09 — 3.84 (m, 4H), 3.64 — 3.52
(m, 3H), 3.17 - 3.07 (m, 5H), 2.93 — 2.85 (m, 1H), 2.82 (d, /= 14.4 Hz, 1H), 2.45 (d, J
=14.3 Hz, 1H), 1.87 - 1.77 (m, 4H), 1.62 — 1.51 (m, 2H), 1.42 — 1.31 (m, 2H), 1.06 (t,
J=17.4Hz, 3H), 0.97 (t, /= 7.4 Hz, 3H), 0.78 (t, /= 7.5 Hz, 3H), 0.61 (t, J = 7.5 Hz,
3H);

BC NMR (151 MHz, CDCl3): § 158.5, 158.5, 155.0, 154.7, 148.0, 147.9, 146.7, 141.5,
140.4,137.7,137.6,137.4,136.0, 134.5, 134.4, 134.4,134.0, 133.8, 133.8, 133.7, 133.3,
132.8,132.6,132.0,131.9,131.8,131.8,131.5,131.5, 131.2, 131.1, 130.9, 130.9, 129.8,
129.8,129.7,129.1,129.0, 128.8, 128.6, 128.5, 128.2, 128.1, 128.0, 127.9, 127.6, 127.5,
127.5, 127.4, 127.1, 126.8, 124.8, 124.6, 122.6, 122.4, 121.7, 76.8, 76.4, 76.3, 75.9,
37.3, 31.2, 31.1, 30.8, 28.5, 23.7, 23.6, 23.0, 22.3, 11.0, 10.9, 9.9, 9.8 (Due to C-P
coupling and the complexity of the spectrum, doublets in the aromatic region cannot be
assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.5;

HRMS (ESI-TOF) calculated for CeoHesCIOsPK', [M+K]"™ 1079.3968, found
1079.3960.
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Physical state: white foam,;

Yield: 67% (71.8 mg), > 19:1 d.r. (determined by *'P NMR);

Ry=0.5 (PE:EtOAc = 1:1);

Melting point: 175-178 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 15% ‘PrOH in "hexane, 1 mL/min, A
=230 nm), tr (major) = 9.23 min;

[a]s: 156.6 (c 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): § 8.14 (s, 1H), 7.92 (d, J= 8.2 Hz, 1H), 7.81 (d, J = 8.3
Hz, 1H), 7.63 (dd, J = 11.5, 7.8 Hz, 2H), 7.56 (s, 1H), 7.53 (t, /= 7.4 Hz, 1H), 7.49 (4,
J=7.4Hz, 1H), 7.38 — 7.30 (m, 4H), 7.26 — 7.18 (m, 3H), 7.13 — 7.07 (m, 4H), 6.95 (t,
J=28.5Hz, 2H), 6.91 (t,J= 7.4 Hz, 1H), 6.24 (t,J = 7.5 Hz, 1H), 6.19 (d, /= 7.2 Hz,
1H), 6.05 — 5.99 (m, 2H), 5.79 (d, /= 7.4 Hz, 1H), 5.72 (d, J= 7.5 Hz, 1H), 4.35 (t, J
=14.0 Hz, 2H), 4.28 (d, J=13.4 Hz, 1H), 4.16 (d, /= 22.2 Hz, 1H), 4.01 (d, J=22.2
Hz, 1H), 3.91 — 3.82 (m, 2H), 3.67 (s, 3H), 3.62 — 3.54 (m, 3H), 3.17 — 3.07 (m, 5H),
2.94 (d, J=14.4 Hz, 1H), 2.87 — 2.81 (m, 1H), 2.46 (d, J = 14.3 Hz, 1H), 1.85 - 1.77
(m, 4H), 1.57 - 1.50 (m, 2H), 1.39 — 1.30 (m, 2H), 1.06 (t, /= 7.4 Hz, 3H), 0.95 (t, J =
7.4 Hz, 3H), 0.77 (t, J= 7.5 Hz, 3H), 0.60 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 167.1, 158.6, 158.5, 155.0, 154.7, 148.9, 148.8, 147.4,
145.2,140.5,138.9,137.7,137.6, 137.0, 134.6, 134.5, 134.4, 133.9, 133.3, 132.8, 132.7,
132.7,132.6,132.5,132.1,132.0, 132.0, 132.0, 131.9,131.9, 131.3, 131.3, 131.0, 131.0,
129.8,129.8,129.0, 128.8, 128.5, 128.4, 128.2, 128.1, 128.0, 128.0, 127.5, 127.5, 127.3,
127.1, 127.1, 126.7, 126.5, 125.8, 124.7, 122.7, 122.5, 121.6, 76.8, 76.4, 76.3, 75.9,
51.8,37.4,31.2,31.0, 30.9, 28.6, 27.5, 23.7, 23.6, 23.0, 22.2, 11.0, 10.9, 9.9, 9.8 (Due
to C-P coupling and the complexity of the spectrum, doublets in the aromatic region
cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): & 28.0;

HRMS (ESI-TOF) calculated for C71He9O7PNa', [M+Na]" 1087.4673, found
1087.4678.
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Physical state: white foam,;

Yield: 48% (49.0 mg), > 19:1 d.r. (determined by *'P NMR);

Ry=0.3 (PE:EtOAc =2:1);

Melting point: 159-161 °C;

HPLC: 95% e.e. (Daicel chiralpak IC column, 20% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 24.58 min, tz (minor) = 12.34 min;

[a]s: 105.5 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 7.91 (d, J=8.1 Hz, 1H), 7.79 (dd, J= 8.7, 1.9 Hz, 1H),
7.61 —7.49 (m, 3H), 7.44 —7.33 (m, 2H), 7.30 (d, /= 8.0 Hz, 1H), 7.26 — 7.20 (m, 3H),
7.18 —7.08 (m, 8H), 6.94 — 6.84 (m, 3H), 6.80 (d, /= 7.0 Hz, 1H), 6.23 (d, /= 4.8 Hz,
2H), 6.01 (t,J=4.7 Hz, 1H), 5.94 (t, J=7.6 Hz, 1H), 5.76 (d, /= 7.2 Hz, 1H), 5.59 (d,
J=7.3Hz, 1H),4.49 (d,J=13.4 Hz, 1H), 4.36 (dd, J=27.8, 13.4 Hz, 2H), 4.00 — 3.85
(m, 5H), 3.68 —3.55 (m, 3H), 3.42 (td, J=11.0, 5.9 Hz, 1H), 3.27 (d, /= 13.5 Hz, 1H),
3.18 (dt,/=8.7, 6.7 Hz, 1H), 3.11 (dd, J = 13.5, 2.7 Hz, 2H), 2.94 (dt, J = 8.8, 6.4 Hz,
1H), 2.80 — 2.62 (m, 2H), 1.90 — 1.80 (m, 4H), 1.64 — 1.53 (m, 2H), 1.49 — 1.36 (m,
2H), 1.08 (t, J= 7.4 Hz, 3H), 1.00 (t, /= 7.4 Hz, 3H), 0.80 (t, /= 7.5 Hz, 3H), 0.63 (t,
J=1.5Hz, 3H);,

I3C NMR (150 MHz, CDCl3): § 158.6, 155.1, 154.7, 152.5, 149.4, 149.4, 141.5, 137.9,
137.5,137.5,135.7,135.1,134.7, 134.5, 134.5, 134.4, 134.4, 134.0, 133.3, 133.1, 132.9,
132.8,132.8,132.4,132.4,132.4,132.0,131.9, 131.8,131.3, 131.2, 130.5, 130.5, 129.9,
129.8,129.4,129.0, 128.8, 128.7, 128.3, 128.2, 128.1, 128.0, 127.9, 127.6, 127.6, 127 4,
127.2,127.2,127.1,127.0,126.9, 126.6, 124.3, 123.6, 123.3, 122.6, 122.5, 122.4, 121.6,
108.5, 107.4, 76.8, 76.6, 76.4, 75.8, 31.8, 31.2, 31.1, 29.4, 28.5, 23.7, 23.6, 23.1, 22.1,
11.0, 11.0, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): 6 28.1;

HRMS (ESI-TOF) calculated for CeoHssNOsP*, [M+H]" 1022.4908, found 1022.4901.
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Physical state: white foam,;

Yield: 71% (63.2 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (DCM:MeOH = 40:1);

Melting point: 126-129 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
=230 nm), tr (major) = 6.38 min;

[a]5 : 220.0 (c 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 8.37 (t,J=9.5 Hz, 1H), 7.99 (d, J = 7.9 Hz, 1H), 7.75
(d, J=17.5 Hz, 1H), 7.59 — 7.51 (m, 2H), 7.41 (t, J = 6.0 Hz, 1H), 7.33 (t, /= 6.0 Hz,
1H), 7.05 (dd, J=23.0, 5.7 Hz, 2H), 7.01 — 6.93 (m, 2H), 6.91 — 6.84 (m, 2H), 6.21 —
6.15 (m, 1H), 6.13 (d, J = 5.6 Hz, 1H), 6.02 (d, J= 6.0 Hz, 1H), 5.98 — 5.91 (m, 1H),
5.79 (d,J=6.2 Hz, 1H), 5.47 (d, /= 6.3 Hz, 1H), 4.32 (d, J=13.1 Hz, 1H), 4.26 (d, J
=13.4 Hz, 1H), 4.11 (d, J = 13.2 Hz, 1H), 3.91 — 3.81 (m, 2H), 3.56 (d, J = 27.5 Hz,
3H), 3.43 (d, /= 6.4 Hz, 1H), 3.20 (t, /= 12.0 Hz, 1H), 3.10 — 2.95 (m, 5H), 2.90 (d, J
=13.1 Hz, 2H), 2.76 (d, J = 13.5 Hz, 1H), 2.70 (t, J = 14.0 Hz, 1H), 2.33 — 2.25 (m,
1H), 1.93 - 1.73 (m, 8H), 1.66 (d, /= 12.3 Hz, 3H), 1.48 (d, J=12.5 Hz, 3H), 1.16 (t,
J=15.4Hz 3H), 1.01 (t, J= 5.4 Hz, 3H), 0.77 (t, J = 5.5 Hz, 3H), 0.69 (t, /= 5.5 Hz,
3H);

I3C NMR (150 MHz, CDCl3): 8 158.2, 157.7, 155.2, 155.0, 144.6, 144.6, 143.1, 137.7,
137.3,136.9, 136.6, 136.6, 136.2, 135.4, 134.6, 134.6, 134.6, 133.7, 133.3, 133.3, 133.0,
132.6,132.3,130.4, 130.4, 129.0, 128.6, 128.6, 128.2, 128.1, 128.1, 127.9, 127.8, 127.7,
127.5,127.3, 127.3, 126.8, 126.8, 126.7, 126.2, 126.1, 122.1, 122.0, 121.7, 76.9, 76.8,
76.3, 75.9, 33.3, 31.9, 31.3, 30.9, 30.7, 30.0, 29.9, 23.9, 23.6, 22.9, 22.7, 21.6, 21.1,
18.4,17.9,11.0,10.9,9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum,
doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 37.1;

HRMS (ESI-TOF) calculated for CsoHesOsP", [M+H]" 897.4642, found 897.4641.
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Physical state: white foam,;

Yield: 54% (48.9 mg), d.r. = 14:1 (determined by *'P NMR), the diastereoisomers were
separable;

Ry= 0.4 (DCM:MeOH = 40:1);

Melting point: 128-130 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 3% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 51.08 min;

[a]s : 280.7 (c 0.2, CHCl3);

'TH NMR (600 MHz, CDCls): 6 8.41 (t,J=9.7 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.76
(d, J=8.0 Hz, 1H), 7.36 (s, 1H), 7.35 — 7.30 (m, 2H), 7.06 (dd, J = 21.5, 7.0 Hz, 2H),
7.00 — 6.91 (m, 3H), 6.87 (t, J= 6.9 Hz, 1H), 6.18 (t, /= 7.1 Hz, 1H), 6.14 (d, /= 6.0
Hz, 1H), 6.01 (d, J = 6.7 Hz, 1H), 5.94 (t, J= 7.3 Hz, 1H), 5.78 (d, J = 6.9 Hz, 1H),
5.45(d,J=17.0 Hz, 1H), 4.33 (d, /= 13.1 Hz, 1H), 4.27 (d, /= 13.4 Hz, 1H), 4.11 (d,
J=13.3 Hz, 1H), 3.89 — 3.81 (m, 2H), 3.63 — 3.57 (m, 1H), 3.54 (t, /= 6.0 Hz, 2H),
3.45—-3.39 (m, 1H), 3.19 (t, J=10.5 Hz, 1H), 3.10 — 2.93 (m, 6H), 2.89 (d, J=13.9
Hz, 2H), 2.72 (d, J = 13.6 Hz, 2H), 2.45 (s, 3H), 2.28 (t, /= 12.0 Hz, 1H), 1.86 — 1.75
(m, 6H), 1.69 (d, /= 12.4 Hz, 3H), 1.43 (d, J = 12.6 Hz, 3H), 1.36 (s, 1H), 1.16 (t, J =
7.0 Hz, 3H), 1.12 (s, 1H), 1.02 (t, /= 7.0 Hz, 3H), 0.77 (t, /= 7.0 Hz, 3H), 0.68 (t, J =
7.0 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 158.2, 157.7, 155.2, 155.0, 144.7, 144.7, 143.1, 137.6,
137.3,136.5,136.5,136.3, 136.0, 135.0, 134.6, 134.3,134.1, 133.7, 133.3, 133.2, 133.1,
132.9,132.7,132.2,130.3,130.3, 129.3, 129.0, 128.6, 128.3, 128.2, 128.1, 127.7, 127.7,
127.7,127.4,127.4,127.3, 126.8, 126.7, 126.1, 126.1, 122.1, 121.9, 121.6, 76.8, 76.8,
76.3, 75.9, 33.3, 31.9, 31.3, 30.9, 30.7, 30.0, 23.9, 23.6, 22.9, 22.6, 21.8, 21.4, 21.0,
18.2,17.7,11.0,10.9, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum,
doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 36.8;

HRMS (ESI-TOF) calculated for Cs1HesOsP*, [M+H]" 911.4799, found 911.4798.
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Physical state: white foam,;

Yield: 62% (57.3 mg), d.r. = 10:1 (determined by *'P NMR), the diastereoisomers were
separable;

Ry= 0.4 (DCM:MeOH = 40:1);

Melting point: 129-131 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 15% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 10.79 min;

[a]s: 210.8 (¢ 0.2, CHCl3);

'TH NMR (600 MHz, CDCls): 6 8.29 (t,J = 9.8 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.74
(d, J=8.1 Hz, 1H), 7.57 (d, J = 8.1 Hz, 1H), 7.53 (d, /= 8.0 Hz, 1H), 7.34 (t, J=17.3
Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 7.03 (d, J = 7.3 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H),
6.95 (s, 1H), 6.87 (d,J=7.1 Hz, 2H), 6.19 (t,J= 7.5 Hz, 1H), 6.12 (d, J=7.5 Hz, 1H),
6.03 (d, J=7.3 Hz, 1H), 5.96 (t,J= 7.5 Hz, 1H), 5.81 (d, /= 7.4 Hz, 1H), 5.45 (d, J =
7.4 Hz, 1H), 4.32 (d, J=13.2 Hz, 1H), 4.25 (d, J=13.5 Hz, 1H), 4.10 (d, J = 13.2 Hz,
1H), 3.91 — 3.79 (m, 2H), 3.70 (d, J = 10.2 Hz, 1H), 3.60 — 3.51 (m, 3H), 3.45 (q, J =
6.8 Hz, 1H), 3.24 — 3.17 (m, 1H), 3.08 (d, /= 13.2 Hz, 1H), 3.00 (t, /= 12.0 Hz, 2H),
2.93 —2.86 (m, 2H), 2.82 (d, J = 13.6 Hz, 1H), 2.72 — 2.63 (m, 2H), 2.33 — 2.24 (m,
1H), 1.85 — 1.72 (m, 6H), 1.66 (d, J = 12.3 Hz, 3H), 1.60 (d, J = 12.4 Hz, 3H), 1.42 —
1.35 (m, 1H), 1.17 — 1.08 (m, 4H), 1.02 (t, J = 7.3 Hz, 3H), 0.78 (t, /= 7.3 Hz, 3H),
0.70 (t, J= 7.3 Hz, 3H);

I3C NMR (151 MHz, CDCl3): § 158.1, 157.7, 155.2, 155.0, 143.7, 143.6, 140.4, 139.0,
137.6,137.1,136.3,135.9,135.2, 135.2, 134.6, 134.5, 133.6, 133.4, 133.4, 133.3, 132.7,
132.7,132.4,130.5,130.4,129.0, 128.6, 128.2,128.2, 128.2, 127.9, 127.8, 127.7,127.7,
127.6, 127.5, 127.0, 126.9, 126.8, 126.3, 126.3, 122.1, 122.1, 121.7, 76.9, 76.7, 76.3,
76.0, 31.3, 31.1, 30.9, 30.7, 30.0, 28.9, 23.9, 23.6, 22.9, 22.7, 21.3, 20.8, 18.8, 18.3,
11.0, 10.9, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): & 37.0;

HRMS (ESI-TOF) calculated for CsoHssC1OsP*, [M+H]" 931.4253, found 931.4252.
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Physical state: white foam,;

Yield: 66% (63 mg), > 19:1 d.». (determined by *'P NMR);

Ry= 0.4 (DCM:MeOH = 40:1);

Melting point: 129-133 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 9.28 min;

[a]s: 118.1 (c 0.2, CHCl3);

'"H NMR (400 MHz, CDCls): 6 8.33 (t,J=9.9 Hz, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.77
(d, J=8.1 Hz, 1H), 7.67 (d, J=7.5 Hz, 1H), 7.62 (d, J= 7.0 Hz, 1H), 7.52 (t, J="7.5
Hz, 1H), 7.36 (t,J = 7.3 Hz, 1H), 7.10 — 6.94 (m, 3H), 6.87 (t, /= 7.4 Hz, 1H), 6.75 (d,
J=8.6 Hz, 1H), 6.17 (t,J= 7.6 Hz, 1H), 6.09 (d, /= 7.1 Hz, 1H), 6.02 (d, J= 7.3 Hz,
1H), 5.96 (t,J=7.6 Hz, 1H), 5.81 (d, J= 7.2 Hz, 1H), 5.55 — 5.32 (m, 2H), 4.34 — 4.22
(m, 3H), 4.16 (d, J=13.3 Hz, 1H), 3.90 — 3.78 (m, 5H), 3.59 — 3.50 (m, 3H), 3.43 (q, J
=6.7Hz, 1H), 3.31 - 3.19 (m, 1H), 3.10 — 2.95 (m, 4H), 2.77 (d, J=13.7 Hz, 1H), 2.42
—2.31 (m, 1H), 1.87 — 1.71 (m, 7H), 1.65 (d, J = 12.5 Hz, 3H), 1.52 (d, J = 12.7 Hz,
3H), 1.42 — 1.35 (m, 1H), 1.15 (t, /= 7.4 Hz, 4H), 1.02 (t, /= 7.4 Hz, 3H), 0.91 — 0.82
(m, 1H), 0.78 (t, J = 7.5 Hz, 3H), 0.70 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 158.2, 156.6, 155.1, 155.0, 154.4, 143.9, 143.8, 138.8,
137.6,137.1,136.9, 136.8, 136.7, 135.6, 134.6, 134.1, 133.4, 133.4, 132.6, 132.1, 131.6,
130.3,130.2,129.0, 128.7,128.6, 128.2,128.1, 127.9,127.9, 127.7,127.6, 127.4, 127 .2,
127.1,126.7,126.6,125.9, 125.3,122.2, 122.1, 121.8,76.9, 76.8, 76.4, 76.2, 53.3, 50.4,
31.3, 30.9, 30.6, 30.4, 29.9, 29.8, 23.9, 23.6, 22.9, 22.6, 21.4, 20.7, 18.7, 18.0, 11.0,
10.9, 9.8, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets in the
aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): & 36.6;

HRMS (ESI-TOF) calculated for Cs1Hs7NO7P", [M+H]" 956.4650, found 956.4654.
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3s: R = p-MeCgH,

Physical state: white foam,;

Yield: 67% (69.7 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 165-168 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 15.81 min;

[a]s: 135.4 (¢ 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): § 7.91 (d, J= 8.1 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.58
—7.41 (m, 5H), 7.34 - 7.28 (m, 2H), 7.18 (t, J= 7.5 Hz, 1H), 7.16 — 7.05 (m, 7H), 7.02
(t,J=7.4 Hz, 1H), 6.93 (t,J= 7.4 Hz, 1H), 6.72 (d, /= 6.8 Hz, 2H), 6.27 (dt, J = 14.1,
7.2 Hz, 2H), 6.05 (d, J=7.0 Hz, 1H), 6.02 (t,J= 7.6 Hz, 1H), 5.79 (d, /= 7.4 Hz, 1H),
5.66 (d,J=7.5Hz, 1H), 4.43 —4.28 (m, 3H), 4.06 (d, /J=21.8 Hz, 1H), 3.99 — 3.86 (m,
3H), 3.62 (t,J = 6.5 Hz, 2H), 3.60 — 3.52 (m, 1H), 3.17 — 3.04 (m, 5H), 2.92 — 2.80 (m,
2H), 2.42 (d, J = 14.4 Hz, 1H), 2.36 (s, 3H), 2.22 (s, 3H), 1.89 — 1.77 (m, 4H), 1.61 —
1.52 (m, 2H), 1.42 — 1.32 (m, 2H), 1.08 (t, /= 7.4 Hz, 3H), 0.98 (t, J = 7.3 Hz, 3H),
0.80 (t,J= 7.4 Hz, 3H), 0.63 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 158.5, 158.4, 155.0, 154.7, 149.4, 149.3, 144.8, 142.8,
141.6,141.6, 141.4,140.8, 140.8, 137.7,137.6, 137.6, 135.5, 134.4, 134.4, 133.7, 133.2,
133.0,132.7,132.7,132.5,132.2, 132.1, 132.0, 132.0, 131.9, 131.9, 131.9, 131.7, 131.7,
131.3,131.0,130.1, 130.0, 129.5, 129.1, 129.0, 129.0, 128.8, 128.8, 128.5, 128.4, 128.0,
127.9,127.4,127.1,127.1,126.9, 126.8, 126.7, 126.5, 125.4, 124.7, 124.4, 122.5, 122 4,
121.6, 76.8, 76.4, 76.2, 75.8, 37.4, 31.2, 31.1, 30.8, 28.7, 23.6, 23.6, 23.0, 22.3, 21.7,
21.5, 11.0, 10.9, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum,
doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): & 28.0;

HRMS (ESI-TOF) calculated for C71H710sPNa', [M+Na]®™ 1057.4931, found
1057.4936.
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3t: R = p-OMeCgH,y

Physical state: white foam,;

Yield: 72% (77.0 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc = 1:1);

Melting point: 141-144 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 21.17 min;

[a]5: 149.7 (¢ 0.2, CHCl3);

'"H NMR (600 MHz, CDCl3): § 7.91 (d, J= 8.2 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.56
—7.45 (m, SH), 7.28 (d, J= 8.1 Hz, 2H), 7.18 (t, /= 6.0 Hz, 1H), 7.15 — 7.04 (m, 6H),
6.92 (t,J=7.4 Hz, 1H), 6.77 (d, J= 7.2 Hz, 2H), 6.43 (d, J= 7.1 Hz, 2H), 6.26 (dt, J =
14.2,7.0 Hz, 2H), 6.04 (d, /= 7.1 Hz, 1H), 6.01 (t,J=7.6 Hz, 1H), 5.78 (d, /= 7.4 Hz,
1H), 5.63 (d, J = 7.5 Hz, 1H), 4.36 (dd, J = 29.3, 13.3 Hz, 2H), 4.31 (d, J = 13.5 Hz,
1H), 4.08 (d, J=21.9 Hz, 1H), 3.95 (d, /=21.9 Hz, 1H), 3.91 — 3.85 (m, 2H), 3.80 (s,
3H), 3.71 (s, 3H), 3.62 (t, J = 6.6 Hz, 2H), 3.56 (td, J = 10.9, 5.9 Hz, 1H), 3.14 — 3.05
(m, 5H), 2.89 — 2.82 (m, 2H), 2.42 (d, J = 14.5 Hz, 1H), 1.86 — 1.78 (m, 4H), 1.62 —
1.54 (m, 2H), 1.42 — 1.32 (m, 2H), 1.07 (t, J = 7.4 Hz, 3H), 1.00 (t, J = 7.4 Hz, 3H),
0.79 (t,J=17.5 Hz, 3H), 0.63 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 161.9, 161.9, 161.3, 161.3, 158.5, 158.3, 155.0, 154.7,
149.2,149.2,144.8,142.8,141.4, 137.7,137.6, 135.5, 134.4, 134.3, 134.3, 133.8, 133.7,
133.7,133.6,133.2,133.0,132.7, 132.6, 132.5, 132.2,132.1, 131.7, 130.0, 129.9, 129.6,
129.0,128.8,128.0, 127.9,127.4,127.1,127.1, 126.9, 126.8, 126.7, 126.5, 126.5, 125.8,
125.7,125.4, 124.7, 124.4, 122.6, 122.4, 121.6, 113.9, 113.8, 113.4, 113.3, 76.8, 76.4,
76.2,75.8,55.4,55.3,37.4,31.2,31.1,30.8, 28.7, 23.6, 23.6, 23.0, 22.2, 11.0, 10.9, 9.8,
9.8 (Due to C-P coupling and the complexity of the spectrum, doublets in the aromatic
region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): § 27.6;

HRMS (ESI-TOF) calculated for C71H7207P", [M+H]" 1067.5010, found 1067.5014.
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3u: R = 3,5-('Bu),CgH3

Physical state: white foam,;

Yield: 85% (104.1 mg), > 19:1 d.». (determined by *'P NMR);

Ry= 0.3 (PE:EtOAc = 10:1);

Melting point: 264-267 °C;

HPLC: > 99% e.e. (Daicel chiralpak AD-H column, 0.5% ‘PrOH in "hexane, 0.5
mL/min, A =230 nm), tz (major) = 7.34 min;

[a]: 172.5 (¢ 0.2, CHCl3);

'"H NMR (400 MHz, CDCl3): 4 7.88 (d, J= 8.2 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.56
—7.43 (m, 5SH), 7.39 (s, 1H), 7.30 = 7.19 (m, 5H), 7.18 — 7.12 (m, 1H), 7.10 — 7.04 (m,
2H), 6.87 (t, J="7.4 Hz, 1H), 6.60 (t, /= 7.5 Hz, 1H), 6.29 (d, /= 7.5 Hz, 1H), 6.20 (t,
J=17.6 Hz, 1H), 6.12 (d, J = 7.2 Hz, 1H), 6.03 (q, J = 6.6, 5.3 Hz, 3H), 5.61 (dd, J =
6.0,2.8 Hz, 1H), 4.34 (dd, /= 17.6, 13.5 Hz, 2H), 4.26 — 4.13 (m, 2H), 3.95 — 3.80 (m,
3H), 3.63 —3.53 (m, 3H), 3.12 — 2.94 (m, 5H), 2.86 (d, J=13.5 Hz, 1H), 2.79 — 2.70
(m, 1H), 2.13 (d, J= 14.0 Hz, 1H), 1.85 — 1.74 (m, 4H), 1.53 — 1.42 (m, 2H), 1.36 (dd,
J=15.3,7.5Hz, 2H), 1.28 (s, 18H), 1.04 (t, J = 7.4 Hz, 3H), 1.00 (s, 18H), 0.90 (t, J =
7.4 Hz, 3H), 0.76 (t, J = 7.4 Hz, 3H), 0.58 (t, /= 7.4 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 6 158.6, 158.3, 155.0, 154.6, 150.8, 150.7, 150.6, 149.8,
149.8,144.8,143.4,141.5,137.7,137.6,137.5,135.4,135.0, 134.4, 134.4, 134.4, 134.2,
133.8,133.1,133.0, 132.8, 132.8, 132.8, 132.7, 132.6, 132.0, 130.8, 130.8, 129.8, 129.1,
129.0,128.5,127.9,127.9,127.6, 127.4,127.0, 126.8, 126.7, 126.6, 126.5, 126.3, 125.9,
125.8,125.0,124.9,124.4,124.4,122.9,122.5,121.4,76.7,76.4,76.1,75.9,37.6,35.1,
34.8, 31.6, 31.5, 31.5, 31.4, 31.3, 31.3, 30.9, 30.8, 28.7, 23.6, 23.6, 23.0, 22.1, 11.0,
10.8, 9.9, 9.8 (Due to C-P coupling and the complexity of the spectrum, doublets in the
aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): & 28.4;

HRMS (ESI-TOF) calculated for CssHi1000sP*, [M+H]" 1231.7303, found 1231.7304.
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3v: R = p-CICgH,

Physical state: white foam,;

Yield: 63% (68.2 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: >300 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 10.42 min;

[a]5: 144.9 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 7.94 (d, J= 8.1 Hz, 1H), 7.85 (dd, J= 8.7, 1.9 Hz, 1H),
7.56 (t,J=7.4 Hz, 1H), 7.53 — 7.40 (m, 4H), 7.33 — 7.28 (m, 2H), 7.25 — 7.08 (m, 8H),
7.05 (t,J="7.4 Hz, 1H), 6.95 — 6.88 (m, 3H), 6.33 — 6.25 (m, 2H), 6.05 (dd, J=6.9, 2.1
Hz, 1H), 6.01 (t, J = 7.6 Hz, 1H), 5.81 (d, J = 7.2 Hz, 1H), 5.55 (d, J = 7.2 Hz, 1H),
443 —4.26 (m, 3H), 4.07 (d, J=22.1 Hz, 1H), 3.94 (d, J = 22.2 Hz, 1H), 3.91 — 3.81
(m, 2H), 3.62 (t,J= 6.7 Hz, 2H), 3.60 — 3.51 (m, 1H), 3.19 — 3.08 (m, 5H), 2.91 — 2.83
(m, 1H), 2.73 (d,J=14.6 Hz, 1H), 2.48 (d, /= 14.5 Hz, 1H), 1.88 — 1.77 (m, 4H), 1.66
—1.55 (m, 2H), 1.43 — 1.33 (m, 2H), 1.07 (t, J= 7.4 Hz, 3H), 1.02 (t, J = 7.4 Hz, 3H),
0.79 (t,J=17.5 Hz, 3H), 0.64 (t, /= 7.5 Hz, 3H);

I3C NMR (100 MHz, CDCl3): § 158.4, 158.3, 154.9, 154.7, 149.6, 149.5, 145.1, 142.7,
140.9, 138.0, 138.0, 137.6, 137.5, 137.4,137.2, 137.1, 135.8, 134.4, 134.4, 134.1, 133 4,
133.3,133.2,133.1,133.1,133.0, 133.0, 132.9, 132.8, 132.7, 132.4, 132.1, 132.1, 132.0,
132.0,131.7,131.6,129.4,129.3, 128.9, 128.8, 128.6, 128.3, 128.3, 128.0, 127.9, 127 .4,
127.3,127.2, 127.0, 126.9, 126.3, 125.5, 125.0, 124.5, 122.5, 122.3, 121.6, 76.7, 76.3,
76.1,75.7,37.3,31.1, 30.9, 30.7, 28.6, 23.5, 23.5, 22.9, 22.2, 10.9, 10.8, 9.7, 9.7 (Due
to C-P coupling and the complexity of the spectrum, doublets in the aromatic region
cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): & 26.5;

HRMS (ESI-TOF) calculated for Ce9HesCl2OsPNa', [M+Na]™ 1097.3839, found
1097.3842.
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3w: R = 2-naphthyl

Physical state: white foam,;

Yield: 77% (84.9 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 202-205 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 20% ‘PrOH in "hexane, 1 mL/min, A
=254 nm), tz (major) = 22.41 min, tz (minor) = 12.98 min;

[a]5: 54.0 (c 0.2, CHCl3);

'TH NMR (400 MHz, CDCl3): § 8.29 (d, J = 13.4 Hz, 1H), 8.00 — 7.91 (m, 2H), 7.87 —
7.79 (m, 2H), 7.73 — 7.65 (m, 3H), 7.58 — 7.45 (m, 6H), 7.41 (t, J=7.4 Hz, 1H), 7.38 —
7.28 (m, 4H), 7.26 — 7.13 (m, 5H), 7.09 (d, J = 7.1 Hz, 1H), 6.97 (t, J= 7.4 Hz, 1H),
6.86 (t, J=17.5 Hz, 1H), 6.36 — 6.27 (m, 2H), 6.16 — 6.07 (m, 2H), 5.89 (t, J = 6.2 Hz,
2H), 4.46 — 4.33 (m, 3H), 3.97 — 3.82 (m, 4H), 3.67 — 3.56 (m, 3H), 3.19 — 2.98 (m,
6H), 2.86 (dt,J=8.8, 6.3 Hz, 1H), 2.50 (d, /= 14.4 Hz, 1H), 1.90 — 1.79 (m, 4H), 1.54
—1.45 (m, 2H), 1.43 — 1.33 (m, 2H), 1.09 (t, /= 7.4 Hz, 3H), 0.88 (t, /= 7.4 Hz, 3H),
0.80 (t, J=17.5 Hz, 3H), 0.64 (t,J=7.5 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 4 158.6, 158.4, 155.1, 155.0, 149.7, 149.6, 144.7, 142.9,
141.3,137.7,137.6,135.6, 134.7, 134.6, 134.6, 134.2, 134.1, 134.1, 133.7, 133.6, 133.5,
133.3,133.0,133.0, 132.7,132.6, 132.6, 132.5, 132.4,132.3, 132.2, 132.1, 132.0, 131.7,
131.6,131.0,130.1, 130.0, 129.5, 129.2, 129.1, 128.8, 128.5, 128.2, 128.0, 128.0, 127.9,
127.7,127.5,127.4,127.2,127.1,127.1,127.0, 127.0, 126.9, 126.8, 126.7, 126.2, 125.2,
124.8, 124.5, 122.9, 122.5, 121.6, 76.8, 76.5, 76.2, 75.7, 37.3, 31.3, 31.2, 30.8, 28.9,
23.7,23.5,23.1,22.3, 11.0, 10.8, 9.9, 9.8 (Due to C-P coupling and the complexity of
the spectrum, doublets in the aromatic region cannot be assigned and they are listed as
singlets);

3P NMR (162 MHz, CDCl3): 8 27.7,

HRMS (ESI-TOF) calculated for C77H710sPNa’, [M+Na]® 1129.4931, found
1129.4936.
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3x: R = 2-thienyl

Physical state: white foam,;

Yield: 35% (36.1 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: 151-153 °C;

HPLC: 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 27.15 min, tz (minor) = 8.86 min,;

[a]s: 125.1 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCl3): 4 7.90 (d, J= 8.2 Hz, 1H), 7.85 (d, J = 8.5 Hz, 1H), 7.71
—7.60 (m, 2H), 7.56 (d, /= 7.1 Hz, 1H), 7.50 (t, /= 7.4 Hz, 1H), 7.40 (dd, J=7.0, 3.2
Hz, 1H), 7.35 (t,/=4.1 Hz, 1H), 7.27 - 7.22 (m, 2H), 7.20 — 7.11 (m, 3H), 7.11 — 7.02
(m, 3H), 6.88 (t, /= 7.4 Hz, 1H), 6.82 (dd, J= 7.4, 3.1 Hz, 1H), 6.68 (s, 1H), 6.27 —
6.16 (m, 2H), 6.01 (d,J=7.0 Hz, 1H), 5.92 (t,J=7.6 Hz, 1H), 5.69 (d, /= 7.4 Hz, 1H),
5.45 (d, J=17.5 Hz, 1H), 4.38 —4.22 (m, 3H), 4.11 (d, J=22.0 Hz, 1H), 3.95 (d, J =
22.0 Hz, 1H), 3.90 — 3.80 (m, 2H), 3.61 — 3.48 (m, 3H), 3.12 — 2.95 (m, 5H), 2.85 (q, J
=6.7 Hz, 1H), 2.70 (d, /= 14.4 Hz, 1H), 2.34 (d, /= 14.4 Hz, 1H), 1.83 — 1.73 (m, 4H),
1.60 — 1.50 (m, 2H), 1.39 — 1.28 (m, 2H), 1.04 (t, /= 7.4 Hz, 3H), 0.98 (t, /= 7.3 Hz,
3H), 0.76 (t,J=7.4 Hz, 3H), 0.60 (t, /= 7.4 Hz, 3H);

13C NMR (150 MHz, CDCl3): § 158.5, 158.4, 155.0, 154.7, 149.3, 149.2, 145.0, 143.0,
141.3,137.7,137.6,137.5,136.5, 136.5, 136.4, 136.3, 136.2, 135.7, 135.5, 135.4, 134.7,
134.2,133.7,133.6, 133.6,133.2, 132.9,132.9, 132.8, 132.4, 132.3, 132.3, 132.1, 132.0,
131.8,129.6,129.0, 129.0, 128.9, 128.8, 128.7, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0,
127.4,127.2,127.1,127.1, 126.9, 126.4, 125.4, 125.0, 124.4, 122.4, 122.4, 121.6, 76.8,
76.4,76.2,75.8,37.5,31.2,31.0, 30.8, 28.6, 23.6, 23.6, 23.0, 22.3, 11.0, 10.9, 9.9, 9.8.
(Due to C-P coupling and the complexity of the spectrum, doublets in the aromatic
region cannot be assigned and they are listed as singlets);

3P NMR (243 MHz, CDCl3): & 14.4;

HRMS (ESI-TOF) calculated for CssHe4OsPS2*, [M+H]" 1019.3927, found 1019.3924.
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Physical state: white foam,;

Yield: 81% (71.2 mg), d.r. = 8.3:1 (determined by *'P NMR), the diastereoisomers were
separable;

Ry= 0.4 (DCM:MeOH = 40:1);

Melting point: 146-149 °C;

HPLC: > 99% e.e. (Daicel chiralpak AD-H column, 10% ‘PrOH in "hexane, 1 mL/min,
A =320 nm), tr (major) = 8.06 min;

[a]s : 265.2 (¢ 0.2, CHCl3);

'"H NMR (400 MHz, CDCl3): & 8.14 (dd, J = 11.0, 8.7 Hz, 1H), 8.00 (dd, /= 8.7, 1.4
Hz, 1H), 7.93 (d,J=8.2 Hz, 1H), 7.72 (dd, /= 6.6, 2.0 Hz, 1H), 7.51 (ddd, J= 8.0, 6.7,
1.2 Hz, 1H), 7.45 — 7.38 (m, 2H), 7.31 (s, 1H), 7.24 (s, 1H), 7.21 — 7.16 (m, 1H), 7.08
—7.00 (m, 2H), 6.86 (t,J= 7.4 Hz, 1H), 6.20 — 6.12 (m, 2H), 5.98 (dd, /= 7.0, 2.2 Hz,
1H), 5.83 (t, /= 7.6 Hz, 1H), 5.64 (d, /= 7.1 Hz, 1H), 5.22 (d, J = 6.9 Hz, 1H), 4.31
(dd, J=13.3, 7.0 Hz, 2H), 4.25 — 4.17 (m, 2H), 4.05 (d, /= 22.3 Hz, 1H), 3.85 - 3.78
(m, 2H), 3.59 — 3.47 (m, 3H), 3.22 (dt, /= 8.7, 6.8 Hz, 1H), 3.17 — 3.03 (m, 3H), 2.99
—2.89 (m, 2H), 2.47 - 2.31 (m, 2H), 1.83 — 1.72 (m, 4H), 1.67 — 1.56 (m, 2H), 1.42 (d,
J=13.1 Hz, 3H), 1.35 — 1.25 (m, 5H), 1.05 (dt, J = 14.6, 7.4 Hz, 6H), 0.75 (t, J="7.5
Hz, 3H), 0.60 (t, /= 7.4 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 8 158.4, 158.4, 155.1, 154.8, 146.5, 146.4, 145.8, 143.1,
140.5,137.6,137.5,137.5,136.3, 134.5, 134.5, 133.9,133.7, 133.4, 133.2, 132.7, 132.6,
132.6,132.5,131.7,131.6,130.9, 130.0, 129.1, 128.7, 128.1, 128.0, 127.9, 127.8, 127.5,
126.9, 126.9, 126.7, 125.9, 125.8, 125.7, 124.8, 122.3, 122.2, 121.6, 76.8, 76.4, 76.3,
75.9,37.6,31.2,30.9, 30.7, 28.2, 23.6, 23.0, 22.2, 20.3, 19.6, 19.1, 18.3, 11.0, 9.8, 9.8
(Due to C-P coupling and the complexity of the spectrum, doublets in the aromatic
region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): & 36.7;

HRMS (ESI-TOF) calculated for CsoHe4OsP", [M+H]" 883.4486, found 883.4485.
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Physical state: white foam,;

Yield: 60% (65.4 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.4 (PE:EtOAc =2:1);

Melting point: >300 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 90% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 30.19 min;

[a]5 -major: 243.1 (c 0.2, CHCls);

'"H NMR (400 MHz, CDCl3): 8 7.78 (dd, J = 8.7, 2.5 Hz, 2H), 7.63 — 7.55 (m, 3H),
7.49 (dd, J=11.9, 8.6 Hz, 1H), 7.46 — 7.38 (m, 3H), 7.29 (s, 1H), 7.26 — 7.19 (m, 4H),
7.17 (t,J=17.5 Hz, 1H), 7.13 — 7.08 (m, 3H), 7.02 (t, J = 7.5 Hz, 1H), 6.95 — 6.89 (m,
3H), 6.31 — 6.20 (m, 2H), 6.03 (dd, J= 6.9, 2.3 Hz, 1H), 6.00 (t, /= 7.6 Hz, 1H), 5.77
(d,J=7.2 Hz, 1H), 5.60 (d, J= 7.1 Hz, 1H), 4.37 (dd, J=13.3, 9.2 Hz, 2H), 4.29 (d, J
=13.5 Hz, 1H), 4.00 — 3.83 (m, 4H), 3.66 — 3.58 (m, 3H), 3.22 — 3.05 (m, 5H), 2.87 (dt,
J=28.8, 6.4 Hz, 1H), 2.80 (d, J = 14.4 Hz, 1H), 2.47 (d, J= 14.3 Hz, 1H), 1.88 — 1.76
(m, 6H), 1.60 — 1.51 (m, 2H), 1.50 — 1.39 (m, 2H), 1.07 (t, /= 7.4 Hz, 3H), 0.97 (t, J =
7.4 Hz, 3H), 0.79 (t, J= 7.5 Hz, 3H), 0.72 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): § 158.5, 158.4, 155.1, 154.8, 148.6, 148.6, 145.2, 142.7,
140.9,137.7,137.6,135.9,134.8, 134.2, 134.2, 134.1, 133.5, 133.2, 133.1, 133.1, 133.0,
133.0,132.8,132.8,132.7,131.9,131.9,131.8, 131.8,131.8, 131.6, 131.5, 131.5, 131.5,
131.3,130.7,130.7, 130.6, 130.6, 130.4, 130.0, 129.6, 129.1, 129.0, 128.9, 128.4, 128 4,
127.9,127.8,127.4,127.2,126.9, 126.8, 126.8, 125.6, 125.3, 124.7,122.6, 122.4, 121.6,
121.4,76.9, 76.4, 76.3, 75.8, 37.4, 31.2, 31.1, 31.0, 28.9, 23.7, 23.6, 23.1, 22.4, 11.0,
11.0, 9.9, 9.9 (Due to C-P coupling and the complexity of the spectrum, doublets in the
aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.8;

HRMS (ESI-TOF) calculated for CeoHe7BrOsP*, [M+H]" 1087.3904, found 1087.3904.
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Physical state: white foam,;

Yield: 68% (61.4 mg), d.r. = 11:1 (determined by '"H NMR), the diastereoisomers were
separable;

Ry= 0.5 (PE:EtOAc = 20:1);

Melting point: 119-121 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 1% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 6.71 min;

[a]s : 233.3 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCl3): & 7.97 — 7.89 (m, 3H), 7.68 (d, J = 7.3 Hz, 1H), 7.50 (t,
J =174 Hz, 1H), 7.40 — 7.29 (m, 3H), 7.23 — 7.16 (m, 2H), 7.12 (d, J = 7.1 Hz, 1H),
7.07 (d,J=7.2 Hz, 1H), 6.91 (t,J = 7.4 Hz, 1H), 6.30 — 6.21 (m, 2H), 6.06 (t, J=5.5
Hz, 1H), 5.90 (t, /= 7.6 Hz, 1H), 5.70 (d, J = 7.4 Hz, 1H), 5.45 (d, J = 7.4 Hz, 1H),
4.38 (t,J=12.9 Hz, 2H), 4.32 — 4.19 (m, 2H), 4.09 (d, J = 22.1 Hz, 1H), 3.95 — 3.83
(m, 2H), 3.69 — 3.56 (m, 3H), 3.27 (q,J=7.1 Hz, 1H), 3.14 (dd, J=13.4, 5.6 Hz, 2H),
3.09 —2.97 (m, 3H), 2.84 (d, /= 14.4 Hz, 1H), 2.32 (d, /= 14.3 Hz, 1H), 1.90 — 1.78
(m, 4H), 1.69 — 1.60 (m, 2H), 1.43 — 1.34 (m, 2H), 1.16 — 1.06 (m, 15H), 0.81 (t, J =
7.4 Hz, 3H), 0.65 (t, J = 7.4 Hz, 3H);

I3C NMR (100 MHz, CDCl3): § 168.7, 158.5, 158.4, 155.1, 154.7, 145.1, 143.4, 142.5,
141.2,137.6,137.5,137.1,135.6, 134.7,134.5, 134.3,133.9, 133.3, 133.0, 132.7, 131.3,
130.6,130.2,129.1, 128.7,128.0, 127.7,127.4, 127.3,127.0, 126.7, 126.6, 126.5, 126.2,
125.8, 124.5, 124.1, 122.3, 121.9, 121.6, 81.6, 76.8, 76.4, 76.2, 76.0, 37.5, 31.2, 31.0,
30.8, 28.5,27.7,23.7, 23.6, 23.0, 22.2, 11.0, 10.9, 9.9, 9.8;

HRMS (ESI-TOF) calculated for Ce2H70NOs ", [M+NH4]" 924.5198, found 924.5194.

]
r "Pr "Pr "Il’r

3B-major
Physical state: white foam;
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Yield: 82% (77.1 mg);

Ry= 0.6 (PE:EtOAc = 2:1);

Melting point: 150-153 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 10% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 17.59 min;

[a]s: 193.2 (c 0.2, CHCl3);

'TH NMR (400 MHz, CDCl3, 60 °C): 4 7.92 (d, J= 7.4 Hz, 1H), 7.80 (s, 1H), 7.71 (d, J
=7.4 Hz, 1H), 7.66 — 7.34 (m, 5H), 7.34 — 7.28 (m, 3H), 7.26 — 7.12 (m, 4H), 7.10 (dd,
J=7.3,13Hz, 1H), 7.05 (dd,J=7.4, 1.3 Hz, 1H), 6.89 (t,/J=7.4 Hz, 1H), 6.24 - 6.15
(m, 2H), 6.04 (dd, J = 7.0, 2.1 Hz, 1H), 5.87 (t, J = 6.7 Hz, 1H), 5.67 (d, /= 7.3 Hz,
1H), 5.43 (s, 1H), 4.42 (d, J= 5.1 Hz, 1H), 4.39 (d, J= 5.3 Hz, 1H), 4.30 (d, /= 13.6
Hz, 1H), 4.22 (d,J=22.0 Hz, 1H), 4.08 (d, /= 22.1 Hz, 1H), 3.98 — 3.86 (m, 2H), 3.68
—3.59 (m, 3H), 3.43 — 2.91 (m, 9H), 2.73 (s, 1H), 2.36 (s, IH), 1.91 — 1.80 (m, 4H),
1.72 (h, J=17.3, 6.8 Hz, 2H), 1.49 (s, 2H), 1.13 (dt, J = 17.9, 7.4 Hz, 6H), 0.84 (t, J =
7.5 Hz, 3H), 0.74 (t, J = 6.9 Hz, 3H);

I3C NMR (100 MHz, CDCls, 60 °C): & 158.6, 158.5, 155.2, 154.8, 145.7, 144.1, 143 4,
141.3,137.7,137.5,135.8,134.7, 134.4,133.6, 133.3,132.9, 132.7, 131.9, 129.2, 129.2,
128.7,128.1,127.8,127.6,127.1, 126.8, 126.7, 126.6, 126.4, 126.0, 125.9, 124.9, 124.6,
122.4,122.3,121.6,76.9,76.4,76.2,76.0,39.6,37.7,31.4,31.1, 30.8, 28.7, 23.8, 23.7,
23.1,22.6,11.0,11.0,9.9,9.9;

HRMS (ESI-TOF) calculated for CesHssNOsNa*, [M+Na]" 962.4755, found 962.4757;

3B-minor

Physical state: white foam;

Yield: 13% (12.8 mg);

Ry= 0.7 (PE:EtOAc = 2:1);

Melting point: 148-151 °C;

HPLC: > 99% e.e. (Daicel chiralpak IA column, 3% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 6.58 min;

[a]5: -151.1 (¢ 0.2, CHCl3);

'TH NMR (400 MHz, CDCl3, 60 °C): & 7.94 (s, 1H), 7.88 (d, /= 8.4 Hz, 1H), 7.75 (d, J
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= 8.2 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 7.4 Hz, 1H), 7.38 — 7.27 (m, 2H),
7.25 - 7.18 (m, 1H), 7.14 (s, 1H), 7.10 — 6.90 (m, SH), 6.86 (t, J= 7.4 Hz, 1H), 6.81 —
6.25 (m, 3H), 6.25 — 6.12 (m, 2H), 6.01 (dd, J = 6.6, 2.2 Hz, 1H), 5.77 (t, J = 7.6 Hz,
1H), 5.61 (d, J= 7.4 Hz, 1H), 5.25 (d, J= 7.1 Hz, 1H), 4.48 (d, J = 13.3 Hz, 1H), 4.42
(d, J= 132 Hz, 1H), 4.25 (d, J = 13.6 Hz, 1H), 4.16 (d, J = 21.9 Hz, 1H), 4.07 — 3.87
(m, SH), 3.71 — 3.60 (m, 2H), 3.24 — 3.03 (m, 3H), 3.02 — 2.70 (m, 5H), 2.62 (d, J =
11.7 Hz, 1H), 2.48 — 2.35 (m, 1H), 2.10 — 1.91 (m, 2H), 1.90 — 1.78 (m, 4H), 1.60 —
1.50 (m, 2H), 1.10 (t, J= 7.4 Hz, 3H), 1.03 (t, /= 7.4 Hz, 3H), 0.92 (t, J = 6.8 Hz, 3H),
0.83 (t, J=7.5 Hz, 3H);

13C NMR (100 MHz, CDCls, 60 °C): 5 170.1, 158.7, 158.6, 155.3, 154.9, 146.0, 143.2,
141.0, 138.7, 137.7, 137.6, 136.8, 136.0, 134.7, 134.6, 134.5, 134.4, 133.3, 132.7, 132.4,
132.1,131.8,131.2, 129.1, 128.8, 128.3, 127.7, 127.4, 127.2, 127.0, 126.7, 126.6, 126.1,
125.8, 125.7, 125.3, 125.2, 124.4, 124.2, 122.3, 121.8, 121.5, 77.0, 76.4, 75.7, 37.7,
31.4,31.2,31.1,28.1,23.7,23.6,23.2, 23.1, 11.0, 11.0, 10.2, 10.0.

HRMS (ESI-TOF) calculated for CosHesNOs™, [M+H]" 940.4936, found 940.4935.

\
o 0 9 o
by "Pr "Pr npy

3C-major

Physical state: white foam;

Yield: 76% (69.0 mg);

Rys= 0.4 (PE:EtOAc = 2:1);

Melting point: 146-148 °C;

HPLC: >99% e.e. (Daicel chiralpak IB N-5 column, 10% ‘PrOH in "hexane, 1 mL/min,
A =254 nm), tr (major) = 18.24 min;

[a]s: 221.1 (¢ 0.2, CHCl3);

TH NMR (400 MHz, CDCl3): 8 7.94 (dd, J = 11.5, 8.4 Hz, 2H), 7.64 (d, J = 7.4 Hz,
1H), 7.60 — 7.42 (m, 3H), 7.42 — 7.35 (m, 2H), 7.32 (s, 1H), 7.18 (t, J= 7.7 Hz, 1H),
7.09 (d,J=7.3 Hz, 1H), 7.04 (d, /= 7.4 Hz, 1H), 6.88 (t, J= 7.4 Hz, 1H), 6.19 (q, J =
7.2 Hz, 2H), 6.01 (dd, J=6.7, 2.3 Hz, 1H), 5.82 (t,J= 7.6 Hz, 1H), 5.64 (d, J= 7.4 Hz,
1H), 5.17 (s, 1H), 4.36 (d, /= 13.3 Hz, 2H), 4.29 — 4.14 (m, 2H), 4.06 (d, J = 22.2 Hz,
1H), 3.93 - 3.79 (m, 2H), 3.65 — 3.48 (m, 4H), 3.38 —3.27 (m, 1H), 3.21 (q, J= 7.0 Hz,

1H), 3.15 — 2.94 (m, 6H), 2.84 (s, 1H), 2.34 (d, J = 11.0 Hz, 2H), 1.88 — 1.76 (m, 4H),
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1.76 — 1.57 (m, 4H), 1.57 — 1.38 (m, 4H), 1.14 (t, /= 7.4 Hz, 3H), 1.07 (t, /= 7.4 Hz,
3H), 0.79 (t,J = 7.5 Hz, 3H), 0.74 (t, J = 7.4 Hz, 3H);

13C NMR (100 MHz, CDCl3): § 170.0, 158.5, 158.4, 155.0, 154.7, 145.3, 142.7, 141.1,
137.5,137.5,137.4,135.9,134.8, 134.4, 134.0, 133.6, 133.3,132.9, 132.8, 132.0, 131.3,
130.9,129.0, 128.7, 128.4, 128.2, 127.6, 127.4,126.9, 126.7, 126.5, 126.4, 126.1, 126.0,
125.4,124.8, 124.6, 122.2, 121.9, 121.5, 76.8, 76.3, 76.2, 75.8, 48.3, 46.1, 37.6, 31.2,
30.9, 30.7, 28.8, 25.9, 24.0, 23.7, 23.6, 23.0, 22.6, 11.0, 11.0, 9.8, 9.8;

HRMS (ESI-TOF) calculated for Cs2HssNOsNa*, [M+Na]* 926.4759, found 926.4755.

3C-minor

Physical state: white foam,;

Yield: 14% (12.6 mg);

Ry=0.5 (PE:EtOAc =2:1);

Melting point: 142-145 °C;

HPLC: > 99% e.e. (Daicel chiralpak IB N-5 column, 10% ‘PrOH in "hexane, 1 mL/min,
A =254 nm), tr (major) = 13.24 min;

[a]5: -100.9 (c 0.2, CHCl3);

'"H NMR (400 MHz, CDCls): 8 8.05 (d, J= 8.4 Hz, 1H), 7.87 (d, J = 8.4 Hz, 1H), 7.77
(d,/=8.1Hz, 1H), 7.61 (dd,J=5.4,2.9 Hz, 1H), 7.44 (d, J= 8.4 Hz, 1H), 7.36 — 7.30
(m, 3H), 7.28 (s, 1H), 7.23 (t, /= 7.6 Hz, 1H), 7.08 (d, J= 7.1 Hz, 1H), 7.02 (d, J="7.3
Hz, 1H), 6.87 (t, J= 7.4 Hz, 1H), 6.20 — 6.12 (m, 2H), 5.99 (dd, J = 6.7, 2.2 Hz, 1H),
5.80 (t,J=17.6 Hz, 1H), 5.64 (d, /= 7.4 Hz, 1H), 5.29 (d, /= 7.4 Hz, 1H), 4.40 (d, J =
5.5 Hz, 1H), 437 (d, J=5.4 Hz, 1H), 4.21 (d, J=13.5 Hz, 1H), 4.12 (d, J = 22.0 Hz,
1H), 3.99 (d, J = 22.1 Hz, 1H), 3.94 — 3.73 (m, 4H), 3.61 (t, J = 6.7 Hz, 2H), 3.15 —
2.84 (m, 9H), 2.78 (d, J = 14.1 Hz, 1H), 2.21 (q, J = 6.6, 6.2 Hz, 1H), 2.01 — 1.75 (m,
6H), 1.63 — 1.38 (m, 6H), 1.08 (t, /= 7.4 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H), 0.81 (dt, J
=15.0, 7.5 Hz, 6H);

13C NMR (100 MHz, CDCl3): 8 168.5, 158.4, 158.4, 155.1, 154.6, 146.2, 141.0, 137.6,
137.5,135.7,135.5,134.2,133.9, 133.7,133.3, 133.1, 132.8, 132.3, 132.2, 131.8, 129.0,
128.8,127.8,127.8,127.6,127.4,127.1,126.5, 126.5, 126.1, 124.9, 124.9, 124.4, 123.9,

122.2,121.7,121.6,76.5, 76.4,75.6, 48.1, 48.0,45.3,37.6, 31.1, 31.0, 30.9, 27.6, 26.0,
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24.3,23.7,23.5,23.1,23.0, 11.0, 11.0, 9.9, 9.9;
HRMS (ESI-TOF) calculated for C Cs2HssNOs", [M+H]* 904.4936, found 904.4931.

Physical state: white foam,;

Yield: 24% (23.4 mg), > 19:1 d.r. (determined by 'H NMR);

Ry=0.7 (PE:EtOAc = 5:1);

Melting point: 136-138 °C;

HPLC: > 99% e.e. (Daicel chiralpak IC column, 10% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 33.31 min;

[a]5: 63.7 (¢ 0.2, CHCl3);

'"H NMR (400 MHz, CDCls): 8 8.15 (t, J = 7.2 Hz, 2H), 8.01 — 7.87 (m, 3H), 7.62 —
7.50 (m, 2H), 7.50 — 7.40 (m, 2H), 7.24 (d, J = 28.3 Hz, 3H), 6.72 — 6.50 (m, 9H), 6.35
(d,J=5.2Hz, 2H), 4.55-4.35 (m, 4H), 3.97 - 3.79 (m, 9H), 3.67 (d, J=15.7 Hz, 1H),
3.22 —3.04 (m, 4H), 2.27 (s, 3H), 1.93 (dq, J = 13.9, 6.8 Hz, 8H), 1.01 (t, /= 7.2 Hz,
12H);

I3C NMR (100 MHz, CDCl3): 8 157.0, 156.7, 156.6, 155.1, 142.4, 142.2, 142.0, 139.6,
137.9,137.2,136.0, 135.6,135.5, 135.3,135.3, 135.2,135.1, 135.1, 135.1, 135.0, 134 .4,
133.3,132.3,132.0, 130.7, 128.7, 128.7, 128.6, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2,
128.2, 128.2, 128.1, 128.1, 127.2, 127.2, 125.6, 122.2, 122.0, 121.7, 121.0, 76.9, 76.9,
76.8,39.8,31.2,31.1,31.1,23.4,23.4,23.4,21.5,10.5, 10.5;

HRMS (ESI-TOF) calculated for CssHssNOsS ", [M+NH4]" 978.4762, found 978.4766.

Physical state: white foam;
Yield: 24% (20.3 mg, 0.1 mmol scale), d.7. = 6:1 (determined by '°F NMR);
Ry= 0.4 (PE:EtOAc = 20:1);
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Melting point: 170-172 °C;

HPLC: > 99% e.ce. (Daicel chiralpak IE column, 2% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 6.39 min;

[@]25 D: 184.7 (c 0.2, CHCl3);

'"H NMR (400 MHz, CDCl3): § 7.62 (dd, J=7.6, 1.4 Hz, 1H), 7.47 (dd, J= 7.8, 1.5 Hz,

1H), 7.38 (t, J= 7.7 Hz, 1H), 7.31 (s, 1H), 7.26 — 7.22 (m, 1H), 7.12 (dd, J=17.5, 1.7

Hz, 1H), 7.07 (dd, J= 7.5, 1.7 Hz, 1H), 6.91 (t, /= 7.4 Hz, 1H), 6.69 (dd, J=9.7, 2.6
Hz, 1H), 6.25 — 6.15 (m, 2H), 6.05 (dd, J= 7.3, 2.1 Hz, 1H), 5.95 (t, /= 7.6 Hz, 1H),

5.74 (d,J=17.3 Hz, 1H), 5.53 (d,J=7.3 Hz, 1H), 4.43 (d,/J=5.2 Hz, 1H), 4.40 (d, J =
4.9 Hz, 1H), 4.33 (d, /= 13.5 Hz, 1H), 4.13 (d, /= 22.3 Hz, 1H), 4.03 — 3.90 (m, 4H),

3.76 (td, J=10.9, 5.7 Hz, 1H), 3.64 (t, J = 6.7 Hz, 2H), 3.42 (s, 3H), 3.34 (dt, J=09.1,

6.7 Hz, 1H), 3.20 — 3.10 (m, 3H), 3.08 —2.99 (m, 3H), 2.29 - 2.17 (m, 2H), 1.96 — 1.78

(m, 6H), 1.67 (q, J= 7.0 Hz, 2H), 1.08 (dt, /= 10.4, 7.4 Hz, 6H), 0.90 — 0.77 (m, 9H);

13C NMR (100 MHz, CDCls): § 168.9, 161.1 (d, J = 246.0 Hz), 158.9, 158.5, 155.1,

154.8, 147.7 (d, J = 8.7 Hz), 143.3, 142.9, 140.7, 137.9 (d, J = 2.4 Hz), 137.6, 137.5,

137.2 (d, J=1.7 Hz), 136.4 (d, J = 8.0 Hz), 135.6, 134.7, 133.5, 133.4, 132.9, 132.7,

132.0,131.2,129.1, 128.8,127.8, 127.6, 127.0, 126.7, 126.4, 124.9, 122.3,122.1, 121.7,
115.9 (d, J=22.2 Hz), 110.9 (d, J = 21.5 Hz), 76.9, 76.8, 76.6, 76.1, 52.0, 37.7, 37.7,

31.3,31.0, 30.9, 28.1, 26.0, 23.7, 23.7, 23.1, 22.8, 14.3, 11.0, 10.9, 10.1, 10.0;

1“F NMR (376 MHz, CDCl3): & -118.4;

HRMS (ESI-TOF) calculated for Cs7Hs1FOsNa', [M+Na]" 883.4344, found 883.4347.
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5. Scale-up reaction and derivatizations of 3¢

5.1 Scale-Up Reaction

Pd(OPiv) (10 mol%)
TFP (10 mol%)
PivOH (30 mol%)

NBE"™ (30 mol%)
Cs,CO03 (2.0 equiv)
toluene (0.05 M), 80 °C, 24 h

1b 2b 3c
1.5 mmol, 1.0 equiv 2.4 mmol, 1.6 equiv

To a 50 mL of oven-dried flask equipped with a magnetic stir bar was charged with 1b
(1.21 g, 1.5 mmol, 1.0 equiv), Pd(OPiv)2 (46.3 mg, 0.15 mmol, 10 mol%), TFP (34.8
mg, 0.15 mmol, 10 mol%), NBE! (74.7 mg, 0.45 mmol, 30 mol%), Cs2CO3(977.4 mg,
3.0 mmol, 2.0 equiv), 2b (974.4 mg, 2.4 mmol, 1.6 equiv) and dry toluene (30 mL)
under Ar. Then the reaction was stirred at 80 °C for 24 h. After cooling to r.t., the mixture
was filtered through a thin pad of celite eluting with ethyl acetate (10 mL), and the
combined filtrate was concentrated in vacuo. The residue was purified by column
chromatography on silica gel to give the desired product 3¢ (1.1 g, 76% yield, e.e. >
99%, d.r. >19:1). The NBE!" was recovered in 88% yield (determined by GC analysis).

5.2 Synthesis of 4

HSICl3 (10.0 equiv)
Et3N (10.0 equiv)

toluene, 120 °C

3c
0.1 mmol, 1.0 equiv

To a dried Schlenk flask charged with 3¢ (100.6 mg, 0.1 mmol, 1.0 equiv) in dry toluene
(1 mL) was added EtsN (139 pL, 1.0 mmol, 10 equiv) and HSiCl3 (101 pL, 1.0 mmol,
10 equiv) successively under argon at 0 °C. The resulting mixture was stirred at 105 °C
for 3 h. After cooled to 0 °C, it was diluted by EtOAc (5 mL), quenched with small
amounts of saturated Na2COs3 solution. The resulting suspension was filtered by a short
celite column, and washed with EtOAc. The filtrate was dried over anhydrous Na2SOs,
filtered, concentrated, and the residue was purified by flash chromatography on silica

gel to afford the desired phosphine 4.
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Physical state: white foam,;

Yield: 81% (80.6 mg), > 19:1 d.r. (determined by *'P NMR);

Ry= 0.6 (PE:EtOAc =20:1);

Melting point: 133-136 °C;

HPLC: > 99% e.e. (Daicel chiralpak IB N-5 column, 1% ‘PrOH in "hexane, 1 mL/min,
A =254 nm), tr (major) = 7.53 min;

[a]s -major: 170.0 (¢ 0.2, CHCl3);

'TH NMR (600 MHz, CDCl3): § 7.91 (d, J= 8.2 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.69
(d,J=7.4 Hz, 1H), 7.53 — 7.45 (m, 3H), 7.45 —7.39 (m, 3H), 7.37 (s, 1H), 7.35 - 7.30
(m, 2H), 7.20 (t, J= 7.7 Hz, 1H), 7.17 — 7.11 (m, 3H), 7.03 (t, /= 7.1 Hz, 1H), 6.99 —
6.92 (m, 2H), 6.74 — 6.63 (m, 4H), 6.28 (d, J = 4.7 Hz, 2H), 6.07 (t, /= 4.6 Hz, 1H),
6.03 (t,J=7.6 Hz, 1H), 5.84 (d, J= 7.5 Hz, 1H), 5.61 (d, /= 7.5 Hz, 1H), 4.41 (t,J =
13.1 Hz, 2H), 4.33 — 4.24 (m, 2H), 4.12 (d, /= 22.1 Hz, 1H), 3.90 (t, /= 8.2 Hz, 2H),
3.66 (t,J= 6.6 Hz, 2H), 3.60 (td, J=11.0, 5.3 Hz, 1H), 3.19 — 3.09 (m, 4H), 2.93 (q, J
= 6.8 Hz, 1H), 2.80 (d, /= 14.6 Hz, 1H), 2.66 (q, J= 6.6 Hz, 1H), 2.49 (d, /= 14.5 Hz,
1H), 1.92 — 1.82 (m, 4H), 1.55 — 1.48 (m, 2H), 1.45 — 1.35 (m, 2H), 1.11 (t, /= 7.4 Hz,
3H), 0.93 (t,J=7.4 Hz, 3H), 0.82 (t, /= 7.5 Hz, 3H), 0.68 (t, J = 7.4 Hz, 3H);

13C NMR (150 MHz, CDClz): § 158.4, 158.4, 155.0, 154.8, 150.7, 150.5, 145.5, 142.5,
141.4,139.4,139.3,137.8,137.8, 137.7,137.6, 137.5, 135.7, 134.8, 134.1, 134.0, 134.0,
133.9,133.8,133.7,133.6, 133.5, 133.3,133.3, 133.2,132.9, 132.7, 132.4, 132.3, 132.1,
132.1,131.8,131.7,128.9, 128.7, 128.7, 128.6, 128.5, 128.1, 128.1, 127.9, 127.8, 127.7,
127.6,127.6,127.4,127.1,126.9, 126.8, 126.5, 126.4, 125.1, 125.0, 124.5, 122.6, 122 4,
121.6, 76.8, 76.4, 76.3, 75.8, 37.7, 31.2, 31.0, 30.7, 28.3, 23.7, 23.5, 23.0, 22.3, 11.0,
10.8, 9.9, 9.9 (Due to C-P coupling and the complexity of the spectrum, doublets in the
aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § —14.5;

HRMS (ESI-TOF) calculated for CesHesO4P", [M+H]" 991.4850, found 991.4853.
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5.3 Synthesis of 5

"BuLi (1.3 equiv), BnBr (1.5 equiv)

THF, -60 °C to r.t.

0.1 mmol, 1.0 equiv

To a dried Schlenk flask, "BuLi (52 pL, 2.5 M in hexane, 0.13 mmol, 1.3 equiv) was
added at -60 °C to a solution of 3¢ (100.6 mg, 0.1 mmol, 1.0 equiv) in dry THF (1 mL).
The solution immediately turned brownish and was stirred for 1.0 h at r.t.. After cooling
to -60 °C again, the reaction mixture was quenched with BnBr (18 pL, 0.15 mmol, 1.5
equiv), stirred for 10 min at -60 °C, then for an additional 2 h at r.t.. Water was added
to the reaction mixture which was then extracted with EtOAc. The combined organic
phases were dried over MgSOa. After filtration, the crude product was purified by

column chromatography on silica gel to give the desired product 5.

Physical state: white foam;

Yield: 53% (57.7 mg), > 19:1 d.r. (determined by 3'P NMR);

Ry= 0.5 (PE:EtOAc = 2:1);

Melting point: 127-130 °C;

HPLC: > 99% e.e. (Daicel chiralpak IC column, 20% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 16.52 min;

[a]5 -major: -121.1 (c 0.2, CHCl3);

'TH NMR (400 MHz, CDCls): 8 7.90 (d, J= 8.1 Hz, 1H), 7.83 (dd, /= 8.7, 1.7 Hz, 1H),
7.64 —7.47 (m, 4H), 7.43 —7.27 (m, 9H), 7.24 — 7.09 (m, 8H), 7.01 (t, /= 7.5 Hz, 1H),
6.98 — 6.90 (m, 3H), 6.75 (s, 1H), 6.29 (t, J = 7.6 Hz, 1H), 6.13 (d, J = 7.0 Hz, 1H),
6.07—-5.99 (m, 2H), 5.76 (d,J= 7.3 Hz, 1H), 5.43 (d,J="7.3 Hz, 1H),4.35(d,J=13.2
Hz, 1H), 4.29 (d, J=13.5 Hz, 1H), 4.22 (d, J=13.3 Hz, 1H), 4.16 (t, /= 7.2 Hz, 1H),
3.91 -3.79 (m, 2H), 3.59 — 3.45 (m, 3H), 3.24 (dd, J = 13.6, 7.2 Hz, 1H), 3.19 — 3.06
(m, 4H), 2.98 — 2.88 (m, 3H), 2.80 (d, /= 14.5 Hz, 1H), 2.40 (d, /= 14.5 Hz, 1H), 1.82
— 1.74 (m, 4H), 1.63 — 1.56 (m, 2H), 1.35 — 1.30 (m, 2H), 1.01 (dt, J = 15.6, 7.4 Hz,
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6H), 0.77 (t,J=7.5 Hz, 3H), 0.61 (t, /= 7.5 Hz, 3H);

I3C NMR (100 MHz, CDCl3): 4 158.6, 158.5, 155.0, 154.8, 149.1, 149.1, 148 4, 141.9,
141.0, 140.3, 140.3, 137.7,137.6, 135.4, 135.2, 134.6, 134.6, 134.3, 134.2, 133.6, 133 4,
133.3,133.0,132.6,132.4,132.3, 132.0, 132.0, 131.9,131.9, 131.8, 131.4, 131.4, 130.7,
130.7,130.1, 130.0, 129.9,129.2, 129.0, 128.8, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9,
127.8,127.4,127.3,127.2,127.2,126.8, 126.7, 126.5, 125.7, 124.7, 124.6, 122.5, 122.3,
121.6, 76.8, 76.4, 76.2, 75.9, 48.7, 42.0, 31.2, 31.1, 30.8, 29.9, 28.9, 23.6, 23.0, 22 .4,
11.0, 10.9, 9.9, 9.8. (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.8;

HRMS (ESI-TOF) calculated for C76H740sP", [M+H]" 1097.5268, found 1097.5269.

5.4 Synthesis of 6

KOH (1.03 equiv)

DMSO, 40 °C

0.1 mmol, 1.0 equiv

A glass vial was charged with 3¢ (100.6 mg, 0.1 mmol, 1.0 equiv), KOH (6.2 mg, 0.11
mmol, 1.1 equiv), DMSO (1 mL) and a stir bar. The resulting mixture was stirred at
40 °C for 5 h under air. Water was added to the reaction mixture which was then
extracted with EtOAc. The combined organic phases were dried over MgSOa4. After
filtration, the crude product was purified by column chromatography on silica gel to

give the desired product 6.

Physical state: yellow solid;

Yield: 92% (94.3 mg), > 19:1 d.r. (determined by >'P NMR analysis);

Ry=0.3 (PE:EtOAc =2:1);

Melting point: >300 °C;

HPLC: > 99% e.e. (Daicel chiralpak IG column, 30% ‘PrOH in "hexane, 1 mL/min, A
= 254 nm), tr (major) = 16.97 min;
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[a]5 -major: 260.5 (c 0.2, CHCls);

'"H NMR (400 MHz, CDCl3): 8 7.94 (d, J= 8.1 Hz, 1H), 7.84 (dd, J= 8.6, 1.6 Hz, 1H),
7.70 — 7.63 (m, 3H), 7.61 — 7.55 (m, 2H), 7.51 — 7.46 (m, 2H), 7.42 — 7.30 (m, 4H),
7.25-7.15 (m, 3H), 7.14 - 7.08 (m, 3H), 7.02 — 6.90 (m, 4H), 6.28 (t, /= 7.5 Hz, 1H),
6.22 (d,J=6.4 Hz, 1H), 6.12 (t, J= 7.6 Hz, 1H), 6.05 (d, J= 6.5 Hz, 1H), 5.95 (d, J =
7.3 Hz, 1H), 5.85 (d,J="7.3 Hz, 1H), 4.35 (d, J=13.3 Hz, 1H), 4.26 (dd, J=13.5,9.4
Hz, 2H), 3.92 — 3.75 (m, 2H), 3.73 — 3.63 (m, 1H), 3.59 (td, /= 6.6, 2.4 Hz, 2H), 3.19
—3.06 (m, 5H), 2.78 (dt, J = 8.7, 6.5 Hz, 1H), 2.72 (d, J = 14.5 Hz, 1H), 2.37 (d, J =
14.4 Hz, 1H), 1.87 — 1.74 (m, 4H), 1.59 — 1.48 (m, 2H), 1.43 — 1.30 (m, 2H), 1.05 (t,J
=7.4 Hz, 3H), 0.95 (t,J=7.4 Hz, 3H), 0.78 (t, /= 7.5 Hz, 3H), 0.63 (t, /= 7.4 Hz, 3H);
I3C NMR (150 MHz, CDCl3): § 193.7, 166.0, 158.3, 154.9, 154.7, 147.3, 147.2, 145.3,
144.8,138.7,137.5,137.0,136.1, 135.3,134.4, 134.4, 134.2, 133.7, 133.5, 133.3, 133.2,
133.2,132.9,132.5,131.9,131.9,131.8,131.8, 131.7,131.7,131.2, 131.2, 129.7, 129.6,
129.3,129.2,129.0, 128.9, 128.6, 128.5, 128.5, 128.4, 128.2, 128.2, 128.1, 127.9, 127.7,
127.6,127.5,127.3,127.3,127.2,127.0, 127.0, 125.1, 123.8, 122.9, 122.6, 121.8, 76.9,
76.4,76.4,75.9,31.1,31.0, 30.5, 28.2, 23.6, 23.5, 23.0, 22.6, 10.9, 10.8, 9.8 (Due to C-
P coupling and the complexity of the spectrum, doublets in the aromatic region cannot
be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 27.8;

HRMS (ESI-TOF) calculated for CeoHesOsPNa®, [M+Na]® 1043.4411, found
1043.4412.

5.5 Synthesis of 7

PhMgBr (1.5 equiv)

THF, 0°C tor.t.

0.1 mmol, 1.0 equiv

To a solution of 6 (102.0 mg, 0.1 mmol, 1.0 equiv) in THF (1 mL) was added PhMgBr
(150 uL, 1 M in THF, 0.15 mmol, 1.5 equiv) at 0 °C. Then the reaction was stirred at
room temperature for 4 hours. After completion of the reaction (monitored by TLC),
water was added to the reaction mixture which was then extracted with EtOAc. The
combined organic phases were dried over MgSOa4. After filtration, the crude product

was purified by column chromatography on silica gel to give the desired product 7.
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Physical state: white solid;

Yield: 84% (92.0 mg), > 19:1 d.r. (determined by >'P NMR analysis);

Ry=0.3 (PE:EtOAc =2:1);

Melting point: 166169 °C;

HPLC: > 99% e.e. (Daicel chiralpak ID column, 5% ‘PrOH in "hexane, 1 mL/min, A =
254 nm), tr (major) = 16.62 min;

[a]5 -major: 61.0 (c 0.2, CHCls);

'"H NMR (400 MHz, CDCl3): $ 7.97 (d, J= 8.1 Hz, 1H), 7.82 (d, J= 7.7 Hz, 1H), 7.70
—7.48 (m, 7H), 7.43 — 7.26 (m, 9H), 7.17 — 7.05 (m, 5H), 7.04 — 6.97 (m, 2H), 6.94 (t,
J=17.4Hz, 1H), 6.88 (t,J=7.5 Hz, 1H), 6.77 (d, J= 7.4 Hz, 1H), 6.36 — 6.21 (m, 2H),
6.10 (t,J=7.6 Hz, 1H), 6.07 — 6.01 (m, 1H), 5.96 (d, J= 7.3 Hz, 1H), 5.85(d, J=7.3
Hz, 1H), 4.36 (dd, /=20.4, 13.4 Hz, 2H), 4.24 (d, /= 13.5 Hz, 1H), 3.89 (t, /= 8.0 Hz,
2H), 3.65 — 3.52 (m, 3H), 3.29 (td, J = 11.1, 5.4 Hz, 1H), 3.13 (dd, J = 13.0, 6.4 Hz,
3H), 3.02 (d, J=13.6 Hz, 1H), 2.91 — 2.81 (m, 2H), 2.51 (d, J = 14.3 Hz, 1H), 1.91 —
1.73 (m, 4H), 1.64 — 1.51 (m, 2H), 1.51 — 1.22 (m, 3H), 1.05 (t, /= 7.4 Hz, 3H), 0.99
(t,J=7.3 Hz, 3H), 0.81 (t,J=7.4 Hz, 3H), 0.65 (t, /= 7.4 Hz, 3H);

I3C NMR (150 MHz, CDCl3): 8 160.0, 158.5, 155.0, 154.7, 152.2, 149.4, 149.4, 145.5,
145.5,145.3,141.0, 139.0, 137.7, 137.6, 137.1, 134.6, 134.5, 134.1, 134.1, 133.9, 133.8,
133.5,133.1,133.0, 132.7,132.5, 132.5,132.2, 132.2,132.1, 132.1, 131.9, 131.9, 131.7,
131.7,131.1,129.7,129.7,128.9, 128.9, 128.8, 128.6, 128.5, 128.3, 128.2, 128.2, 128.1,
128.1,127.6,127.4,127.3,127.2,127.1,127.1, 127.0, 126.9, 126.8, 126.2, 125.4, 125.0,
122.7,122.5,121.6, 81.8,76.7,76.4,76.1,75.8,31.1, 31.1, 30.9, 28.3, 23.6, 23.5, 23.0,
22.2, 11.0, 10.9, 9.8, 9.7 (Due to C-P coupling and the complexity of the spectrum,
doublets in the aromatic region cannot be assigned and they are listed as singlets);

3P NMR (162 MHz, CDCl3): § 28.7;

HRMS (ESI-TOF) calculated for C7sH7106PNa’, [M+Na]® 1121.4880, found
1121.4890.
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5.6 Synthesis of 8

1) "BulLi (6.0 equiv)
THF, -78 °C

2) AcOH, H,SO,4
"hexane/DCM, 60 °C

0.1 mmol, 1.0 equiv

S28 was synthesized by literature procedure.’

To a dried Schlenk flask charged with compound S28 (234 mg, 0.6 mmol, 6.0 equiv),
and evacuated and refilled with argon three times. After addition of THF (0.5 mL),
"BuLi in hexanes (240 pL, 2.5 M, 0.6 mmol, 6.0 equiv) was added slowly at -78 °C.
The mixture was stirred at room temperature for 1 hour. Then, 6 (102.0 mg, 0.1 mmol,
1.0 equiv) was added into mixture at -78 °C, and the resulting solution was stirred at
room temperature overnight. The mixture was washed with water and extracted with
EtOACc three times. The combined organic layer was washed with brine and dried over
MgSOa. After filtration, the crude product was purified by column chromatography on
silica gel to give the desired alcohol products (121.4 mg, 90% yield, d.». > 19:1, white
solid).

A dried Schlenk flask was charged with above alcohol (121.4 mg, 0.09 mmol). After
addition of n-hexane/DCM (0.6 mL/0.4 mL), CH3COOH (2 mL) was added slowly at
60 °C, and the resulting mixture was stirred for 10 minutes. Then, H2SO4 (50 pL) was
added into flask dropwise. The mixture was stirred at 60 °C for 20 minutes and poured
into NaHCO3 solution. Then the mixture was extracted with EtOAc three times. The
combined organic layer was washed with brine and dried over MgSOa. After filtration,
the crude product was purified by column chromatography on silica gel to give the
desired product 8 (60.0 mg, 57% yield).

Physical state: white solid; Yield: 51% (two steps), > 19:1 d.r. (determined by *'P NMR
analysis); Ry = 0.6 (PE:EtOAc = 2:1); Melting point: 165-168 °C; HPLC: > 99%
e.e. (Daicel chiralpak IA column, 10% ‘PrOH in "hexane, 1 mL/min, A = 254 nm), tz
(major) = 11.18 min; [a]y -major: 35.0 (¢ 0.2, CHCl3); "TH NMR (400 MHz, CDCls):
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5 7.96 (d, J= 8.1 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.64 (dd, J = 11.4, 7.6 Hz, 2H),
7.59 —7.50 (m, 2H), 7.48 — 7.41 (m, 2H), 7.35 — 7.26 (m, 4H), 7.25 — 7.18 (m, 4H),
7.16 (d,J=4.9 Hz, 1H), 7.14 — 7.08 (m, 2H), 7.01 (td, J= 7.7, 2.7 Hz, 2H), 6.92 (t, J
=7.4 Hz, 1H), 6.86 (t, J=7.6 Hz, 1H), 6.72 (dd, J = 8.4, 6.3 Hz, 2H), 6.57 — 6.50 (m,
2H), 6.17 (t,J= 7.6 Hz, 1H), 6.11 (t,J= 7.6 Hz, 1H), 5.98 (d, /= 7.3 Hz, 1H), 5.85 (d,
J=173Hz, 1H), 5.81 (d, J=7.5 Hz, 1H), 5.76 (d, /= 7.4 Hz, 1H), 4.33 (dd, J = 13 .4,
8.0 Hz, 2H), 4.17 (d, J= 13.5 Hz, 1H), 3.92 — 3.79 (m, 2H), 3.59 — 3.45 (m, 3H), 3.25
—3.16 (m, 1H), 3.15 —3.05 (m, 3H), 3.03 — 2.95 (m, 1H), 2.88 (dd, J = 28.8, 14.1 Hz,
2H), 2.51 (d, J = 14.4 Hz, 1H), 1.83 — 1.70 (m, 4H), 1.67 — 1.57 (m, 2H), 1.43 — 1.27
(m, 2H), 1.01 (t, J= 7.3 Hz, 6H), 0.78 (t, J= 7.5 Hz, 3H), 0.63 (t, J = 7.4 Hz, 3H); ¥C
NMR (150 MHz, CDCI3): & 159.2, 158.5, 156.6, 156.5, 155.0, 154.9, 148.8, 148.7,
146.0,142.9, 141.2,138.6, 138.4, 137.8,137.7, 137.6, 136.7, 134.8, 134.7, 134.5, 134.5,
134.1,134.0,133.8,133.2,133.1, 132.9, 132.7, 132.6, 132.6, 132.1, 132.0, 131.9, 131.5,
131.0,130.1,130.1, 129.0, 128.8, 128.4, 128.4, 128.2, 128.2, 128.0, 127.9, 127.9, 127 4,
127.3,127.3,126.9,126.9, 126.8, 126.6, 125.9, 125.6, 123.6, 123.1, 122.7, 122.4, 122.0,
121.6, 121.5,76.7, 76.4, 76.1, 75.9, 61.7, 31.2, 31.1, 30.6, 28.6, 23.6, 23.6, 23.0, 22.2,
11.0, 10.9, 9.9, 9.7 (Due to C-P coupling and the complexity of the spectrum, doublets
in the aromatic region cannot be assigned and they are listed as singlets); 3P NMR
(162 MHz, CDCI3): 6 28.3; HRMS (ESI-TOF) calculated for C77H7005PS2", [M+H]"
1169.4397, found 1169.4394.

5.7 The application of chiral phosphine 4 in Ag-catalyzed asymmetric [3+2]

cycloaddition.

Ph
AgOAC (2 mol%), 4 (4 mol%) |

N
Ph 0, 0. (o)
~ EtzN (20 mol%
©/\N/\COZMe . L o 3N ( o) -
°=<j DCM (0.2 M), rt., 72 h
= Ph="\\~"~CO,Me
H

9 10 1"

9 was synthesized by literature procedure.®

Under argon atmosphere, the solution of ligand 4 (4.0 mg, 0.004 mmol, 4.0 mol%) and
AgOAc (0.3 mg, 0.002 mmol, 2.0 mol%) was stirred at room temperature for about 1
h. Then EtsN (2.8 pL, 0.02 mmol, 20 mol%), 9 (17.7 mg, 0.1 mmol, 1.0 equiv) and 10
(20.8 mg, 0.12 mmol, 1.2 equiv) was added. Once starting material was consumed
(monitored by TLC), the mixture was filtered through celite and the filtrate was
concentrated to dryness. The residue was purified by flash column chromatography on

silica gel to afford the product as a colorless oil (22.2 mg, 63% yield, > 19:1 d.r).
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Physical state: colorless liquid;

Yield: 63%;

Ry= 0.5 (PE:EtOAc = 1:1);

HPLC: 93% e.e. (Daicel chiralpak IA column, 50% ‘PrOH in "hexane, 1 mL/min, A =
210 nm), tz (major) = 10.23 min, tz (minor) = 16.53 min;

'TH NMR (400 MHz, CDCl3): § 7.45 (d, J = 7.3 Hz, 2H), 7.41 — 7.28 (m, 6H), 7.14 (d,
J=17.6 Hz, 2H), 4.58 (d, /= 8.8 Hz, 1H), 4.11 (d, J= 6.6 Hz, 1H), 3.87 (s, 3H), 3.70 (t,
J=17.2Hz, 1H), 3.53 (t,J= 8.3 Hz, 1H), 2.37 (s, 1H).
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6. X-ray crystallographic data

Identification code (CCDC)
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.483°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

2403829

C70 H66 CI3 06 P
1140.54

298.6(6) K
1.54184 A
Monoclinic
P1211
a=11.6469(4) A o= 90°.
b=20.7272(6) A
c=13.9592(4) A v=90°.
3146.01(18) A3

2

1.204 Mg/m3

1.956 mm-1

1200

0.05 x 0.04 x 0.03 mm3

3.391 to 67.483°.

_13<=h<=13, -24<=k<=24, -16<=1<=16

35174

11298 [R(int) = 0.0415]

99.9 %

Semi-empirical from equivalents
1.00000 and 0.55188
Full-matrix least-squares on F2
11298 /148 / 701

1.098

R1=0.0867, wR2 = 0.2450
R1=0.0955, wR2 = 0.2604
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Absolute structure parameter 0.036(10)
Extinction coefficient n/a

Largest diff. peak and hole 0.933 and -0.727 ¢.A-3
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7. Photophysical and chiroptical properties study

6.1 Copies of UV-vis spectra of 3¢, 3y, 3p and 8

Figure S2. UV-vis spectra of 3¢ in DCM at 25 °C (ca. 5x107° M)

Figure S3. UV-vis spectra of 3y in DCM at 25 °C (ca. 510 M)
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Figure S4. UV-vis spectra of 3p in DCM at 25 °C (ca. 5x107° M)

Figure S5. UV-vis spectra of 8 in DCM at 25 °C (ca. 5x10™ M)
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6.2 Copies of fluorescence spectra of 3¢, 3y, 3p and 8

Figure S6. excitation spectrum of 3¢ in DCM at 25 °C (ca. 5107 M)

Figure S7. emission spectrum of 3¢ in DCM at 25 °C (ca. 5107 M)
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Figure S8. excitation spectrum of 3y in DCM at 25 °C (ca. 5x107> M)

Figure S9. emission spectrum of 3y in DCM at 25 °C (ca. 5x10° M)
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Figure S10. excitation spectrum of 3p in DCM at 25 °C (ca. 510 M)

Figure S11. emission spectrum of 3p in DCM at 25 °C (ca. 5x10° M)
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Figure S12. excitation spectrum of 8 in DCM at 25 °C (ca. 5x107> M)

Figure S13. emission spectrum of 8 in DCM at 25 °C (ca. 5x10° M)
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6.3 Quantum yield measurements

Compound QY
3c 0.241
3y 0.359
3p 0.134
8 0.146

6.4 Copies of CD spectra of 3c, 3y, 3p and 8

Figure S14. CD of 3¢ in DCM at 25 °C (ca. 5x10° M)

Figure S15. CD of 3y in DCM at 25 °C (ca. 5x10° M)
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Figure S16. CD of 3p in DCM at 25 °C (ca. 5x10°° M)

Figure S17. CD of 8 in DCM at 25 °C (ca. 5x107° M)
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6.5 Copies of CPL spectra of 3¢, 3y, 3p and 8

Figure S18. CPL of 3¢ in DCM at 25 °C (ca. 5%10° M), Aex = 328 nm

(431 nm) gum = 0.9x1073

/

Figure S19. CPL (gum) of 3¢ in DCM at 25 °C (ca. 5%107° M), kex = 328 nm
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Figure S20. CPL of 3y in DCM at 25 °C (ca. 5x10™ M), Aex = 325 nm

(426 nm) 2um = 1.3><10-3

/

Figure S21. CPL (gum) of 3y in DCM at 25 °C (ca. 5x10”° M), Aex = 325 nm
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Figure S22. CPL of 3p in DCM at 25 °C (ca. 510" M), Aex = 288 nm

(411 nm) gium = 3.2x1073

/

Figure S23. CPL (gum) of 3p in DCM at 25 °C (ca. 5%107° M), kex = 288 nm
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Figure S24. CPL of 8 in DCM at 25 °C (ca. 510 M), Aex = 333 nm

(441 nm) guum = 1.6x107

/

Figure S25. CPL (gum) of 8 in DCM at 25 °C (ca. 5x10”° M), Aex = 333 nm
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8. HPLC traces of the products
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3d
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3e
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3f
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3g
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3h
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3l
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3n
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3s: R = p-MeCgH,
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3t: R = p-OMeCgHy
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3u: R = 3,5-(Bu),C¢H3
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3v: R = p-CICgH,
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3w: R = 2-naphthyl
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= 2-thienyl

3x:R
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3B-minor
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3C-minor
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3D
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Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.424 MM 0.1884 526.98914 46.62738 50.2037
2 8.218 MM 0.2456 522.71198 35.47049 49.7963

Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 6.388 BB 0.1855 3521.07861 290.32388 100.0000
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