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A. General information

All reactions were carried out under nitrogen atmosphere with magnetic stirring.
Anhydrous DCM was purified by distillation over calcium hydride after elimination of alcohol
stabilizer. Powdered 4A molecular sieves were dried in a Muffle furnace at 400°C for 5 h
prior to use. All other commercially obtained reagents were used as received unless
specifically indicated. Flash column chromatography was performed over H silica gel
purchased from Qindao Haiyang Chemical Co., China or Agela Technologies USA.

All "H NMR and 3C NMR spectra were recorded using a Brucker-400 MHz and Brucker-
500 MHz spectrometer in CDCI; unless otherwise noted. Residue solvent peaks were
chosen as an internal standard ("H NMR: CDCl; at 7.26 ppm, *C NMR: CDCl; at 77.0 ppm).
Data of '"H NMR spectra were reported as follows: chemical shift, integration, multiplicity. (s
= singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad). HRMS (ESI) were
recorded on lonSpec FT-ICR mass spectrometer. HPLC analyses was performed on Dalian
Elite (UV230+ UV/Vis Detector and P230P High Pressure Pump) and Agilent 1100.
Chiralpak IA column was purchased from Daicel Chemical Industries, LTD. Single crystal X-
ray diffraction data (7k) were recorded on Bruker-AXS SMART APEX Il single crystal X-ray
diffractometer.

B. Preparation of substrates
PdCI,(PPhs),,

R@f, . = Cul, EtsN R%> _
OH N, 25°C OH

2

Scheme S1. preparation of aryl propargyl alcohol
General procedure for the synthesis of aryl propargyl alcohols: All aryl propargyl
alcohols were prepared using reported procedures.’ Pd(PPh;),Cl, (0.05 mmol, 0.01 equiv)
and Cul (0.5 mmol. 0.1 equiv) were added to the flask. To this mixture were added
iodoarene (5 mmol, 1 equiv) and Et;N (10 mL) under nitrogen atmosphere. After 10 minutes,
the propargyl alcohol (5.5 mmol, 1.1 equiv) was injected into the mixture. After stirring at
25°C for 10 hours, the solution was then quenched by aqueous NH,CI, and extracted with
Et,O 3 times. The combined organic phase was washed with 1M HCI and brine and dried
with anhydrous Na,SO, After filtration, the solvent was removed to give the crude product,
which was then purified by flash chromatography on silica gel (PE/EA =10:1~5:1) to give the

pure product.
Ny

DBU, CH4,CN
R CoMe SO2N, s R CO,Me
1 0-25°C 1
AcHN

f
Scheme S2. preparation of methyl aryldiazoacetates
General procedure for the synthesis of diazoacetates: All the diazoacetates were
prepared by reported procedures.? Methyl arylacetates (10 mmol, 1.0 equiv) and p-ABSA
(11 mmol, 1.1equiv) was dissolved in a 100 mL flask with 40 mL CH3;CN. After stirring for 10
min in an ice bath, DBU (1.1 mmol, 1.1 equiv) in 20 mL of CH3;CN was added dropwise. After
stirring for 12 hours at 25°C, the reaction mixture was quenched with saturated aqueous
NH4CI at 0°C. The mixture was then extracted with diethyl ether 3 times. The combined
organic phase was washed with 60 mL brine and dried with anhydrous Na,SO,. After
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filtration, the solvent was removed to give the crude product. It was then purified by flash
chromatography on silica gel with petroleum ether to give the pure product.

C. Preliminary screening with [Pd(allyl)Cl], as catalyst

General procedure for evaluation of ligands of [Pd(allyl)Cl]; in formal [4+1]
cycloaddition of diazoacetates and propargyl alcohol: The mixture of 100 mg 4A MS,
[Pd(allyl)CI]2 (0.01 mmol, 0.1 equiv) and ligand (0.02 mmol, 0.1 equiv) was dissolved in 0.5
mL of anhydrous dichloromethane at 25°C. The reaction mixture was stirred for 2 h. Then
aryl propargyl alcohol 2 (0.1 mmol) dissolved in 1 mL of anhydrous dichloromethane was
added. After stirring for five minutes, diazoacetate 1 (0.15 mmol, 1.5 equiv) dissolved in 4
mL anhydrous dichloromethane was added via a syringe pump over 1 h. After stirring for 24
h, the 4A MS were filtered and the solvent was removed to give the crude product. The
crude product was then purified by microgram scale preparative TLC (PE/EA = 40:1-20:1) to
give the pure product for chiral HPLC analysis. All the ligands presented in Table S1 showed
minimal enantioselectivity.

Table S1. Evaluation of ligands of [Pd(allyl)Cl], in formal [4+1] cycloaddition of diazoacetates
and propargyl alcohol.?

Ph Ligand (2x mol%)

\P) CO.M
PN + || _Pd@iyici, @ moi%) O s-H2Ve
Ph™ "COMe DCM, 4A MS, 25 °C, dark \={ "N
HO x=0.50r 1 Ph
1a 2a 3a

L8 L14 L15 L16
9
Q)
O HN K NAAr
Z ‘ | N Ar
O L20 Ar = Phenyl
L21 Ar = 2-OH-6-Br-CgHj,
L17 L18 L19 L22 Ar = 2-MeO-CgH,4
Entry L M:L con.? (%) eecof 3a (%)
1 L8 2:1 >90 54
2 L14 1:1 >90 0
3 L15 1:1 >90 0
4 L16 1:1 >90 0
5 L17 1:1 >90 0
6 L18 1:1 >90 0
7 L19 1:1 >90 0
8 L20 1:1 >90 0



9 L21 1:1 >90 0
10 L22 1:1 >90 0

@Reaction conditions: 1a (0.1 mmol) in DCM (1.0 mL) was added to a solution of 2a (0.15 mmol, 1.0
equiv), [Pd(allyl)Cl]; (0.002 mmol, 0.02 equiv), 100 mg 4A MS and L (0.002 or 0.001 mmol, 0.002 or
0.001 equiv) in 1.0 mL of DCM, 25°C. ®Determined by 'H NMR of the reaction mixture. ‘Determined
by chiral HPLC analysis.

D. Synthesis and characterization of 2,5-dihydrofurans

N, rac-9 (10 mol%)
Py p— or [Pd(allyl)Cl], (2 mol%) —O COR
At COR OH DCM, 4A MS, 25°C, dark %r 2
Rl
1 2 3

Scheme S3 preparation of rac-3

General procedure for the synthesis of racemic 2,5-dihydrofuran: A mixture of 200 mg
4A MS, AgSbFg (0.04 mmol, 0.2 equiv) and rac-BINAP (0.02 mmol, 0.1 equiv) or
[Pd(allyl)Cl], (0.002 mmol, 0.02 equiv) was dissolved in 1 mL of anhydrous dichloromethane
at 25°C. The reaction mixture was stirred for 2 h. Then aryl propargyl alcohol 2 (0.2mmol)
dissolved in 1 mL of anhydrous dichloromethane was added. After stirring for five minutes,
diazoacetate 1 (0.3 mmol, 1.5 equiv) dissolved in 4 mL anhydrous dichloromethane was
added via a syringe pump over 1 h. After stirring for 24 h, 4A MS were filtered and the
solvent was removed to give the crude product. The crude product was then purified by flash
chromatography on silica gel (PE/EA = 40:1~20:1) to give the pure product.

N, 9 (10 mol%)
Py R +/- CaH, (2 equiv) 0
A COR FRT= "CO=R
2 OH DCM, 4A MS, 25°C, dark XX o
Rl
1 2 3

Scheme $4. preparation of (S)-3

General procedure for the synthesis of (S)-3 with optimal conditions from first-round
screening: The glassware was wrapped with aluminum foil to protect sliver catalyst from
light. The mixture of 200 mg 4A MS, AgSbF¢ (0.04 mmol, 0.2 equiv) and (R)-3,5-DM-BINAP
(0.02 mmol, 0.1 equiv) was dissolved in 1 mL of anhydrous dichloromethane at 25°C. The
reaction mixture was stirred for 2 h. Then aryl propargyl alcohol 2 (0.2mmol) dissolved in 1
mL of anhydrous dichloromethane was added. After stirring for 1 h, diazoacetate 1 (0.3mmol,
1.5 equiv) dissolved in 4 mL anhydrous dichloromethane was added via a syringe pump over
1 h. After stirring for 48 h, 4A MS were filtered and the solvent was removed to give the
crude product. The crude product was then purified by flash chromatography on silica gel
(PE/EA = 40:1~20:1) to give the pure product.

General procedure for the synthesis of (S)-3 with optimal conditions from second-
round screening: The glassware was dried with heat gun under vacuum and cooled down
in an Argon atmosphere. Then it was wrapped with aluminum foil to protect sliver catalyst
from light. 1 (0.2 mmol, 1 equiv) in DCM (2 mL) was added to the mixture of 2 (0.4 mmol, 2
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equiv), CaH, (0.4 mmol, 2 equiv), 200 mg A MS, AgSbFg (0.04 mmol, 0.2 equiv), (R)-3,5-
DM-BINAP (0.02 mmol, 0.1 quiv) and 2 mL DCM, via a syringe pump over 1 h. After stirring
for 48 h, 4A MS and catalyst were filtered off and the solvent was removed to give the crude
product. The crude product was then purified by flash chromatography on silica gel (PE/EA =

40:1~20:1) to give the pure product.
0]
«_\'\COzMe
Ph

Ph
3a
3a: colorless liquid, yield 54%, 78% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min, hexane/isopropanol = 50:1; 254 nm; retention time: tnaor = 11.28 Min, tminor =
20.70 min); '"H NMR(400 MHz, CDCI3):67.35 — 7.20 (m, 10H), 6.47 (t, J = 2.0 Hz, 1H), 4.99
(dd, J; = 5.2 Hz, J, = 2.0 Hz, 1H), 4.93 (dd, J; = 5.2 Hz, J, = 2.0 Hz, 1H), 3.78 (s, 3H).13C
NMR(100 MHz, CDCl,): 172.0, 141.2, 139.4, 132.6, 128.3, 128.2, 128.0, 127.9, 127.4, 126.8,
94.8, 74.8, 52.5. HRMS: calcd 303.0997 for C4gH1s0O3Na [M+Na]*, found 303.1002.

Q co,Me

3b Br

3b: colorless liquid, yield 46%, 87% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 50:1; 254 nm; retention time: fnaor = 14.60 Min, fminor =
20.55 min); '"H NMR (400 MHz, CDCl,):567.44 (d, J = 8.8 Hz, 2H), 7.26 — 7.24 (m, 7H), 6.47 (t,
J=2.0Hz, 1H), 4.96 (dd, J;=5.2 Hz, J,= 2.0 Hz, 1H), 4.92 (dd, J,= 5.2 Hz, J,= 2.0 Hz, 1H),
3.78 (s, 3H)."*C NMR(100 MHz, CDCl5): 171.7, 141.0, 138.4, 132.3, 131.3, 129.2, 128.2,
128.1, 127.8, 127.1, 122.5, 941, 75.0, 52.7. HRMS: calcd 381.0102 for C4gH1503BrNa
[M+Na]*, found 381.0083.

Q co,Me

3c¢: colorless liquid, yield 42%, 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 60:1; 254 nm; retention time: tnaor = 14.57 Min, tminor =
21.40 min); '"H NMR(400 MHz, CDCl5):6 7.29 (d, J = 3.6 Hz, 4H), 7.23 (s, 5H), 6.47 (t, J =
1.8 Hz, 1H), 4.99 (dd, J; = 5.2 Hz, J,= 2.0 Hz, 1H), 4.92 (dd, J, = 5.2 Hz, J,= 2.0 Hz, 1H),
3.78 (s, 3H)."3C NMR(100 MHz, CDCls): 171.74, 140.98, 137.85, 134.25, 132.29, 128.89,
128.38, 128.17, 128.11, 127.82, 127.04, 94.09, 75.00, 52.72. HRMS: calcd 337.0607 for
C4gH1503CINa [M+Na]*, found 337.0608.



Q CcO,Me

3d Me

3d: colorless liquid, yield 36%, 76% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 50:1; 254 nm; retention time: fnaor = 15.09 min, tminor =
32.97 min); '"H NMR(400 MHz, CDCI5):67.28 (dd, J = 6.8, 3.0 Hz, 2H), 7.25 (s, 1H), 7.22 (dd,
J1 =6.6 Hz, J, = 4.2 Hz, 4H), 7.13 (d, J = 8.1 Hz, 2H), 6.49 (t, J = 1.8 Hz, 1H), 4.95 (dd, J; =
8.6 Hz, J,= 1.8 Hz, 1H), 4.93 (dd, J; = 8.6 Hz, J,= 1.8 Hz, 1H), 3.77 (s, 3H), 2.33 (s, 3H)."3C
NMR(100 MHz, CDCl3): 172.18, 141.07, 138.16, 136.42, 132.64, 129.56, 128.98, 127.99,
127.85, 127.32, 126.79, 94.64, 74.66, 52.52, 21.16 . HRMS: calcd 317.1154 for C49H;303;Na
[M+Na]*, found 317.1163.

Q COo,Me

3e OMe
3e: colorless liquid, yield 42%, 71% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min, hexane/isopropanol = 25:1; 254 nm; retention time: fnaor = 18.97 min, fminor =
42.16 min); '"H NMR(400 MHz, CDCI5):67.20 — 7.14 (m, 6H), 6.85-6.38 (m, 3H), 6.38 (t, J =
2.0 Hz, 1H), 4.91 (dd, J;=14.0 Hz, J,= 2.0 Hz, 1H), 4.86 (dd, J;= 14.0 Hz, J,= 2.0 Hz, 1H),
3.70 (s, 3H), 3.66 (s, 3H).”*C NMR(100 MHz, CDCl3): 171.9, 159.4, 141.3, 140.8, 132.7,
128.0, 127.9, 126.9, 119.7, 113.8, 113.2, 94.7, 74.8, 55.2, 52.6. HRMS: calcd 333.1103 for
C49H4s04Na [M+Na]*, found 333.1114.

Q co,Me

OMe

3¢ OMe

3f: colorless liquid, yield 36%, 69% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 25:1; 254 nm; retention time: fnaor = 35.53 Min, fminor =
40.26 min); '"H NMR(400 MHz, CDCl;): 87.24 — 6.79 (m, 8H),6.46 (t, J = 2.0 Hz, 1H), 4.98
(dd, J1=14.0 Hz, J>= 2.0 Hz, 1H), 4.92 (dd, J; = 14.0 Hz, J,= 2.0 Hz, 1H), 3.86 (s, 3H), 3.78
(s, 3H), 3.74 (s, 3H)."*C NMR(100 MHz, CDCls): 172.2, 149.0, 148.6, 141.3, 132.8, 131.8,
128.0, 127.9, 127.8, 126.8, 119.9, 110.9, 110.6, 94.5, 74.6, 55.8, 55.7, 52.5. HRMS: calcd
363.1208 for CyH,,0OsNa [M+Na]*, found363.1217.

Q co,Me

OMe

OMe

MeO

39
3g: colorless liquid, yield 50%, 79% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 15:1; 254 nm; retention time: fnaor = 36.31 MiN, fyinor =
24.36 min); '"H NMR(400 MHz, CDCI3):5 7.28 — 7.25 (m, 5H), 6.57 (s, 2H), 6.41 (t, J = 1.6 Hz,
1H), 5.00 (dd, J;=13.8 Hz, J,= 1.6 Hz, 1H), 4.92 (dd, J; = 13.8 Hz, J,= 1.6 Hz, 1H), 3.83 (s,
3H), 3.79 (s, 3H), 3.70 (s, 6H)."*C NMR(100 MHz, CDCl;): 172.0, 152.8, 141.4, 137.9, 134.5,
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132.9, 128.2, 128.0, 127.9, 127.1, 104.7, 94.5, 74.9, 60.8, 56.0, 52.6. HRMS: calcd

393.1314 for Cy1H,0¢Na [M+Na]*, found 393.1328.
Q co,Me
NS
OBn

Ph

OB
BnO n

3h
3h: colorless liquid, yield 24%, 68% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min, hexane/isopropanol = 6:1; 254 nm; retention time: fnajor = 75.17 min, tminor =
44.61 min); '"H NMR(400 MHz, CDClI3):67.43 — 7.27 (m, 16H), 7.19 (dd, J = 10.9, 8.0 Hz, 4H),
6.64 (s, 2H), 6.34 (s, 1H), 5.04 (s, 2H), 4.93 (d, J = 4.4 Hz, 4H), 4.87 (d, J = 1.4 Hz, 2H),
3.69 (s, 3H)."*C NMR(100 MHz, CDCls): 171.78, 152.44, 141.57, 138.36, 137.85, 137.06,
134.60, 132.90, 128.53, 128.41, 128.17, 128.11, 127.99, 127.95, 127.79, 127.76, 127.46,
126.76, 107.32, 94.51, 75.10, 74.78, 71.21, 58.42, 52.55 .HRMS: calcd 621.2253 for
C39H34,06Na [M+Na]*, found 621.2240.

Q coMe

3k
3k: colorless liquid, yield 56%, 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min, hexane/isopropanol = 50:1; 254 nm; retention time: fnaor = 10.87 Min, fminor =
14.84 min); '"H NMR(400 MHz, CDCI5):67.55 (s, 1H), 7.44 (d, J = 7.9 Hz, 1H), 7.29 — 7.20 (m,
6H), 7.17 (t, J=7.9 Hz, 1H), 6.47 (d, J = 1.6 Hz, 1H), 5.00 (dd, J, = 13.9 Hz, J,= 1.7 Hz, 1H),
4.95 (dd, J; = 13.9 Hz, J, = 1.7 Hz, 1H), 3.79 (s, 3H)."*C NMR(100 MHz, CDCIz): 171.49,
141.56, 140.94, 132.23, 131.43, 130.46, 129.68, 128.16, 127.89, 127.16, 126.05, 122.38,
94.08, 75.10, 52.78. HRMS: calcd 381.0102 for C4gH4503BrNa [M+Na]* , found 381.0102.

Q co,Me

3l
3l: colorless liquid, yield 47%, 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 50:1; 254 nm; retention time: fnaor = 10.84 min, fminor =
14.89 min); '"H NMR(400 MHz, CDClI3):567.39 (s, 1H), 7.29 — 7.22 (m, 8H), 6.45 (t, J = 2 Hz,
1H), 4.99 (dd, J;=13.6 Hz, J,= 1.6 Hz, 1H), 4.93 (dd, J; = 13.6 Hz, J,= 1.6 Hz, 1H), 3.78 (s,
3H).13C NMR(100 MHz, CDCls): 171.5, 141.3, 141.0, 134.2, 132.3, 129.3, 128.4, 1281,
128.0, 127.9, 127.6, 1271, 125.6, 94.1, 75.0, 52.7 . HRMS: calcd 337.0607 for
C4gH15ClO3Na[M+Na]*, found 337.0616.
Q co,Bu!




3I’: colorless liquid, yield 31%, 55% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 18:1; 254 nm; retention time: fyajor = 5.28 MiN, triner = 6.16
min); '"H NMR(400 MHz, CDCl):67.42 (s, 1H), 7.32 — 7.17 (m, 8H), 6.46 (s, 1H), 4.96 (d, J =
13.8 Hz, 1H), 4.90 (d, J = 13.8 Hz, 1H), 1.35 (s, 9H)."3C NMR(100 MHz, CDCl): 169.7,
141.8, 141.1, 134.1, 132.8, 129.3, 128.3, 128.0, 127.9, 127.2, 125.8, 94.4, 82.6, 74.9, 27.8.

Q €0,Bn

3"

3I”: pale yellow liquid, yield 28%, 81% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min, hexane/isopropanol = 18:1; 254 nm; retention time: tmajor = 9.61 Min, tminer =
14.78 min); '"H NMR(400 MHz, CDCl5):67.38 (s, 1H), 7.35 — 7.24 (m, 4H), 7.24 — 7.12 (m,
9H), 6.46 (s, 1H), 5.23 (d, J = 13.2 Hz, 1H), 5.20 (d, J = 13.2 Hz, 1H), 4.98 (d, J = 13.5 Hz,
1H), 4.93 (d, J = 13.5 Hz, 1H).13C NMR(100 MHz, CDCl;): 170.7, 141.3, 140.8, 135.2, 134.1,
132.2,129.3, 128.4, 128.2, 128.1, 128.0, 127.8, 127.7, 127.3, 125.6, 94.1, 75.1, 67.3.

3m: colorless liquid, yield 44%; 81% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 11.22 Min, trinor =
15.34 min); '"H NMR(400 MHz, CDCI5):6 7.43 (t, J = 4.2 Hz, 1H), 7.38 (s, 2H), 7.36 — 7.27 (m,
2H), 7.22 — 717 (m, 1H), 7.08 (s, 2H), 6.48 (t, J = 1.9 Hz, 1H), 1H NMR (500 MHz,
Chloroform-d) 6 7.48 — 7.43 (m, 1H), 7.40 (dq, J = 5.7, 2.0 Hz, 2H), 7.36 — 7.25 (m, 3H), 7.22
(ddd, J =7.7, 1.8, 1.2 Hz, 1H), 7.15 - 7.06 (m, 2H), 6.50 (t, J = 1.9 Hz, 1H), 5.02 (dd, J; =
14.2 Hz, J, = 2.0 Hz, 1H), 4.98 (dd, J; = 14.2 Hz, J, = 2.0 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H);
3C NMR (100 MHz, CDCls): 171.25, 140.95, 139.90, 134.39, 131.11, 130.91, 129.61,
129.53, 128.73, 128.42, 127.42, 126.57, 125.36, 109.76, 109.29, 94.08, 75.00, 52.85.
HRMS: calcd CygH1503NaCI[M+Na]* for 365.0920, found 365.0907.

Br 3n
3n: colorless liquid, yield 49%; 80% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 13.29 Min, trinor =
16.83 min); '"H NMR(400 MHz, CDCl;):567.40 — 7.33 (m, 3H), 7.32 — 7.28 (m, 1H), 7.24 —
7.14 (m, 2H), 7.10 (d, J = 8.6 Hz, 2H), 6.49 (t, J = 1.8 Hz, 1H), 5.00 (dd, J; = 14.1 Hz, J, =
1.9 Hz, 1H), 4.96 (dd, J; = 14.1 Hz, J, = 2.0 Hz,1H)., 3.79 (s, 3H); '*C NMR (100 MHz,
CDCl3): 171.35, 141.02, 139.98, 135.59, 134.40, 131.31, 129.56, 129.50, 128.73, 127.78,
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127.49, 125.45, 122.36, 94.08, 75.03, 52.82. HRMS: calcd C4gH14O3NaCIBr[M+Na]* for
414.9713, found 414.9724.

3o0: colorless liquid, yield 62%; 82% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 10 : 1; 254 nm; Retention time: tnajor = 8.42 Min, fminor =
11.95 min) ; '"H NMR(400 MHz, CDCl5):67.39 (d, J = 1.1 Hz, 1H), 7.29 (ddd, J = 4.5, 3.5, 1.8
Hz, 1H), 7.25 - 7.21 (m, 2H), 7.19 (d, J = 8.9 Hz, 2H), 6.76 (d, J = 8.9 Hz, 2H), 6.39 (s, 1H),
4.95 (dd, J; =13.7 Hz, J, = 1.9 Hz, 1H), 4.93 (dd, J; = 13.7 Hz, J, = 1.9 Hz, 1H), 3.79 (s, 3H),
3.77 (s, 3H); °C NMR(100 MHz, CDCl;):171.64, 159.34, 141.45, 140.20, 134.20, 129.42,
129.13, 128.49, 127.70, 125.69, 125.31, 124.58, 113.56, 94.10, 75.05, 55.20, 52.75. HRMS:
calcd 367.0713 for C49H704NaCI[M+Na]*, found 367.0706.

Q co,Me
N
Cl

Me

3p: colorless liquid, yield 53%, 49% ee, dete:?r%ined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min, hexane/isopropanol = 18:1; 254 nm; retention time: fyajor = 6.05 MiN, tyiner = 6.80
min); '"H NMR(400 MHz, CDCl):67.42 (s, 1H), 7.35-7.26 (m, 3H), 5.77 (d, J = 1.4 Hz, 1H),
4.83 (dd, J; =13.7 Hz, J, = 1.9 Hz, 1H), 4.81 (dd, J; = 13.7 Hz, J, = 1.9 Hz, 1H), 3.82 (s, 3H),
1.82 (d, J = 1.4 Hz, 3H)."3C NMR(100 MHz, CDCls): 171.4, 141.4, 137.4, 134.4, 129.5, 128.3,
126.3, 124.2, 124.1, 94.3, 74.8, 52.6, 13.0. HRMS: calcd 276.0553 for C43H43CIO3;Na[M+Na]*,
found 276.0542.

Me 3q

3q: colorless liquid, yield 64%; 92% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fya0r = 11.80 Min, trinor =
14.97min) ; '"H NMR(400 MHz, CDCl;):567.46 (d, J = 7.8 Hz, 2H), 7.28 (s, 2H), 7.16 (d, J =
7.6 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H), 6.46 (t, J = 1.9 Hz, 1H), 4.97 (dd, J; =89 Hz, J,=1.9
Hz, 1H), 4.95 (dd, J; = 8.9 Hz, J, = 1.9 Hz, 1H), 3.80 (s, 3H), 2.33 (s, 3H).; '3C NMR(100
MHz, CDCl3): 171.77, 140.68, 138.45, 138.05, 131.85, 131.31, 129.26, 128.90, 127.67,
126.18, 12248, 94.23, 75.00, 52.72, 21.16. HRMS: calcd 395.0259 for
C49H1703NaBr[M+Na]*, found 395.0248.

Q coMe




3r: colorless liquid, yield 71%; 71% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 11.53 MiN, trinor =
16.43 min) ; '"H NMR (500 MHz, CDCl3) & 7.44 — 7.34 (m, 2H), 7.28 — 7.24 (m, 4H), 7.03 (t, J
= 8.7 Hz, 1H), 6.52 (t, J = 1.9 Hz, 1H), 5.01 (dd, J; = 13.9 Hz, J, =1.9 Hz, 1H), 4.95 (dd, J; =
13.9 Hz, J, =1.9 Hz, 1H), 3.81 (s, 3H). '3C NMR (125 MHz, CDCl3) 6 172.01, 141.11, 135.20,
132.38, 129.40, 129.34, 128.15, 128.08, 127.81, 126.93, 115.21, 115.04, 94.07, 74.80,
52.60. HRMS: calcd 299.1005 for C1gHsFO3[M+H]*, found 299.1045.

Q co,Me

x
Ph

3s I

3s: colorless liquid, yield 70%; 92% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane/isopropanol = 50 : 1; 254 nm; Retention time: fyajor = 17.13 Min, fminor =
23.83 min) ; '"H NMR (500 MHz, CDCl;) 8 7.78 — 7.49 (m, 2H), 7.27 (m, 4H), 7.16 — 7.11 (m,
2H), 6.50 (t, J = 1.9 Hz, 1H), 5.02 (dd, J; = 13.8 Hz, J, = 1.9 Hz, 1H), 4.95 (dd, J;, = 13.8 Hz,
J> = 1.9 Hz, 1H), 3.81 (s, 3H). '*C NMR (125 MHz, CDCls) 6 171.76, 140.88, 139.08, 137.34,
132.27, 129.39, 128.20, 128.15, 127.84, 127.13, 94.38, 94.20, 74.97, 52.64. HRMS: calcd
407.0066 for C1gH16103[M+H]*, found 407.0036.

Q co,Me
NS
Cl

Ph

Cl
3t
3t: colorless liquid, yield 78%; 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 12.97 MiN, trinor =
17.01 min) ; '"H NMR (500 MHz, CDCl5) 6 7.54 (d, J = 2.2 Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H),
7.29 (d, J=2.3 Hz, 1H), 7.29 — 7.27 (m, 2H), 7.27 — 7.23 (m, 2H), 7.21 (dd, J = 8.4, 2.2 Hz,
1H), 6.49 (t, J = 1.9 Hz, 1H), 5.04 (dd, J; = 13.9 Hz, J, = 1.9 Hz, 1H), 4.97 (dd, J; = 13.9 Hz,
J> = 1.9 Hz, 1H)., 3.82 (s, 3H)."*C NMR (125 MHz, CDCl3) 6 171.41, 140.83, 139.55, 132.46,
132.40, 132.04, 130.06, 129.55, 128.73, 128.32, 127.83, 127.31, 126.89, 93.54, 75.19,
52.80. HRMS: calcd 349.0320 for C1gH45Cl,O5[M+H]*, found 349.0360.

Q co,Me

X
Ph

CF
3u 3

3u: colorless liquid, yield 40%; 76% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tnaor = 7.80 Min, fminor =
8.75 min) ; "H NMR(400 MHz, CDCl,): 7.69 (dq, J; = 1.8 Hz, J, = 0.9 Hz, 1H), 7.63 — 7.53 (m,
2H), 7.45 (dt, J; = 7.8 Hz, J, = 0.7 Hz, 1H), 7.32 — 7.19 (m, 5H), 6.50 (s, 1H), 5.06 (dd, J; =
13.8 Hz, J, = 1.9 Hz, 1H), 4.99 (dd, J; = 13.8 Hz, J, = 1.9 Hz, 1H), 3.84 (s, 3H).; 3C NMR
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(125 MHz, CDCl;) & 171.64, 141.03, 140.32, 132.23, 130.80, 128.55, 128.25, 127.89,
127.33, 125.12, 125.09, 124.33, 124.30, 109.79, 94.04, 75.19, 52.75. HRMS: calcd
349.0973 for C19H16F303[M+H]*, found 349.0943.

3vC: colorless liquid, yield 64%; 80% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 11.41 Min, trinor =
15.73 min) ; '"H NMR (500 MHz, CDCl;) 6 7.41 — 7.38 (m, 1H), 7.34 — 7.31 (m, 1H), 7.29 (d,
J=2.0Hz, 1H), 7.25 - 7.20 (m, 3H), 7.00 — 6.87 (m, 2H), 6.44 (t, J = 1.9 Hz, 1H), 5.01 (dd,
Ji = 13.9 Hz, J, = 1.9 Hz, 1H), 4.97 (dd, J; = 13.9 Hz, J, = 1.9 Hz, 1H), 3.82 (s, 3H). 3C
NMR (125 MHz, CDCl;) & 171.51, 141.18, 140.07, 134.37, 129.81, 129.75, 129.53, 128.66,
128.36, 127.51, 127.10, 127.08, 125.47, 115.22, 115.05, 94.12, 74.96, 52.69. HRMS: calcd
333.0616 for C4gH5CIFO3[M+H]*, found 333.0666.

3v': colorless liquid, yield 68%; 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 16.51 Min, trinor =
22.77 min) ; '"H NMR (500 MHz, CDClz) 8 7.71 — 7.65 (m, 2H), 7.27 — 7.20 (m, 2H), 7.14 —
7.08 (m, 2H), 6.98 — 6.91 (m, 2H), 6.44 (t, J = 1.9 Hz, 1H), 5.00 (dd, J; = 13.8 Hz, J, = 2.0
Hz, 1H), 4.94 (dd, J; = 13.8 Hz, J, = 2.0 Hz, 1H), 3.81 (s, 3H). 3C NMR (125 MHz, CDCl3) &
171.67, 139.97, 138.90, 137.45, 129.77, 129.70, 129.25, 127.05, 115.24, 115.06, 94.51,
94.23, 74.91, 52.67. HRMS: calcd 424.9972 for C1gH5F103[M+H]*, found 424.9932.

3wC: colorless liquid, yield 59%; 80% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 11.41 Min, trinor =
15.53 min) ; '"H NMR (500 MHz, CDCl3) 6 7.42 — 7.37 (m, 1H), 7.33 (ddd, J=7.9, 2.1, 1.2 Hz,
1H), 7.31 - 7.21 (m, 5H), 7.21 - 7.16 (m, 2H), 6.50 (t, J = 1.9 Hz, 1H), 5.01 (dd, J; = 14.1 Hz,
J> = 2.0 Hz, 1H), 4.97 (dd, J; = 14.1 Hz, J, = 2.0 Hz, 1H), 3.82 (s, 3H). '3C NMR (126 MHz,
CDCI3) 6 171.46, 141.09, 139.96, 134.42, 134.13, 130.69, 129.58, 129.24, 128.74, 128.38,
127.72, 127.52, 125.48, 94.08, 74.96, 52.72. HRMS: calcd 349.0320 for C4gH5Cl,03[M+H]*,
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found 349.0350.

3w colorless liquid, yield 67%; 88% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fya0r = 15.80 Min, trinor =
22.06 min) ; '"H NMR(400 MHz, CDCI5):67.46 (d, J = 7.8 Hz, 2H), 7.28 (s, 2H), 7.16 (d, J =
7.6 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H), 6.46 (s, 1H), 5.00 (dd, J; = 14.1 Hz, J, = 1.9 Hz, 1H),
4.94 (dd, J; = 14.1 Hz, J, = 1.9 Hz, 1H)., 3.80 (s, 3H), 2.33 (s, 3H).; '*C NMR(100 MHz,
CDCl,): 171.77, 140.68, 138.45, 138.05, 131.85, 131.31, 129.26, 128.90, 127.67, 126.18,
122.48, 94.23, 75.00, 52.72, 21.16. HRMS: calcd 440.9676 for C4gH4ClIO3;[M+H]*, found
440.9696.

3x': colorless liquid, yield 72%; 91% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fya0r = 16.38 Min, trinor =
23.11 min) ; '"H NMR(500 MHz, CDCl;): 8 7.72 — 7.65 (m, 2H), 7.41 — 7.35 (m, 2H), 7.17 —
7.07 (m, 4H), 6.51 (t, J = 1.9 Hz, 1H), 4.99 (dd, J; = 14.1 Hz, J, = 1.9 Hz, 1H), 4.93 (dd, J, =
14.1 Hz, J, = 1.9 Hz, 1H), 3.81 (s, 3H)."*C NMR (125 MHz, CDCl;) & 171.60, 139.92, 138.78,
137.51, 131.36, 131.18, 129.50, 129.26, 127.81, 122.37, 94.61, 94.16, 74.94, 52.71. HRMS:
calcd 484.9171 for C1gH45BrlO;[M+H]*, found 484.9201.

3yC": colorless liquid, yield 56%; 78% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 12.32 MiN, trinor =
16.50min) ; '"H NMR (500 MHz, CDCl;) 6 7.61 — 7.56 (m, 2H), 7.39 (t, J = 1.9 Hz, 1H), 7.36 —
7.24 (m, 3H), 7.22 (dd, J = 1.9, 1.2 Hz, 1H), 7.02 — 6.96 (m, 2H), 6.53 (t, J = 1.9 Hz, 1H), &
4.99 (dd, J; = 14.2 Hz, J, = 1.9 Hz, 1H), 4.95 (dd, J; = 14.2 Hz, J, = 1.9 Hz, 1H)., 3.82 (s,
3H).; 3C NMR (125 MHz, CDCI3) 6 171.44, 141.08, 140.07, 137.32, 134.43, 131.72, 129.66,
129.60, 128.76, 127.88, 127.53, 125.50, 94.10, 94.02, 74.98, 52.74. HRMS: calcd 440.9676
for C1gH15ClHO3[M+H]*, found 440.9696.
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| 3y

3y": colorless liquid, yield 61%; 87% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 17.43 MiN, trinor =
24.84 min) ; '"H NMR(500 MHz, CDCl;): 8 7.71 — 7.65 (m, 2H), 7.61 — 7.55 (m, 2H), 7.13 —
7.07 (m, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.53 (t, J = 1.9 Hz, 1H), 6 4.98 (dd, J; = 14.1 Hz, J, =
1.9 Hz, 1H), 4.93 (dd, J; = 14.1 Hz, J, = 1.9 Hz, 1H), 3.81 (s, 3H)."*C NMR (126 MHz, CDCl3)
0 171.60, 140.00, 138.77, 137.51, 137.33, 131.73, 129.62, 129.26, 127.84, 94.61, 94.13,
94.07, 74.93, 52.71. HRMS: calcd 532.9032 for C1gH14l203[M+H]*, found 532.9052.

3zC: colorless liquid, yield 53%; 78% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fya0r = 10.28 min, trinor =
12.71 min) ; '"H NMR(500 MHz, CDCl;): 6 7.54 — 7.48 (m, 2H), 7.39 — 7.26 (m, 5H), 7.22
(ddd, J=7.8, 1.8, 1.2 Hz, 1H), 6.60 (t, J = 1.9 Hz, 1H), 5.08 — 4.97 (m, 2H), 3.83 (s, 3H).; 13C
NMR (125 MHz, CDCl;) & 171.33, 140.95, 140.04, 135.84, 134.53, 129.67, 129.25, 128.87,
128.22, 127.46, 125.39, 125.13, 125.10, 125.08, 125.04, 94.14, 74.99, 52.76. HRMS: calcd
383.0584 for C4gH4CIF303[M+H]*, found 383.0574.

32" colorless liquid, yield 58%; 90% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 13.63 MiN, trinor =
17.73 min) ; '"H NMR (500 MHz, CDCl5): 6 7.72 — 7.67 (m, 2H), 7.51 (dt, J = 8.2, 0.7 Hz, 2H),
7.37 (dd, J = 8.5, 1.2 Hz, 2H), 7.29 (s, 1H), 7.13 — 7.08 (m, 2H), 6.60 (d, J = 1.9 Hz, 1H),
5.03 (dd, J; = 14.4 Hz, J, = 1.9 Hz, 1H), 4.98 (dd, J, = 14.4 Hz, J, = 2.0 Hz, 1H)., 3.82 (s,
3H). 3C NMR (125 MHz, CDCl;) & 171.49, 139.94, 138.65, 138.08, 137.89, 137.65, 137.59,
131.33, 129.25, 129.16, 128.18, 125.12, 125.09, 125.06, 94.70, 94.25, 74.98, 52.74. HRMS:
calcd 474.9940 for C1gH45F 3105 [M+H]*, found 474.9945.
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CO,Me 3aa®

3aa®: colorless liquid, yield 43%; 76% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tmaor = 17.27 min,
tminor = 21.58 min) ; '"H NMR (500 MHz, CDCls):  7.92 (d, J = 8.8 Hz, 2H), 7.40 (t, J = 1.9 Hz,
1H), 7.36 — 7.24 (m, 5H), 7.24 — 7.19 (m, 1H), 6.62 (t, J = 1.9 Hz, 1H), 5.03 (dd, J; = 14.3 Hz,
J>=1.9 Hz, 1H), 4.99 (dd, J; = 14.3 Hz, J, = 2.0 Hz,1H)., 3.91 (s, 3H), 3.81 (s, 3H).;"3C NMR
(125 MHz, CDCIl3) & 171.39, 166.73, 141.02, 140.32, 136.73, 134.42, 129.59, 129.41,
129.24, 128.77, 127.85, 127.53, 125.48, 94.11, 75.03, 52.73, 52.05. HRMS: calcd 373.0765
for CyoH1gCIOs[M+H]*, found 373.0756.

3aa': colorless liquid, yield 50%; 90% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyajor = 27.76 MiN, trinor =
34.29 min) ; '"H NMR(500 MHz, CDCl5):6 7.95 — 7.89 (m, 2H), 7.68 (d, J = 8.8 Hz, 2H), 7.36
—-7.27 (m, 3H), 7.13 — 7.08 (m, 2H), 6.62 (t, J = 1.9 Hz, 1H), 5.03 (dd, J; =14.3 Hz, J,=1.9
Hz, 1H), 4.97 (dd, J; = 14.3 Hz, J, = 2.0 Hz, 1H)., 3.92 (s, 3H), 3.81 (s, 3H).; '3C NMR (125
MHz, CDCl;) & 171.54, 166.71, 140.26, 138.72, 137.51, 136.74, 129.58, 129.43, 129.25,
129.21, 127.82, 94.62, 94.22, 77.22, 76.97, 76.71, 74.98, 52.71, 52.06. HRMS: calcd
465.0121 for CyyH15105[M+H]*, found 465.0128.

3abC®": colorless liquid, yield 76%; 80% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tnaor = 10.18 min,
tminor = 16.55 min) ; '"H NMR(500 MHz, CDCls): & 7.43 (dt, J = 2.1, 0.9 Hz, 1H), 7.35 — 7.23
(m, 4H), 719 —= 7.13 (m, 2H), 7.11 - 7.04 (m, 2H), 6.47 (t, J = 1.9 Hz, 1H), § 5.01 (dd, J; =
13.7 Hz, J, = 1.9 Hz, 1H), 4.96 (dd, J; = 13.7 Hz, J, = 2.0 Hz), 1H, 3.82 (s, 3H).; 3*C NMR
(126 MHz, CDCl3) & 171.67, 141.49, 140.74, 138.09, 134.21, 129.41, 129.28, 128.91,
128.49, 127.73, 127.71, 126.28, 125.70, 94.07, 75.00, 52.65, 21.03. HRMS: calcd 329.0866
for C19H1gCIO3[M+H]*, found 329.0855.
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3ab': colorless liquid, yield 72%; 86% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fraor = 15.10 Min, trinor =
19.84 min) ; "H NMR (500 MHz, CDCls): 6 7.70 — 7.63 (m, 2H), 7.20 — 7.11 (m, 4H), 7.10 —
7.04 (m, 2H), 6.47 (t, J = 1.9 Hz, 1H), 5.00 (dd, J = 13.8, 1.9 Hz, 1H), 5.00 (dd, J; = 13.8 Hz,
J> = 1.9 Hz, 1H), 4.93 (dd, J; = 13.8 Hz, J, = 2.0 Hz, 1H), 3.80 (s, 3H), 2.33 (s, 3H).; '3C
NMR (125 MHz, CDCl3) 6 171.84, 140.64, 139.19, 138.09, 137.32, 129.48, 129.30, 128.93,
127.69, 126.24, 94.35, 94.15, 74.96, 52.63, 21.03. HRMS: calcd 421.0222 for
C49H1glO3[M+H]*, found 421.0235.

3acC" colorless liquid, yield 78%; 87% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fys0r = 9.10 min,
tminor = 14.21 min) ; '"H NMR(400 MHz, CDCl,;):57.40 (s, 1H), 7.28 (d, J = 4.7 Hz, 1H), 7.24 (d,
J=45Hz, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.07 (d, J = 7.9 Hz, 2H), 6.45 (s, 1H), 4.97 (dd, J, =
13.8 Hz, J, = 1.9 Hz, 1H), 4.93 (dd, J, = 13.8 Hz, J, = 2.0 Hz, 1H), 3.79 (s, 3H), 2.60 (d, J =
7.6 Hz, 2H), 1.20 (t, J = 7.6 Hz, 3H) ; '3C NMR(100 MHz, CDCls): 171.58, 144.30, 141.45,
140.72, 134.17, 129.45, 129.39, 128.47, 127.76, 127.70, 127.66, 126.27, 125.68, 94.10,
75.05, 52.74, 29.70, 15.22 HRMS: calcd 343.1023 for CyH2CIO3[M+H]*, found 343.1056.

Et 3ac'
3ac': colorless liquid, yield 76%; 82% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tnajor = 9.22 Min, fminor =
11.27 min) ; "H NMR(500 MHz, CDCl3): 8 7.70 — 7.64 (m, 2H), 7.29 (s, 1H), 7.23 — 7.06 (m,
6H), 6.48 (t, J = 1.9 Hz, 1H), 5.00 (dd, J; = 13.8 Hz, J, = 1.9 Hz, 1H), 4.93 (dd, J; = 13.8 Hz,
J> = 1.9 Hz, 1H), 3.80 (s, 3H), 2.63 (q, J = 7.6 Hz, 2H), 1.23 (t, J = 7.6 Hz, 3H).; '°C NMR
(126 MHz, CDCl;3) & 171.85, 144.35, 140.63, 139.20, 137.32, 129.50, 129.48, 127.72,
127.71, 126.26, 94.34, 94.15, 74.96, 52.63, 28.36, 15.07. HRMS: calcd 435.0379 for
CooHolO3 [M+H]*, found 435.0367.




3ad®": colorless liquid, yield 78%; 67% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fys0r = 7.64 min,
tminor = 10.68 min) ; "H NMR(400 MHz, CDCI5):567.40 (s, 1H), 7.31 = 7.27 (m, 1H), 7.26 — 7.23
(m, 4H), 7.18 (d, J = 8.3 Hz, 2H), 6.47 (s, 1H), 5.00 (dd, J; = 13.8, J, = 2.0 Hz, 1H), 4.93 (dd,
Ji = 13.8, J, = 2.0 Hz, 1H), 3.79 (s, 3H), 1.28 (s, 9H); 3*C NMR(100 MHz, CDClz): 171.58,
151.14, 141.51, 140.60, 134.17, 129.41, 129.13, 128.47, 127.73, 127.44, 126.30, 125.70,
125.11, 94.09, 75.05, 52.75, 41.99, 31.18. HRMS: calcd 393.1233 for C,,H2305NaCIl[M+Na]*,
found 393.1220.

3ad'": colorless liquid, yield 70%; 71% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 12.65 MiN, trinor =
15.98 min) ; "H NMR (500 MHz, CDCls): 6 7.71 — 7.65 (m, 2H), 7.31 — 7.25 (m, 2H), 7.25 —
7.20 (m, 2H), 7.19 — 7.13 (m, 2H), 6.51 (t, J = 1.9 Hz, 1H), 5.00 (dd, J, = 13.8, J, = 1.9 Hz,
1H), 4.93 (dd, J; = 13.8, J, = 2.0 Hz, 1H), 3.81 (s, 3H), 1.31 (s, 9H). '°C NMR (126 MHz,
CDCl3) 6 171.87, 151.20, 140.47, 139.26, 137.34, 129.57, 129.15, 127.40, 126.33, 125.16,
94.37, 94.14, 74.96, 52.65, 34.45, 31.07. HRMS: calcd 463.0692 for Co,H24103[M+H]*, found
463.0703.

3ae': colorless liquid, yield 81%; 82% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fnaor = 25.29 Min, trinor =
45.43 min) ; '"H NMR(500 MHz, CDCl;): 8 7.70 — 7.64 (m, 2H), 7.25 — 7.19 (m, 2H), 7.17 —
7.11 (m, 2H), 6.82 — 6.76 (m, 2H), 6.41 (t, J = 1.9 Hz, 1H), 4.99 (dd, J; = 13.7 Hz, J, = 1.9
Hz, 1H), 4.92 (dd, J; = 13.6 Hz, J, = 2.0 Hz 1H), 3.81 (s, 3H), 3.80 (s, 3H).; *C NMR (126
MHz, CDCl;) & 171.90, 159.46, 140.14, 139.20, 137.35, 129.50, 129.12, 125.27, 124.61,
113.57, 94.37, 94.16, 74.95, 55.11, 52.63. HRMS: calcd 437.0172 for CigH4glO4[M+H]*,
found 437.0186.




3afc: colorless liquid, yield 61%; 80% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 60 : 1; 254 nm; Retention time: fys0r = 8.46 min,
tminor = 11.25 min); '"H NMR(400 MHz, CDCl;):5 7.41 (d, J = 1.1 Hz, 1H), 7.30 — 7.26 (m, 1H),
7.25-7.21 (m, 2H), 7.05 (s, 1H), 6.98 (d, J = 7.9 Hz, 1H), 6.91 (d, J = 7.9 Hz, 1H), 6.42 (s,
1H), 4.99 (dd, J, = 13.7 Hz, J, = 1.9 Hz, 1H), 4.92 (dd, J; = 13.8 Hz, J, = 2.0 Hz, 1H), 3.79 (s,
3H), 2.20 (d, J = 11.6 Hz, 6H); '3*C NMR (100 MHz, CDCls): 171.60, 141.53, 140.84, 136.77,
136.30, 134.11, 129.72, 129.39, 129.32, 128.96, 128.41, 127.70, 126.07, 125.68, 125.30,
94.05, 75.04, 52.73, 19.82, 19.49. HRMS: calcd 365.0920 for C,,H90sNaCIl[M+Na]*, found
365.0907.

Q co,Me

Me 3af
3af': colorless liquid, yield 74%; 85% ee, determined by HPLC (Daicel Chirapak IA, flow rate:

1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 12.64 MiN, trinor =
16.43 min) ; '"H NMR(500 MHz, CDCl;): 8 7.69 — 7.63 (m, 2H), 7.29 (s, 1H), 7.17 — 7.08 (m,
3H), 7.01 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.45 (t, J = 1.9 Hz, 1H), 4.99 (dd, J, =
13.7 Hz, J, = 1.9 Hz, 1H), 4.92 (dd, J; = 13.8 Hz, J, = 2.0 Hz, 1H), 3.81 (s, 3H), 2.24 (s, 3H),
2.21 (s, 3H).; C NMR (125 MHz, CDCl;) 6 171.88, 140.75, 139.27, 137.26, 136.84, 136.39,
129.75, 129.50, 129.44, 128.90, 126.06, 125.25, 94.27, 94.09, 74.94, 52.62, 19.70, 19.34..
HRMS: calcd 435.0379 for CyoH20lO3[M+H]*, found 435.0398.

3ag®" colorless liquid, yield 71%; 86% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tmaor = 15.03 min,
tminor = 24.37 min) ; '"H NMR(500 MHz, CDCl5): & 7.62 — 7.56 (m, 2H), 7.54 — 7.41 (m, 5H),
7.40 — 7.27 (m, 6H), 6.58 (t, J = 1.9 Hz, 1H), 5.05 (dd, J; = 14.0 Hz, J, = 1.9 Hz, 1H), 4.99
(dd, J; = 14.0 Hz, J, = 2.0 Hz, 1H), 3.85 (s, 3H).; 3*C NMR (126 MHz, CDCI3) d 171.66,
141.39, 140.82, 140.48, 140.37, 134.33, 131.07, 129.53, 128.83, 128.63, 128.25, 127.73,
127.53, 127.14, 126.96, 126.82, 125.70, 94.12, 75.04, 52.72. HRMS: calcd 391.1023 for
C24H50CIO3[M+H]*, found 391.1049.

Q co,Me




3ag'": colorless liquid, yield 73%; 92% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 24.07 MiN, trinor =
48.52 min) ; '"H NMR(400 MHz, CDCI5):67.46 (d, J = 7.8 Hz, 2H), 7.28 (s, 2H), 7.16 (d, J =
7.6 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H), 6.46 (s, 1H), 5.03 (dd, J; = 14.0 Hz, J, = 1.9 Hz, 1H),
4.97 (dd, J; = 13.9 Hz, J, = 2.0 Hz, 1H), 3.80 (s, 3H), 2.33 (s, 3H).; 3C NMR(100 MHz,
CDCl,): 171.77, 140.68, 138.45, 138.05, 131.85, 131.31, 129.26, 128.90, 127.67, 126.18,
122.48, 94.23, 75.00, 52.72, 21.16. HRMS: calcd 483.0379 for C,4H49lO3[M+H]*, found
483.0386.

3ah': colorless liquid, yield 80%; 93% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyajor = 15.77 Min, trinor =
24.45 min) ; '"H NMR(500 MHz, CDCl3): 6 7.72 — 7.66 (m, 2H), 7.48 (dt, J = 2.1, 0.9 Hz, 1H),
7.40 (ddd, J=6.2, 3.0, 2.0 Hz, 1H), 7.29 (s, 1H), 7.14 — 7.07 (m, 4H), 6.51 (t, J = 1.9 Hz, 1H),
5.01 (dd, J = 14.2, 1.9 Hz, 1H), 5.01 (dd, J; = 14.2 Hz, J, = 1.9 Hz, 1H), 4.95 (dd, J; = 14.1
Hz, J, = 2.0 Hz, 1H), 3.82 (s, 3H).; *C NMR (125 MHz, CDCl;) & 171.51, 139.82, 138.72,
137.48, 134.46, 131.13, 130.85, 129.67, 129.16, 128.46, 126.52, 122.25, 94.58, 94.15,
74.88, 52.73. HRMS: calcd 483.9171 for C1gH45BrlO3;[M+H]*, found 483.9179.

3aic": colorless liquid, yield 73%; 85% ee, determined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fys0r = 9.48 min,
tminor = 14.60 min) ; '"H NMR(400 MHz, CDCls): & 7.43 (dt, J = 2.1, 0.9 Hz, 1H), 7.34 — 7.23
(m, 4H), 718 = 7.11 (m, 1H), 7.11 — 7.07 (m, 2H), 7.04 — 6.98 (m, 1H), 6.47 (t, J = 1.9 Hz,
1H), 5.02 (dd, J = 13.8, 1.9 Hz, 1H), 5.02 (dd, J; = 13.8 Hz, J, =1.9 Hz, 1H), 4.96 (dd, J; =
13.8 Hz, J, = 2.0 Hz, 1H), 3.82 (s, 3H), 2.31 (s, 3H).; '*C NMR(125 MHz, CDCl;): 5 171.63,
141.45, 141.14, 137.74, 134.16, 132.24, 129.35, 128.96, 128.56, 128.46, 128.05, 127.65,
126.93, 125.61, 125.03, 94.06, 75.01, 52.66, 21.29. HRMS: calcd 329.0866 for
C49H1CIO3[M+H]*, found 329.0878.

Q co,Me

3ai': colorless liquid, yield 75%; 85% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
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1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fyaor = 13.07 MiN, trinor =
18.14 min) ; '"H NMR(400 MHz, CDCl5): 8 7.70 — 7.64 (m, 2H), 7.18 — 7.06 (m, 5H), 7.01 (d,
J=75Hz 1H), 6.48 (t, J= 1.9 Hz, 1H), 5.01 (dd, J; = 13.8 Hz, J, = 1.9 Hz, 1H), 4.93 (dd, J;
=13.8 Hz, J, = 1.9 Hz, 1H), 3.81 (s, 3H), 2.31 (s, 3H).; '*C NMR(125 MHz, CDCl5): 5 171.81,
141.00, 139.18, 137.79, 137.27, 132.25, 129.43, 128.97, 128.47, 128.08, 126.94, 124.94,
94.31, 94.14, 74.96, 52.64, 21.32. HRMS: calcd 421.0222 for CigHglO5[M+H]*, found

421.0249. o} CO,Me

3a'CI
3aj°": colorless liquid, yield 40%; 72% ee, deterrjnined by HPLC (Daicel Chirapak IA, flow
rate: 1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: tmaor = 11.39 min,
tminor = 19.98 min) ; 'TH NMR (500 MHz, CDCl5): 6 7.46 — 7.41 (m, 1H), 7.36 — 7.27 (m, 4H),
7.21 (dd, J=5.1, 1.2 Hz, 1H), 6.92 — 6.82 (m, 2H), 6.46 (t, J = 2.0 Hz, 1H), 5.00 (J, = 141
Hz, J, = 2.0 Hz, 1H), 4.95 (dd, J; = 14.1 Hz, J, = 2.1 Hz, 1H), 3.85 (s, 3H).; *C NMR (125
MHz, CDCl;) & 171.31, 140.92, 134.92, 134.76, 134.27, 129.51, 128.79, 127.90, 127.46,
127.35, 126.33, 125.81, 125.52, 94.09, 75.01, 52.72. HRMS: calcd 321.0274 for

C16H14C|O3S[M+H]+, found 321.0292. 0
CO,Me

3aj": colorless liquid, yield 48%; 77% ee, determined by HPLC (Daicel Chirapak IA, flow rate:
1.0 mL/min; hexane / isopropanol = 50 : 1; 254 nm; Retention time: fraor = 19.19 Min, trinor =
29.04 min) ; "H NMR (500 MHz, CDCl5): 8 7.72 — 7.66 (m, 2H), 7.23 — 7.14 (m, 3H), 6.91 —
6.81 (m, 2H), 6.45 (t, J = 2.0 Hz, 1H), 4.99 (dd, J; = 14.1 Hz, J, = 2.0 Hz, 1H), 4.93 (dd, J, =
14.1 Hz, J, = 2.1 Hz, 1H), 3.84 (s, 3H).; "*C NMR (126 MHz, CDCl;) 6 171.49, 138.63,
137.43, 134.83, 134.81, 129.59, 127.47, 127.37, 126.31, 125.50, 94.69, 94.23, 74.97, 52.70.;
HRMS: calcd 411.9630 for C4gH14103S[M+H]*, found 411.9656.
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E. Mechanistic experiments

1. Titration of (R)-3,5-DM-BINAP into AgSbF¢ in 'H NMR analysis

AgSbFg: (R)- 3,5-DMBINAP = 4:1

| F1
WARvMY Y | | l
| I AgSbF;: (R)-3,5-DMBINAP = 3.1
IAALAAL L Ul';/"u'g B I N W I I S
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AgSbFe: (R)-3,5-DMBINAP = 1.8:1
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A | AgSbF5: (R)35-DMBINAP = 1611
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AgSbFe: (R)-3,5-DMBINAP = 1.4:1
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Figure S1: Stacked spectra of '"H NMR of AgSbF6 and (R)-3,5-DM-BINAP with ratio of 0:1, 1:1, 2:1,
3:1, and 4:1. We observed a stable complex signal when the ratio was increased to 1:2 (Supporting
information, Figure S1), suggesting that the complex of (R)-3,5-DM-BINAP and AgSbFg adopted a 1:2

coordination in the reaction.
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2. Titration of (R)-3,5-DM-BINAP into AgSbF; in *'P NMR analysis

AgSbFg: (R)- 3,5-DMBINAP = 4:1 s
AgSbFg: (R)-3,5-DMBINAP = 3:1 k10
AgSbFg: (R)-3,5-DMBINAP = 2:1 Lo
AgSbFg: (R)-3,5-DMBINAP = 1.8:1 b
I AgSbFy: (R)-3,5-DMBINAP = 1.6:1 b7
L AgSbF: (R)-3,5-DMBINAP = 1.4:1 *
. AgSbFy: (R)-3,5-DMBINAP = 1.2:1 ks
. AgSbFg: (R)-3,5-DMBINAP = 1:1 4
AgSbF;: (R)-3,5-DMBINAP = 1:2 3
1 y AgSbFy;: (R)-3,5-DMBINAP = 1:3 2
(R)-3,5-DMBINAP *
140 120 100 80 60 40 20 0 80  -100 -120 -140 -160 -180 -200 -220  -240

.4f01 (DD"’;)SD
Figure S2: Stacked spectra of 3'P NMR of AgSbFg and (R)-3,5-DM-BINAP with ratio of 0:1, 1:1, 2:1,
3:1, and 4:1. 3P NMR for 1:1 shows the presence of fine free phosphine peaks along with broad
peaks due to complex formation, whereas, the absence of free phosphine peaks and presence of only
broad pattern for remaining ratios (1:2, 1:3, 1:4) also suggest a 1:2 ratio is needed for complete
conversion of (R)-3,5-DM-BINAP to the active chiral catalytic complex.
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3. HMRS analysis of the [(R)-3,5-DM-BINAP](AgSbF),

Elemental Composition Report

Single Mass Analysis
Tolerance = 1000.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:26-26 H:24-24 P:1-1 Ag: 01

HWH-GK-5-C 32 (0.639)

1. TOF MS ES+
3.02e+002

475.0436

Oe i r|475 5558 476.0522
P-Ag 474.0601 | 7| (¢

P-Ag

T
”474,,5558
|

Ar = 3,5-dimethylphenyl 'l ’! ||
|

L J‘I4765649

\
J". H \477 0779477 5270

miz
470.0 471.0 4720 473.0 4740 475.0 476.0 477.0 478.0 479.0 480.0 481.0 482.0 483.0

Figure S3: High resolution mass spectrometry (HRMS) of [(R)-3,5-DM-BINAP](AgSbFs),
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5. Nonlinear effect of silver catalyst
N, Ph

AgSbFg (20 mol%) o CO,Me
CoMe ‘ ‘ (R)-3,5-DM-BINAP (10 mol%) :
DCM, 4A MS, 25°C, dark —
HO Ph
Cl 1 2a 31 Cl

Scheme S5. Nonlinear effect of [(R)-3,5-DM-BINAP](AgSbFg),

An oven-dried vial was charged with 50 mg 4A MS, (R)-3,5-DM-BINAP (0.01 mmol; 20%
ee, 40% ee, 60% ee, 80% ee and 100% ee; Daicel Chirapak OD-H, flow rate: 1.0 mL/ min,
hexane: isopropanol= 800:1), AgSbF; (0.02 mmol) and anhydrous dichloromethane (0.5 mL)
at 25°C. The mixture was stirred for 2 h, and a solution of phenyl propargyl alcohol (0.05
mmol) in anhydrous dichloromethane (0.5 mL) was added. After stirring for 1 h, a solution of
diazoacetate (0.075 mmol) in anhydrous dichloromethane (1 mL) was added slowly. An
aliquot of the mixture was taken out after stirring for 12 h. For each reaction using different
ee value of the catalyst, the ee value of the target product was determined by HPLC (Daicel
Chirapak IA, flow rate: 1.0 mL/min, hexane/ isopropanol = 50:1; 254 nm; retention time: fmajor
= 10.87 min, tninor = 14.84 min). The template reaction of 11 and 2a leading to 3l had a
positive nonlinear effect (Figure S1). This finding suggests that there is possibly more than
one equivalent of chiral silver catalyst binding to the substrate in the key transition state.

6. Control experiment of using Rh(OAc), as a cocatalyst

N, Ph 9 (10 mol%)

Rh,(OAC), (5 mol% o, FoMe
cCoMe || 2(OAc), (5 mol%) :
DCM, 4A MS, 25°C, dark —
HO Ph
Cl 1 2a 31 Cl

43%, 77% ee

Scheme S6. Control experiment of using Rh,(OAc), as a cocatalyst leads to the decrease in
chemoselectivity and enantioselectivity.

An oven-dried vial was charged with 100 mg 4 A MS, (R)-3,5-DM-BINAP (10 mol%), AgSbFg
(20 mol%), Rhy(OACc)4 (5% mol%) and anhydrous dichloromethane (0.5 mL) at 25°C in dark.
The mixture was stirred for 2 h, and a solution of phenyl propargyl alcohol (0.1 mmol) in
anhydrous dichloromethane (0.5 mL) was added. After stirring for 1 h, a solution of
diazoacetate (0.15 mmol) in anhydrous dichloromethane (2 mL) was added slowly. After
stirring for 48 h, 4 A MS were filtered and the solvent was removed to give the crude product.
The crude product was then purified by flash chromatography on silica gel (PE/EA =
40:1~20:1) to give the pure product. Then the pure product 3l was applied to NMR and chiral
HPLC analysis.

7. Kinetic Study: determination of the catalyst order
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Ph

N2 AngFG o pone
+ | | (R)-3,5-DM-BINAP N
COzMe DCM, 4A MS, 25°C, dark \—
HO Ph
cl 1l 2a 31 Cl

Scheme S7. Kinetic study of [(R)-3,5-DM-BINAP](AgSbFg),-catalyzed formal [4+1] cycloaddition
An oven-dried vial was charged with 100 mg 4A MS, (R)-3,5-DM-BINAP (0.005 mmol, 5
mol%; 0.010 mmol, 10 mol%; 0.015 mmol, 15 mol%; 0.020 mmol, 20 mol%), AgSbF¢ (2
equiv of BINAP ligand) and anhydrous dichloromethane (0.5 mL) at 25°C. The mixture was
stirred for 2 h, and a solution of phenyl propargyl alcohol (0.1 mmol) in anhydrous
dichloromethane (0.5 mL) was added. After stirring for 1 h, a solution of diazoacetate 1l
(0.15 mmol) in anhydrous dichloromethane (2 mL) was added slowly. An aliquot of the
reaction mixture (0.2 mL) was taken out in every 30 min. After simple work-up to remove 4A
MS, the conversion of the sample (Figure S5) was measured by HPLC (Waters 2695,
Kromasil 100-5C18, flow rate: 1.0 mL / min; water / aceto- nitrile = 1:1).
The initial reaction rate V, was obtained for each catalyst loading. Then we found a linear
correlation between V, and the square of catalyst loading, which indicates second order
kinetics of the chiral silver catalyst (Table S2 and Figure S6).
The calculation of initial reaction rate. F(t): correlation of HPLC product yield and time,
G(t): correlation of product concentration and time; n: the reaction scale; V: the total volume
of the reaction mixture. The initial rate = G(0) = nF(0)/V.
Possible reason to explain why the reaction kinetics contains the induction period.
Since the reaction requires the bifunctionality of 9 which coordinates with carbene and
alkyne separately. We assume it needs a short time to get to the equilibrium with the bi-
catalysts coordination model as the major coordination model. This is probably why the
reaction rate increases after 10-20% conversion.

/M 0.25
< :
& 04 S 02
203 - Iz
wn . |
§ / E 0.15 ®
/
Q0.1 - - 0.05
-
0 — 0
0 05 1 15 2 25 3 35 0 05 1 1.5 2 25 3
Time/h Time/h
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Figure S4: Real-time monitoring of conversion of reactions. A) 5 mol% catalyst loading; B) 10 mol%
catalyst loading; C) 15 mol% catalyst loading; D) 20 mol% catalyst loading. The initial reaction rate V,
was obtained for each catalyst loading. Then we found a linear correlation between V, and the square
of catalyst loading, which indicates second order kinetics of the chiral silver catalyst.

Table S2: the relationship of initial rate and square of catalyst concentration

Entry catalyst loading (mol %) C*C (mol?/L?) Vo (mol-L-*-h-1)
A 5 0.00008 0.00526
B 10 0.00033 0.00771
C 15 0.00075 0.01251
D 20 0.00133 0.01758

F. Derivatization of enantiopure 2,5-dihydrofuran 3k

o PCC,KOAC  o_ O/
(S)["'"CO,Me > (S)["""CO,Me
— DCE, reflux —

3k 7k

Scheme S8 preparation of lactone 7k

Procedure for PCC oxidation of 2,5-dihydrofuran (S)-3k:® To a 20 mL flask, (S)-3k (0.2
mmol) was added. Then PCC (0.4 mmol, 2.0 equiv) dissolved in DCE and KOAc (0.4 mmol,
2.0 equiv) were added. After refluxing for 2 h, the reaction was cooled to 25°C and
quenched with saturated NH,Cl. The aqueous phase was extracted with ethyl acetate 3
times. The combined organic phase was dried with anhydrous Na,SO, The solvent was
removed with vacuum rotator, affording the crude product. Then the crude product was
purified by flash chromatography on silica gel (PE/EA = 10:1~5:1) to give the pure product
7k.
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7k: white solid, yield 65%; 91% ee, determined by HPLC (Daicel Chirapak IA, flow rate: 1.0
mL/min; hexane / isopropanol = 80 : 1; 254 nm; Retention time: tnaor = 41.04 min, tminer =
38.26 min); '"H NMR(400 MHz, CDCl;):67.53 (d, J = 1.8 Hz, 2H), 7.46 (t, J = 7.4 Hz, 3H),
741 —-7.33 (m, 2H), 7.28 (d, J = 7.8 Hz, 1H), 7.23 (t, J = 8.1 Hz, 1H), 6.62 (s, 1H), 3.83 (s,
3H). 3C NMR (100 MHz, CDCl;): 5 170.60, 167.58, 164.64, 136.69, 132.87, 131.66, 131.11,
130.14, 128.94, 128.64, 126.64, 122.69, 122.26, 116.67, 89.98, 53.90. HRMS: calcd
394.9895 for CgH43BrO4,Na[M+Na]*, found 394.9881.

G. Reference
1. (a) Liang, Y.; Xie, Y.; Li, J. Modified palladium-catalyzed Sonogashira cross- coupling
reactions under copper-, amine-, and solvent-free conditions. Adv. Synth. Catal. 2006, 348,
545 — 550. (b) Kleinbeck, F.; Toste, F. D. Gold (l)-catalyzed enantioselective ring expansion
of allenylcyclopropanols. J. Am. Chem. Soc., 2009, 131, 9178-917.
2. (a) Starmans, W. A. J.; Thijs, L.; Zwanenburg, B. Novel chiral dirhodium catalysts derived
from aziridine and azetidine carboxylic acid for intermolecular cyclopropana- tion reactions
with methyl phenyldiazoacetate. Tetrahedron, 1998, 54, 629-636. (b) Yu, W. Y.; Tsoi, Y. T;
Zhou, Z.; Chan, A. S. C. Palladium-catalyzed cross coupling reaction of benzyl bromides
with diazoesters for stereoselective synthesis of (E) - a, B —diarylacrylates. Org. Lett. 2009,
11, 469-472.
3. Bonadies, F.; Bonini, C. Oxidation of active methylene compounds by pyridinium
chlorochromate. Syn. Comm, 1988, 18, 1573-1580.
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l. HPLC of 2,5-dihydrofurans

Signal[mV]
T
>0

L
1
E——
20.70000

Ril.] 40
Time [Min.]

Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area

(%)
1 11.27583 1692.14 50.2867
2 20.70000 1672.84 49.7133
total 3364.98 100

77



Signal[mV]

1=

20—

0]
S A ' ‘COzMe
== Ph

Ph
3a

&=

11,09417

20.78533

78

i
oa a E0 an 1Zo 21.]Time [Mln-l'jtﬂ
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 11.09417 3289.07 89.0713
2 20.78583 403.56 10.9287
total 3692.63 100
DAD1 D, Sig=254.4 Ref=360,4 (PH-2HF-2.002-0201.D)
DAY 0] 2
50 CO,Me | R .
o N | 2 &
30 Ph | ?'. fm;m
20 Ph N,
5 N (115 YORUS VAR | . 1 R . e
0 é IIIJ ‘I|5 2|5
k BetTime Type Width Area Area
min] [min] [mAU*s] %

1 12.886 MM 0.6201 2382.26392 64.03099 49.5790
2 27.137 MM 1.4242 2422 ,72339 28.35248 50.4210
als 4804.98730 92.38347




DADT [, Sig=254 4 Ral=360,4 [PR-2HF-2001-0101,0)

rni.l_l—g o
400 3 . .\CO,Me S’
00 3 Ph "

3 | | A
003 Ph | I
1003 3a [ X ¥

PE J L ¢ ,ﬁﬂ__'_

—tY—7————— T
o B 10 1B 20 25
Peak RetTime Type Width Ares Height Lres
: A
# [min] [min] [mAl*z] [mAml] J

= -...---.-.-l
1 12.589 PB 0.5300 1.E8&55624 4%%.25446 30,5756

2 26.633 MM 1.0943 1%41.53723 2%. 64433 3.4244

Totals @ 2.06011e4 22%.13879

85—

14.60333

254~

201 54750

=5 3 ¢ < e 1o 1o 1a ! z'éi:me EMm_z]é"
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area (%)
1 14.60333 6417.80 50.2508
2 20.54750 6353.75 49.7492
total 12771.55 100
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S‘ 280+
E 5
s
E} 170 s
(7]
: ;
“m;lll ! 311 ' EI:I I 3!I'I ' 1£D ' Ig.l: ! 1;0 ! '1].0 ' 2 ' 2'!:I : 3.ln.l'l
Time [Min.]
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 15.12167 2700.66 93.4937
2 21.22167 187.94 6.5063
total 2888.61 100
DAl O, @:?&4,4 Fat=360,4 (CLBR-2HF005-0601 .00
il COsMe ‘é g 5
E 3 &
md XX & &
] [ N
“1  Ph ol
108 —z I| "-_\L | 4
ﬂ—:4(-rae)-3b—5-' o ~ : k. S
I 3 ) : I T T T ) T T T T T T 4 T . T T T T 4 ! T U I J
o <] 10 15 20 25
Peak RebtTime Type Widtbh Aria Height Area
i [min] [mir] [ mAil* = | [mAld] 1
e e T R ety e e ey e e
1 1&£.517 BE 0.6398 1.7%112e4 347 .43658 50.7E1S
2 24.040 MM 10642 1.735%5=4 271 .Bee0E  4%.21E5
Totals : 3.52711e4 00%. 30264
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DADY [, Sig=2h4 4 Rel=3604 (CLBR-ZHF00S-0501.0)

v Q co,Me E
NS |
i I 5
100 Ph || Il'.\' E _\rﬁ
L 3b Br s - 33“1
T 77717 T T T T 17 T T T 1T 1T T T T T T T T T I
o 5 10 18 20 25 mn
FPeak RetTime Type Widkh By Height fresa
i mLm [min] [mAll* x| [ mALl] 1.'
e P e St o L i
1 1&.638 BB D.6428 1.%7020a4 436 33389 93,5590
2 24.159 MM 0.8871 135&.36487 25 . 4B320 Ga.4410
Totals 2.10564e4 461 .81710
4TI a
8
z Q co,Me /\ :
2 XN | "
C%h 25—
Ph }
" (rac)-3c Cl j
-‘e;ﬂ ' ICIlD ! IZI.I: ' 1l[.l'l ! IEIG ! ISI':I ' Zg.ﬂ ' 1!]) ' ]il.l! ! K!.D
' } ime [Min_]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area (%)
1 14.56833 8788.07 50.0014
2 21.40417 8787.60 49.9986
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total

17575.67 100

=
E
= g
w z
oo S
3‘::I-:I : 140 ; 12'.[ : Il[.l'l K IEI a e 134 d 1.0 : l‘j o : "i[.I: ? Eluﬂ
] ' ' “Time [Min]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 14.74917 1523.67 93.9648
2 21.87333 97.86 6.0352
total 1621.54 100
DADY [, Sig=254 4 Fal=360,4 (P-CL-2HFO0-0101,0)
mAL 3 0 coM 5 £
i 2Vie " &
m- N\~ | |I )
150 3 M\
100 3 Ph | | [\
P | X 2
g (rac)-3¢ Cl! fo e e .
ﬂ 1 1 1 1 é‘ 1 1 1 1 1|[I 1 1 1 1 1|5 T T 1 1 2|IJ 1 1 T 1 mn
Peak RetTime Type Width Lraa Height Lraa
# ML [min] [mall*s] [mall] !
saeSilEni———t e e | —— - et I
1 14.137 BB D.5483 1.,12307«49 289 659493 50,1026
Z2 20.605 BE D.EO1I0 1.11E47a4 198 . 01602 49,8574
2.Z241535a9 JET,.T1545

Totals ¢
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Signal[mV)

A 5 g \5-"
N E L
200 9 | g
| * o
150 4 | k=]
100 4 | E __\'éh
3 i e R
: J B %3 |
R R R R T B
Feak FRetTime Type Width Aran Height hreas
i min| [min] [mail*s] [mafil] %
LY LY
| e | ———= = [ = | ——————= | ———————— [
1 14.209 MM D572 1.21147&4 J0T.21481 b e
2 ZD0.B99 MM p.8684 113:5.559058 21 .79458 B, 5703
Totals : 1.3z25035=4 2% . D0%935
300 =
= —Q co,Me
N
7 Ph
e
11 (rac)-3clvI
T
-'x';!-:l ! 0o : HI.II 4 1EI.-:I d Z'.!.Cl : Ill: ! B&H ! ! ; . ESI.-:I g )
Time [Min.]

Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area

(%)
1 15.0900 1617.22 50.84
2 32.97250 1563.51 49.16
total 3180.74 100
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200=

Signal[mV]

R T . R T Er ! 'Tim :'_.fmm_]
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 15.07417 1008.42 87.826
2 32.69750 139.76 12.1720
total 1148.17 100

DALY [, Sig=254 4 Rat=360,4 [PAE-2HR 0020201 1)

] 0]
mill 3 CO,Me % $ ¥
] X , 5?1’ & »ﬁﬁj
"1 Ph | -, A
2{]-: | '|I |I 't_‘
] (rac)-3d"® A N
04 R e ol — ]
0 5 10 1 2 = » i
Feak RetTime Type Widrth Aran Heilght Bre s
H min| [min] [maf*s] [ Eir 3
———|————— | ———— | ——————- | ———————— | ———————— | ——————— I
1 14.982 MM 0.6822 30BZ.02734 T, 29202 50.4371
2 Z2B.959 MM 1.3227 3028.61255 I 16206 49,5629

Totals

6110.632989
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AL [, Sig=rtd,4 Fial=350,4 [F-IE-2HF00-0101,0]
rnhLI_ ]
&
EE | &
3 5
: i! : &
EE e ' g
1 sa M L% ..
0 ' it i5 i : , i
Feak RetTime Type Width Ares Height hrea
# mLin [min] [mAll*sg] [mAu] ]
S, gy

1 15.059 MM 0.7117 4782.46361
2 25.14% MM 1.2811 543.84296

11

1.5%453 83,5174

12.27835 16,4826

Totals 5726 .29657  124,27388
2
835 §
< Q co,Me
£ x
g
o =7 Ph 3
(rac)-3e OMe s
I\ .

EJI.U e Egli :
Time [Min.]

Peak NO. Retention time (min) Peak area (mV.sec)

Percentage of area
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(%)

1 18.96667 11745.68 49.8801
2 42.15750 11802.16 50.1199
total 23547.84 100
< =
=
E, -
b_'} M-
J s
ca 100 124 X0 5 [ a0 380 E]Tlme [Mln-ljlll
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 15.26250 12538.32 85.3815
2 37.45500 2146.73 14.6185
total 14685.05 100
DAL T, Gig=2%4 4 Rel=360,4 (PMP-2HFa01-0101 )
il —Q co,Me 3 9
] X 3 &
[ " ¥
2004
@l Ph | '. I%P
VE |
15:,_ (rac)-3e OMe |\ | L
LE e e | A ——l_'I e
1] IS llﬂ 1|5 2IB 2|5 mir|
Peak RetTime Type Widbh Brea Height B
B ML [min] [mAll* 5] [ mAll] %
e e e e e e s e e e e e e s e e
1 l0.361 BE D.41498 9783 . 11914 334.94330 50.57EB
£ 19.554 MM 0D.9815 355% . 20020 162 . 32405 49 4212
Totals : 1.%3425e4 457 . 26735
Q COMe 86
3e OMe



DA [, Sig=7td 4 Rel=3604 (PMP-2HFO02.0201,0)

Pt ;

814

1

il 4 II

e |

2 | Ili §

e el .|| \H,. L ﬂ!"'-.r

n T T T T |H T 1 1 T 1|rI T 1 1 T 1|F| T T 1 T ?51 1 T T T :Ilg 1 T T T m
Feak RetTime Type Width Araa Height Area
# Foin [min] [mall*s] [mall] &

el et | === | === e | == T | ==t e | === |
1 11.068 BB 0.4442 3066.42725 97.16975 90.8070
2 21.060 PB  0.5679 310.43506  &.6BZBY  3.1530

Totals : 3376.B6230 103.B5264
1138 —
550—
i Q co,Me
5 NS
':,-E'f ol OMe
Ph g
B g
OMe 8 ]
=5 (rac)-3f 2
158 —
e | T T v T T 1 T 1 T T 1 1 T 1 T T 1 1 ]
640 L} 140 180 o x.0 304 220

24 =0
Time [Min_]
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Peak NO.

Retention time (min)

Peak area (mV.sec)

Percentage of area

(%)
1 35.53000 17204.81 50.2179
2 40.255500 17055.52 49.7821
total 34260.33 100
s "
£ g
= 4
- - OMe "
oy
2
| OMe .
m;l-l ! 00 14.0 ! 1;.0 ! l.lt ! EI.II ' ;CI:I ! 40 ! . ! u!: g -’-él.l!
' Time Min_]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 34.43917 2547.98 84.3564
2 38.98333 472.51 15.6436
total 3020.49 100
Q co,Me
E1Em \
= OMe
T Ph
@ ™ OMe .
MeO (rac)-3g9 E .
23— ﬁ
"
%60 154 o =a =D o 340 e Tlrlll.:]]e [Mln-&]l[l
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Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 24.36000 7766.39 51.7724
2 36.30833 7234.64 48.2276
total 15001.03 100
S‘ 18— .
= 8
160 184 i =3 =D HO Mo o T”frl:.l:le [Mlnlj?_ll
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 23.51667 396.60 10.6443
2 34.21583 3329.32 89.3557
total 3725.92 100
DADT [3, 'ig:xd.-t Faf=350,4 [Hbl:ﬂ-HF'r:IIN-(IIDI.D:-
mall 5 ép.@. :R; ‘\;___3?
10 g FX
5 I; "\ | ‘\\._
o - — S ———— : - —
Peak RetTime Type Width Area Height Aea
[} mLn [min] [ mALT* ] [ mAgl] 7
i (o s e | e AT i
1 11.211 MM D.5603 1000 .1B2592 2% . 74970 4% .&1l&6E
£ 15.4967 MM D.8269 104015 .&63086 2047054 SO 3E32
Totals 2015.81378 L. 22024
Q coMe
OMe
OMe
MeO KTo] 89



BADT O, Sig=24, 4 Ral=360,4 [FMEG-HFO02-0201.0]
mALl

g o
B o
g & (¥
i [
= )
. TR, B SOV B,
77T T T T T 7T T T T T T T T T T T T T T T T
a a5 5 15 10 125 15 175 20
Peak RetTime Type Widkh Py Height foresa
} i
i I imj.r|| | | [min] | [mAll* x| I [ mALl] | ¥
1 11.345 MM D.5413 &10.50043 18, 796BS 15,1334
2 1lb.240 MM 0.8335 3423 _63308 af. 45818 84.88EE
Totals : 4034.13348 B7.25503
= [Q coMe
N n
5 OBn g
(7] Ph 3z
OB f
n =
| BnO e
(rac)-3h
Q;Iﬂ R 15'D 2 E[II ) JEI.G k -‘EI.I:I g 5;D : ESE..D 5 "‘l % SiJﬂ )
Time [Min.]




Peak NO. Retention time (min) Peak area (mV.sec)

Percentage of area (%)

1 44.60750 21969.15 49.3153
2 75.17250 22579.16 50.6847
total 44548.31 100
9 NE—=
E
=
E’ 151 = B
@
a:':I-:I * 1 'E : Elull : ;EI a * SEI'J : =‘! o : 5:'LI'I d "=I ; SEI-:I
i ’ B Time [Min.]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 46.87333 2494 .37 16.1111
2 78.16167 12987.94 83.8889
total 15482.32 100
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T3E—

550=

o o Q co,Me
E NN
% Br
& 1T Ph g
| (rac)-3k [\ -
[
J\
[-%: 1] 70 200 500 fooo 1100 1200 1=00 1400 1500 1500 1700 1200 TlrirT.g][Mln?lﬂl
Peak NO. Retention time (min)  Peak area (mV.sec) Percentage of area
(%)
1 10.87000 3628.98 50.0720
2 14.84417 3618.53 49.9280
total 7247.51 100
9 Lr)
E
E—.IDCI T..I:D H..I:D 5.]]3 ! 1 il.!C( ' 1 IICCI : 1 1150 ! 1 3'[\] ! 1 ﬂll:{l ' 1. 5![{] ] 16‘[\] 1?‘({1 . 16![‘] 1|_ Ir1rTréﬂ [P;‘ I nﬁ! i}
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 11.50667 820.22 94.0869
2 15.45250 51.55 5.9131
total 871.77 100
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T Cl
i | Ph

. (rac)-3l

0 84333

—

14.89417

1EI.:I ; Ilnll
Time [Min.]

Peak NO. Retention time (min)

Peak area (mV.sec)

Percentage of area

(%)
1 10.84333 693.46 50.0540
2 14.89417 691.96 49.9460
total 1385.96 100

Signal[mV]

85417

10

——

e

1497833

da e
Tima [hin 1

Peak NO. Retention time (min)

Peak area (mV.sec)

Percentage of area

(%)
1 10.85417 679.18 95.2978
2 14.97583 33.51 4.7022
total 712.69 100
Q CO,Me 93
S
Cl
Ph

(rac)-3l



mALl "

| Lf’\.

25 : 75 ) 125 1 115 2 _mn
Feak RetTine Type Width hrea H=ight hrea
i ] %
& TERTT [min] [mAD*5] Lmatr]

LS SN N e T T T . S S —"

1 11.071 BB O.4208 2928, 323251 A7.38T3I0 50.4768
2 15,132 PB 0.56% 2B73.00220 71.07188 49 5232

Totals : SEO01,324T7L 168.45018

Q co,Me

i 4 cl E\ &

100 - J &

7E 3

50 | z 'P’#

25 ] 3l / ol

o . i

8 s 5 75 0 125 15 175 2 _min
FPeak RetTime Type Width fres Height fres

i |rnIr.|I [mimn] [RAU*s] | miid] g

| | e | o e | =T e | o e | |
1 11,069 MM 0.5157 4770.333%8 154.17871 95,0573
2 15,119 MM D.4750 248.04237  B.70309  4.9427

Tetala 3 aDlg, 37636 162 .38150
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> 467 Q COzBUt
E N
:g;» Cl
» " Ph
(rac)-3I'
00 20 40 60 8.0 8o 120 14.0 160 %li)me [Mm-z]u'.o
Peak NO. Retention time (min)  Peak area (mV.sec) Percentage of area
(%)
1 5.28417 1044.22 50.4962
2 6.15917 1023.69 49.5038
total 2067.91 100
S“ 81
E
% 58
0o 20 a0 60 80 10.0 120 140 180 %;me [Min?}n‘n
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 5.28333 259.71 77.8760
2 6.16000 73.78 22.1240
total 333.50 100
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Signal[mV]

55.0

<1 Q _co,Bn
£, N
g Cl
5 254 Ph
- (rac)-3I"
00 30 60 90 12,0 150 18.0 Time ﬁ{ﬁin_]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 9.61667 114.19 49.7749
2 14.76250 115.22 50.2251
total 229.41 100
3III
D'D 3'0 EID 90 120 150 180 210 240 2_|T_I|Jme [Mln@)] 0
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 9.61083 217.10 90.8588
2 14.78500 21.84 9.1412
total 333.50 100
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5 = z >
(7] g
D= ||ﬂll A
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|
\
J A
'O:IIIJ ' B [CC ! S.I:-:I ! |[II-I- ' 1 |ICI'I ! 1EIIIZI ! |3|-I- ! 1 alw 15[[}] 1EIII ! b TIEl'l ' |3!I}:I
h ' ' ' ' Time [Min ]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 8.42417 421.13 49.4675
2 11.95083 430.19 50.5325
total 851.32 100
‘;u Rl
E
™
_Eﬁ 115=
@ g
|
Ilk
10"-|W ' E IEI : QI:CI " 1D1-I- : 1 1Iﬂl g 12II}J " |3|-I- i 1 -’-IOD ’ |S!-L‘:I ' IEIJJ ; 1 TIC(I 13!IIZI
) ' ' ' ' Time [Min.]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 11.47167 1152.63 90.5986
2 15.78167 119.61 9.4014
total 1272.23 100
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wé |ﬁ rfﬁ
1 | I". [ o
20 [ | \x
“_11 ek :Jlﬁ I_I_I_rl-_:é_'_’ﬁr?lﬁ TR 1In R ;'",}F‘,‘ ﬁr}ql = ;-_TE
Feak RetTime Type Width Sran Height frea
B mLn [min] [maiI*s] [m&kT] %
e e e | ——— | ————== - R B SRR PR |
D.5517 Z&zZ7T.B3936 T% 35070 50,7085

1 11.460 MH
£ 17.534 MM

D.8B522 2554 .30054 19, 595264 49,2505

2182 .13983 12%.343354

g
=]
I
|| \ i
T—— - L/II \-\'_,.-—\__ :""-—\_.._
10 135 is s 20
Feak EBetTime Type Width Area Hexight Area
# ian| [min] [mall*s5] [malil] ¥
] EEEE R | === === === | = e e B o |
1 11.449 BE D.4978 Z13E. 91284 B1.21594 91, Z21E3
0.3103 205.91lb41 2063511 8.TBL!

£ 17.588 PE

Totals : 2344 .B2925 g . 28305
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250=

Signal[mV]

—
/____,_,_.—-::' 13.23833

16835353

T T | T 1
160 183

LA T & T & & 4 da e LA P
Time [Min.]
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 13.28833 1703.62 49.6799
2 16.83333 1725.57 50.3201
total 3429.19 100

Signal[mV]

1218417

—

16.523167

o0a D 40 64 ED 1ca 120 160 1232 _l_lllllrl.:ne [Mln?ﬂ
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 12.15417 2648.59 89.9086
2 15.53167 297.28 10.0914
total 2945.86 100
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—TTaeg
16056

150 | I"l
I
1040 4 II | I".
50 | |
o .'l 9 : g \_ =
[i] 1I{I ' I ' I 1|5 ' ' I ' ﬂlﬂ 2‘5 3‘1] ' Ir---l
Feak EetTime Type Width Aren Height hres
# mLn [min] [mall* 5] [mall] %
R R TR [ ey |_JETT _____ |___TET____|________|
1 11 _.EHZ2 BE 04862 TE4E_T3I095 224 D7246 S50,3REGH
Z 1&E.056 BE D.6552 TS3D. 44678 15Z.945%98 49,6104

Totals 1.517582eq BT DZ245

|
o
|| | a{#ﬁ‘
i) \\ ..-"\'H-\_I
10 I PREEEEE N T it
Feak RBetTime Type Width Araean Height Area
” = %
3 TR it el o SR v E .
1 11.943 BE 0D.50049 1.Z23972:4 155 45667 253, 5004
Z 1&.184 MM D_6H38 1452, 596375 315,.41357 1, 4506

Totals 1. 3850]1eq d34  ET0Z4

100
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i | | |
| [
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A J k j
wE 0a ! "ll:l ' &00 ' 3IZ{I ' 1U!D:I ! 11EI:II ! 1EC ! 3‘!!1 ' |-1|Il ' |‘II}:I ' 16![}]
Time [Min ]
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 8.42417 1488.34 50.3907
2 11.95083 1465.26 49.6093
total 1953.60 100
5., Eord ]
E
3
&
-{,lT} Ad E
/e~ F]l
i ;
18— I E
A o
x’E-IIIJ ! '.'..ll:l ' &l l?:l ' 3.::{1 ' |ElrI:-:I ' " iI:{I 1 I1CC ! 1 3‘!!1- ' 1 -1!]) '

|s!|}:| I i 1&'&:
Time [Min.]

Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area

(%)
1 8.77750 3422.79 90.9497
2 12.62750 340.60 9.0503
total 3763.39 100
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mAU §
50
40 H S
30 EE o
20 [ e
[\ i e
10 [N / e
(I) é 10 1|5 20 2‘5 GIO min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e | === | ==m==—= | ==ZE e | -= =TT R |
15.836 BB 0.6254 2634.53369 59.86848 50.2651

2 32.389 PBA 1.2863 2606.74072 24.09167 49.7349

Totals 5241.27441 83.96015

§.§§
e
ﬂll} I ' -lII) 5|1] ir]
Peak RebTime Type Width Bres Height Foresa
i mLn| [min] [ mALT* 5] [ mAll] %
A, Py

] R | === | === === | —=2 22— | ———mom - | -——————- |
1 15.860 MM OD.7'846 SBES . 51465 125.10153 &Y.43%6

2 33.109 MM 1.81ed &%5.359197 6. 37936 10.5%&e04

a5E4.5%0662 131.48090
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Signal[mV]

275

254

1754
125 Q COzMe

N

Cl
1 Me
(rac)-3p -
251
2 T T T T T T T T T T T T i T T T
00 20 40 6.0 8.0 100 120 140 16.0 180 . 200
Time [Min.]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area (%)
1 6.04667 15.38 50.6261
2 6.79917 15.00 49.3739
total 3763.39 100

Signal[mV]

25

27154

225+

175+

125+

7.5+

254

‘ . ‘ . . ‘ ‘ ‘ ‘ ‘
00 20 40 6.0 80 100 120 lB_D 3 200
Time [Min.]

Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area

(%)
1 6.05417 49.81 74.6891
2 6.80583 16.88 25.3109
total 3763.39 100
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45—
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E
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i%} 251
134w g 2
T &0 E1e] 10oo oo pird i 1300 1400 1530 1600 1700 18.000 T”'-;-l:g [Mlnﬁll}l
Peak NO. Retention time (min)  Peak area (mV.sec) Percentage of area
(%)
1 11.80500 896.50 51.2879
2 14.96833 851.48 48.7121
total 1747.98 100
9 B50—
£
b%h 50—

1326000

320

17.61060

I T 1 T T T T T

IE!II ' }ﬂ!ﬂ:l
Time [Min ]

Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area

(%)
1 13.26000 5781.87 95.9735
2 17.01000 242.57 4.0265
total 6024.45 100
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mALl ] A E g
“3 Ph N A
g: 3 F | III"-. |I \.\‘x
" (rac)-3r .'l .\T b e
R T TR T T T "i75 min
Feak REetTime Type Width Ares Height Area
# (min] [min] [mEl*s] [mat] 'Ie.
| | I I I | I
1 11.424 BB 0.4514 2.655%5%e4 835.46490 43,7573
2 16.303 BB 0.6751 2.6El64e4 567.72009 50,2027
Totals S.34164e4 1403.1B500
e O‘;COZMe E .
S L¢ s
g: F || A a@a‘&:‘}
100 3 3r A =
L1} o -

Li] 2|5 I é ?!5 1II:I T 11.1.5 SR 'IIS T 1]".5
Feak EetTime Type Width Ares Helght Ares
FETHT sl Bpel . gl . v

1 11.534 MM 0.5353 2.2202ce4 65%0.65497 45,5521

2 1le.434 MM 0.7261 374%.54297 80.06681 14.447%

Totals 2.5%52z2e4 T76.721748

105




Q co,Me
ERIN B
el 5 :
w] Ph ' M\
100 | "' ,'I \
E - | {
gt I s ', 5
i AT T A T S R T
Feak RetTime Type Width Ates Helght Area
[min] [mau*g] [man ] %
iy Sttty

# min
mmes | sssama= | m——— ] | s=mmmmnaa= | mm—mma——— | === ————— I
0.6386 1.10827a4 241.18089 54,2338

1 17.148 BB
0.8247 1.05854e4 185.61333 43,7662

2 23.936 BB
Totals : 2. 20B21ad 436, 710422
(@] . .
CO-Me 5
mall N2 2
s iy
v |
! N
iy | [ 5 A
1 3s ! l\“‘- , Ei‘i“:.
' 15 " &= i
Foak RetTime Type Width Sraa Height Arma
mLn [min] [mAll*s] [mAH| E

i
mmmm | mmmmm e s [ m e e [ T e e
95 . EEB&4d

1 17.131 MM 0.7718 1.6%645%&4 366 34326
£ 23.827T MM O.B487 T27._BOD4593 14259185 4.1136

Totals 1. 76524 180 .63511

106



mALl 5 & it
15«0-2 %6@@‘.‘* Ed@éﬁ
100 ] | % "
50 Cl fok §=
& (rac)-3t k. ! N
L1} T IE!EI T é T I?!SI C I1II:II i I11.}.:5I - I1|5I C I1]!'.5I C Irrr
Feak RetTime Type Width fraea Height Aroa
B mLn [min] [mAll* s | [mafil] %
e D B [ | =22 s P
1 13.009 MM D.5845 K851 . 24658 195.34415 5G.,Z2E45
£ 1l&.952 MM D.7840 &773.72461 143.99345 49,7155
Totals :O 1.36250&4 33%.33760
2 ﬁ &
100 3 | 4
?5—5 ‘va @‘,‘m
E L\ e
o |\ s
253
L] EIE é ?!5 1ID 12‘.5 1|5 1.'||'.5 mir]
Peak RetTime Type Widkh Por s Height Boresa
H £
i | |n1.1.r| | | | [min] | [mAll* x| | [mAll] | X
1 12.970 MM O.6048 5320.10352 146.59758 93,4670
2 17.010 MM b.e183 341.566496 . 20783 G 0330
Totals : teel . 67047 155.B0521
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Q co,Me

mwé X &

B ﬁ 5

w3  Ph [\ [

Lk CF |\ J R

g (rac)-3u ° ] oA P

I e i
Peak REetTime Type Width Araa Height froa
H i
i Fmin| [min] [mall*s] [mall] %

1 T_.HL13 BV D_2774 546E_ 34863 27571201 4%9.1E26
£ BE.753 VB D.3228 S6&5D.1054% Z247.04B%8 50,8174

1.111E5e4 L2&. 76099

Totals
Q CcO,Me
mAL 3 &
4 o
Ll Lo .
754 | X qj:.‘hff’
S _ P
R T G e 1w
Feak RetTime Type Width hraa Height Lrea
L Fming [min] [mall*s] [mall] %

e == | e | === i == |
1 1.804 MM 0.3186 2701.63989 141.31232 88,1336

2 B.752 MM 0.34920 3&63.750649 17.72688 11,8664

Totals J065.39053  15%.03%20
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o 1 & : 2
100 W ¥ = ]
0 | #° II'*"&
: |I H [\
o F_(rac)-3v°_ . R | \—J e
I R T R e T
Feak RetTime Type Width drea Height hrea
: i :
b T el lghpal Ay Y
1 11.523 MM 0.5407 437E 52246 134,9%6783F 43,5652
2 15_H59 MM 0.7744 4454 £3770 95 B7447 50,430R
HEIZ 16016 230, B4230
E R
& B
} M Pl
Peak RetTime Type Width Area Height hrea
H min [min] [mAll* ] [mall] %
A [ Y (NSRS PO ... SR P, .. SR PSS ———
1 1l1.406 BE 0D.4579 T2EQ _T1143 225, 96733 A9, 8545
2 157027 MM D.6699 H1E _42944 2036208 14,1051
Totals : g0%% . 14087 246 325942
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mAL 3 g

1254

100 II|I ﬁl

?5: | | II i

4 F (rac)-3v/ & S

: S . .

S T e T L L L

Peak EetTime Type Width Aresn Helght Area

# m1n [min] [mAli+s] [raia ] E

Sttty b ]

e T | === ] ======= | ===Te e | === | === |
1 16.515 BB 0.6420 7355.46582 163.14612 50.7547
2 22.783 BB 0.8382 T136.71777 11%.93546 49,2453

Totals : 1.44522a4 2EI . QBLET

AL

15’0—; ||I

m K #

3 F 3v P ] -

LE : P R

N D Y Y
FPeak RetTime Type Width Ares Height Bress
-
i |mrn] [min] [ A * s | [mau| -3

1 1&£.514 BB D.6313 9627.69629 215.44711 93,8316
2 22.714 BB D.6124 &32.915389 12.33924 6.1cE4

Totals : 1.02606e4 227.7B636
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mAL E
: a
125 3 =
100 3 it
753 h
504 %
25 |
= el ?ﬁ T
o & 10 1|5 EIﬂ 2|5 :s'a iy
Peak RetTime Type Width Ares Helght Bres
-
# 'min | [min] [man*s] [mar] %

] | === | ===mmmm e e R |
1 11.141 BE  0.4401 S0B6.66504 163.87410 50,7097
2 15.208 BB 0.6103 4944 28320 114.37878 45,2503

1.90305%=4 278,25388

E e
A
A o
\ g
N A
— = e
ili I! 1II1 1|2 1|4 1IG rriri
Ferak REetTime Type Width e Height Areaa
| | I Bl]* = Al %
st PR IEOE IR R Y :
1 1141170 MM D.5289 422 _ 16992 145 &£5225 HI, EGGD
i 15530 MM D.57dE S1%_ 34460 15 . DeS500 1. 1010

Totals £141.51453 164.71725
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B
150 |
100 [} |

2 |\\ II\\

: N S 5. W
g 5 1 15 A %

Feak RetTime Type Width Ares Height Area

[mﬂ&] ]

# mln
190 ,.53479 50,5355

0.645% 8556.36523
143.53569 43,4645

1 15.773 BB
0.8207 A375.02734

2 21.937 BB

@]
LCOo,Me
Totals \ 2 l.803%1dad 334 ,.07048
mALl 3 1\
100 | _&-EJ
a0 3 | | #d" R
EE s .é‘r_i‘
40 | \ [~
zg £ SO A-g 3w! = / \_ -ﬁﬁ
e e e T v
Feak RetTime Type Width Bres Height Boresa
; i
| | ian| | | [min] | [ mAll* 5 | | [ mAl] | x |
Ob.7699 621%.70752 134.63B50 93,5570

1 15_B03 MM
E.Z2B314 6.0030

2 22.058 MM 0.7892 357.21100

6616.51852 142 %2164

Totals

112



; X
:f
1)

' 1II} = 1IS i)
Peak RetTime Type Widtch bres Height Lrea
# min [min] [m&U*a] [m&id] L
I I | I I I I
1 1&6.320 BB 0.6827 1.2B0BLled 267.45074 50,5410
2 22.963 BE 0.5008 1,25335%e4 138.47818 4%.45%0
2,.53421e4d 465, 32892
8¢
£l
| \ = 4ﬁ?
L A’
———
III} 1|5 ' ' ‘.’!ﬂ I ' ' ' 2'15 i
Peak RetTime Type Width Area Helght Rrea
# ML [min] [mAU* =] [mAau] %
e | s e e e B e ey o I
1 16.379 MM 0.8215 1.83060e4 330.B1659 95,4502
2 23.113 MM 0.7655 T77.25287 1a.52294 44,5458
Totals 1. 706324 347.73953
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A
Feak RetTime Typs Width Araa Height Area
# |m1n| [min] [mall*s] [mall] %

e Tpniad e ey | -2 - | -2 | -——————— |
1 12.412 BB 0.5139 6097 26221

17022220 30,12&6E
£ 1&H_.567 BB D.67Ta7T 6066&.41455

127 .5B616 49,8732

12165 ed L2377 . BOB36

L
> et
o g w15 0 P 30 mn
Peak RetTime Type Width Rres Height Bores
§ S
| | ian| | | [min] [ mALI* 5 | [ mART| x

------- B Bt
1 12.323 BB D.5112 8%1%_568934 Z4E. 26727 85%.0456
2 1lg.498 PB 0.6321 10%7.29016 2405755 10.%544

Totals :

1.0016%4 2TE.32482
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m‘”“: ,E' .@"ﬁ § &
100 At I
] [ |
y el R P
L T L L L mn
Peak RetTime Type Width Ares Helght Eres
# (min] [min] [Eﬂa*sl [EﬁE' %
e e e e e e I

0.899% 3870.63496 182.61%66 43.1112
1.2605 1.02261ed 135.24321 50.8EB88

1 17.414 MM
2 24.775 MM

2.00950eq 318.06287

Totals
L i
N |E" &
&0 |#W o
bl [ II'- ® b'.c'
i =
b . . ¥ -
a 1II!I 1IE- ' 2|0 ' ' ' ' 2|5 ' Ill'l'
Peak RetTime Typz Width HrTaa Haight AT
] Y Al %
# fmin [min] [m 5] [makl]

D.B317T 53761 .07520 107.6B3B3 93,2474

1 17.432 MM
417 .1594172 B 254704 6. 1526

£ Z4_B36 MM 0.8423

Totals B1TE. 26932 115.%3857
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[ } \
,1_ CFj3 (rac)-32° . _
| S T T S S N L P
Ferak RetTime Type Width Araa Height Area
# |m1n| [min] [mai]*s] [m&id] ¥

1 10.279 BE D.4180 &Z17. 50586 212 . 0B061 50,0433

Z 12 _ 685 BBE D.5002 &206_ 75781 178 _ZEBB3 49 D57
Totals l.24245a4 3490 . 30945
mAL o
3 |
1$_ |r_'a°' p
ol {1 g W
a e e =
o ' ili j i ' l! ) ) j III"x ) j 1Iﬂ ' 1|d. vt
Ferak EetTime Type Width 4raa Height hrea
. i g %
A T ] IR L Y o X
1 10281 MM D_4898 3931 .13330 133, 77592 2%, 0Z1E

£ 12_.705 MM D.5044 484, TERSS 16 01545 10.9%7TEZ

Totals : 4415 %2029  14% . 78537
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mAll - a E
" | i
] o
3 | \ |I ]
;R 't T .
] N N e -
Peak RetTime Type Width Ares Height Bres
# mLn [min] [ mAfl* x| [ matl | £
] | === | ===~ |- L |
1 13.659 BB 0.5785 3235 792497 T9.56165 S0.5%74

2 17.708 BE O.6436 315%.3Be496 6B . 0E228 43,4026

Totals ¢ 63%5.179493  147.£2393

N DR an AR
Feak RetTi Type Widkh Aras Height Bresa
# |ani [min] [mALl* 5] [ mit | ¥
A, i,

1 13.6825 MM D.6955 6663 .96289 15%.6B738 94.9126
2 17.730 MM 0.6304 357.15%739 G.44287 S.0EM

Totals : TOZ21.16028 16%.13035
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ok # 5 o
15 E,@# ﬁ@é
| 1
103 iq At
4 |
5_
‘1 CO,Me (rgcy-3aa® | N | -
O T L L L " T
Peak RetTime Type Width Area Height Ares
i mLn [min] | maU* = | | mAL | 3
Sty Sty

e D P B D B P ey
1 17.306 MM 0.8455 1042.02454  20.53952 50,1020
2 21.586 MM 1.0874 1037.77981  15.76123 49.8%80

Totals : 2075 . 80444 36.30075

i
| it ttg"’
| 3 ﬁgﬁ
3 ——hl \"-\—..‘_I/'( -\.,_\__\__'_
(1] =3 I 1I1] 1|5 2II} T EIE 3!0 ' :.',IS
Peak RetTime Type Width braa Height Lrea
B [min] [min] [mAl*s] [mALT] %

———— |- | ==== | === ===~ | =——=————- | ==——=—m=—- | -——————- [
1 17.270 MM 0.B521 1.53B2led  300.B6414 87,4043
£ Z21.577 MM 1.0152 Z221&.6B750 3630233

Totals - 1, T559EBed 337 . 25647

118

12,5857



mAL & 3 A2
304 | E" .@.:\- . ;
20 II‘? I|' &
"  CO,Me (rac)-3aa [ f \
ad %-\_lk = (_.In\\._)_ e et S n s u'l \""—r— u'l —
S T YL L T T T T -
FPeak RetTime Type Width Area Height Ares
E ML [min] [maita] [maid] ¥
| I I | | | I
1 27.830 MM 1.3767 2817.98120 34,11565 43.Bl66
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i i " Time [Min ]
Peak NO. Retention time (min) Peak area (mV.sec)  Percentage of area
(%)
1 38.25750 4044.27 50.0411
2 41.03667 4037.63 49.9589
total 8081.90 100
ma.ﬂ : 1|':l ; II-:I J lln.ll }:II.I: I ;0 : -1l..!C| : QEIZI " 5!“]
' " Time [Min]
Peak NO. Retention time (min) Peak area (mV.sec) Percentage of area
(%)
1 39.02833 468.68 4.3928
2 41.59917 10200.67 95.6072
total 10669.35 100
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J. Structural determination by X-ray

7khAe

Figure S5 X-ray diffraction parameters and data for 7k (CCDC: 1432486).

Bond precision: C-C = 0.0042 & Wavelength=0.71073
Cell: a=8.8995(4) b=12.8103(6) c=13.9893(8)

alpha=50 beta=530 gamma=50
Temperature: 173 K

Calculated Reported

Volume 1594.85(12) 1594.85(12)
Space group P21 21 21 B2{1)2(1)2(
Hall group P 2ac Zab ?
Moiety formula Cl8 H13 Br 04 ?
Sum formula Cl8 H13 Br 04 C18 H13 Br 04
Mr 373.18 373.19
Dx,g cm-3 1.554 1.554
Z 4 4
Mu (mm-1) 2.595 2.585
FOOO 752.0 752.0
Fooo" 751.22
h, k, Imax 10,15,14 10,15,16
Nref 2B11[ 1627] 2801
Tmin, Tmax 0.409,0.509 0.455,0.552
Tmin' 0.378

Correction method= # Reported T Limits: Tmin=0.455 Tmax=0.552
AbsCorr = MULTI-SCAN

Data completeness= 1.72/1.00 Theta (max)= 25.010
E{reflections)= 0.0297( 24B&) wRZ (reflections)= 0.0675( 2801)
5 =1.058 Npar= 20B
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