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GENERAL METHODS
General Procedures

All reactions were generally performed open air or in dried glassware under an atmosphere of dry N..
Reaction mixtures were stirred magnetically unless otherwise indicated and monitored by thin layer
chromatography (TLC) on Merck precoated glass-backed silica gel 60 F-254 0.25 mm plates with
visualization by fluorescence quenching at 254 nm. TLC plates were stained using potassium
permanganate. Chromatography purification of products (flash column chromatography) was
performed on silica gel 60 (70-230 mesh, Merck) using a forced flow of eluent at 0.3-0.5 bar.
Concentration of reaction product solutions and chromatography fractions under reduced pressure
was performed by rotary evaporation at 35-45°C at the appropriate pressure and then at rt, ca. 10
mmHg (vacuum pump) unless otherwise indicated.

Materials

All chemicals, including dry solvents were purchased from Aldrich, Fluka, Acros, TCI, Merck, Strem,
or Alfa Aesar and used as such unless stated otherwise. Yields given refer to chromatographically
purified compounds unless otherwise demonstrated.

Instrumentation

Melting points were determined on a Sinoinstructment melting point apparatus. *H NMR spectra
were recorded on Bruker 300 MHz or Bruker 400 MHz spectrometer. *C NMR spectra were
recorded on Bruker 75 MHz or Bruker 100 MHz spectrometer. *C NMR chemical shifts are
expressed in parts per million (3) downfield from tetramethylsilane (with the central peak of CHClI; at
77.16 ppm used as standard). '"H NMR chemical shifts are expressed in parts per million ()
downfield from tetramethylsilane (with the peak of CHCI; at 7.26 ppm used as standard; with the
peak of benzene at 7. 36 ppm used as standard). All *C spectra were measured with complete
proton decoupling. NMR coupling constants (J) are reported in Hertz (Hz), and splitting patterns are
indicated as follows: br, broad; s, singlet; d, doublet; dd, doublet of doublet; ddd, doublet of doublet of
doublet; dt, doublet of triplet; t, triplet; g, quartet; m, multiplet. High resolution mass spectrometric
measurements (HRMS) were performed by the AB SCIEX, Triple TOF 5600+. Enantiomeric
excesses were determined by HPLC analysis on Shimadzu HPLC units, including the following
instruments: pump, LC-16; detector, SPD-16; column, Daicel Chiralpak AD-H, OD-H, OJ-H, and IC.



Scheme 1. Catalyst screening®
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& Reactions were carried out with substrate 1a (0.1 mmol), catalyst (0.01 mmol), and DCDMH (0.12
mmol) in CH,Cl, (4 mL). The yield was isolated yield and the ee was determined by chiral HPLC.
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Figure 1. 'H-NMR analysis of (DHQd),PHAL and 1i

Evaluation of antibacterial activity.

The compounds were diluted in 10% DMSO and 2L of the dilution was added to a 200
reaction so that the final concentration of DMSO is 0.1% in all of reactions. Minimum inhibitory
concentrations (MIC) for compounds  were determined following Luria-Bertani broth dilution
guidelines . MIC values were determined as the lowest concentration of inhibitor to prevent visible
Staphylococcus aureus growth after 18 h of incubation at 37 <C. ODssonm absorbance signal was
measured using a multi-well spectrophotometer (Molecular Devices SpectraMax M5 microplate
reader).

The compounds were diluted in 10% DMSO and 2L of the dilution was added to a 2004
reaction so that the final concentration of DMSO is 0.1% in all of reactions. Minimum inhibitory
concentrations (MIC) for compounds were determined following Luria-Bertani broth dilution
guidelines. MIC values were determined as the lowest concentration of inhibitor to prevent visible
Staphylococcus aureus (MRSA) growth after 18 h of incubation at 37 <C. ODssonm absorbance signal
was measured using a multi-well spectrophotometer (Molecular Devices SpectraMax M5 microplate
reader).



Staphylococcus aureus MIC results table

Compound MIC
2h 1000 Hg/ml
4 33 Mg/ml
PhSSPh >1000 Hg/ml
Benzylpenicilin sodium 0. 003 Hg/ml

Staphylococcus aureus (MRSA) MIC results table

Compound MIC
2h 1000 Hg/ml
4 33 Hg/ml
Benzylpenicilin sodium 0.1 Mg/ml

Table 1 Substrate Scope®
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(95% yield, 73% ee)  (94% yield, 79% ee) (94% yield, 77% e6)  (97% yield, 67% ee)

# Reactions were carried out with substrate 1 (0.1 mmol), (DHQD),PHAL (0.005 mmol), and
DCDMH (0.12 mmol) in CH,Cl, (4 mL) at —10 °C. The yield is isolated yield and the ee was
determined by chiral HPLC.



SYNTHESIS OF ALKENOL SUBSTRATES AND ASYMMETRIC
CHLOROCYCLOETHERIFICATION REACTIONS

General Procedure for the Synthesis of Alkenol Substrates.

RskBr

R R’ K c% Rr

HoN + RZCI _ELN H R 2—30’ 3LNR2
OH CH)Cl,  R2 OH DMF, 50°C R OH
A B c 1a-o, r-u

To a solution of A (2.0 mmol, 1.0 equiv) and EtsN (202.2 mg, 2.0 mmol, 1.0 equiv) in CH,Cl, (5.0
mL) was added B (2.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h at
room temperature. Water (10.0 mL) and EtOAc (15.0 mL) were added. The organic layer was
washed with water, and dried over magnesium sulfate. Concentration of the organic layer offered the
crude product C, which was used without further purification.

To a solution of C (1.0 mmol, 1.0 equiv) and K,COj3 (138.0 mg, 1.0 mmol, 1.0 equiv) in DMF (2.0
mL) was added D (1.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 24 h
at 50°C. Water (10.0 mL) and EtOAc (15.0 mL) were added. The organic layer was washed with
water, and dried over magnesium sulfate. Concentration of the organic layer offered the crude
product that was further purified by flash column chromatography (hexane/EtOAc) to give the pure
alkenol substrates 1a—t.

JJ\/NS
Ph " 0oH

la
322.2 mg, 89%, yellow solid; MP 146 —147<C; 'H NMR (CDCl;, 400 MHz): & 8.30 (d, J = 12.0 Hz,
2H), 7.92 (d, J = 8.0 Hz, 2H), 7.39-7.31 (m, 5H), 5.49 (s, 1H), 5.25 (s, 1H), 4.39 (s, 2H), 3.68 (t, J =
4.0 Hz, 2H), 3.32 (t, J = 4.0 Hz, 2H); *C NMR (CDCls;, 100 MHz): & 150.0, 144.9, 142.5, 137.9,
128.7, 128.5, 128.4, 126.5, 124.3, 117.5, 60.5, 52.9, 49.5; HRMS (TOF) m/z: [M~+H]*Calcd for
C17H13N205S 3631755, found 363.1756.

Ts
Ph N0

1b
304.5 mg, 92%, yellow solid; MP 113—114<C; 'H NMR (CDCls, 400 MHz): & 7.71-7.32 (m, 9H),
5.52 (s, 1H), 5.25 (s, 1H), 4.27 (s, 2H), 3.60 (t, J = 4.0 Hz, 2H), 3.20 (t, J = 4.0 Hz, 2H), 2.46 (s, 3H);
3C NMR (CDCls, 100 MHz): & 143.7, 143.1, 137.8, 135.2, 129.8, 128.6, 128.3, 127.6, 126.5, 116.8,
61.0, 53.7, 50.2, 21.6; HRMS (TOF) m/z: [M+H] " Calcd for CigHx:NOsS 332.4927; found
332.4928.
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304.9 mg, 91%, white solid; MP 109—110<C; *H NMR (CDCls, 400 MHz): & 7.81-7.16 (m, 9H),
5.51 (s, 1H), 5.25 (s, 1H), 4.30 (s, 2H), 3.63 (t, J = 4.0 Hz, 2H), 3.23 (t, J = 8.0 Hz, 2H), 2.11 (s,
broad, 1H); *C NMR (CDCls, 100 MHz): § 166.4 (d, J = 253.0 Hz), 142.9, 137.9, 134.6, 130.2 (d, J
= 10.0 Hz), 128.6 (d, J = 29.0 Hz), 126.5, 117.0, 116.5 (d, J = 22.0 Hz), 60.8, 53.3, 49.9 ;: HRMS
(TOF) m/z: [M+H]*Calcd for C17H1gFNOsS 336.7719; found 336.7720.
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365.8 mg, 94%, white solid; MP 122—123<C; 'H NMR (CDCls, 400 MHz): & 7.89-7.31 (m, 9H),
5.49 (s, 1H), 5.26 (s, 1H), 4.35 (s, 2H), 3.66 (t, J = 4.0 Hz, 2H), 3.29 (t, J = 8.0 Hz, 2H), 2.06 (s,
broad, 1H); *C NMR (CDCls, 100 MHz): §142.7, 137.9, 128.6, 128.4, 127.9, 126.5, 126.3 (q, J =
40.0 Hz), 117.4, 60.7, 53.2, 49.7; HRMS (TOF) m/z: [M+H] " Calcd for C1gH1sFsNO3sS 386.4971;
found 386.4972.
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O
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362.6 mg, 88%, yellow solid; MP 168—169<C; 'H NMR (CDCls, 400 MHz): & 7.78-7.13 (m, 11H),
5.65 (s, 1H), 5.32 (s, 1H), 4.45 (s, 2H), 3.91 (t, J = 4.0 Hz, 2H), 3.61 (t, J = 4.0 Hz, 2H), 2.52 (s,
broad, 1H); **C NMR (CDCls, 100 MHz): & 149.0, 145.1, 142.3, 137.2, 133.6, 130.8, 128.4, 128.2,
127.4,126.4,126.1, 125.8, 125.2, 124.6, 123.4, 121.5, 60.5, 54.0, 48.4; HRMS (TOF) m/z: [M—+H] ™
Calcd for Co1HooN2OsS 413.7411; found 413.7412.

N\/\OH

1f
330.6 mg, 87%, yellow solid; MP 130—131<C; *H NMR (CDCls, 400 MHz): & 8.34 (d, J = 8.0 Hz,
2H), 7.97 (d, J = 8.0 Hz, 2H), 7.42-7.01 (m, 4H), 5.46 (s, 1H), 5.23 (s, 1H), 4.34 (s, 2H), 3.65 (1, J =
4.0 Hz, 2H), 3.30 (t, J = 4.0 Hz, 2H), 1.94 (s, broad, 1H); *C NMR (CDCls, 100 MHz): 5 164.0 (d, J
= 247.0 Hz), 164.0, 150.1, 144.8, 141.6, 133.8, 128.6, 128.3 (d, J = 8.0 Hz), 124.3, 117.3, 115.7 (d, J
= 21.0 Hz), 60.6, 53.2, 49.7; HRMS (TOF) m/z: [M+H]*Calcd for C17H.7FN,0sS 381.5014; found
381.5015.
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352.4 mg, 89%, yellow oil; *H NMR (CDCls, 400 MHz): & 8.35 (d, J = 8.0 Hz, 2H), 7.97 (d, J = 8.0
Hz, 2H), 7.37-7.28 (m, 4H), 5.50 (s, 1H), 5.27 (s, 1H), 4.35 (s, 2H), 3.67 (t, J = 4.0 Hz, 2H), 3.31 (t,
J = 4.0 Hz, 2H), 1.82 (s, broad, 1H); *C NMR (CDCl;, 100 MHz): § 150.1, 144.8, 141.6, 136.2,
134.5, 128.8, 128.5, 127.8, 124.3, 117.8, 60.7, 53.1, 49.6; HRMS (TOF) m/z: [M+H]*Calcd for
C17H17C|N2058 397.4425; found 397.4426.

N
" 0H
Br

1h
378.4 mg, 86%, yellow solid; MP 161—162<C; 'H NMR (CDCls, 400 MHz): & 8.34 (d, J = 8.0 Hz,
2H), 7.97 (d, J = 8.0 Hz, 2H), 7.61-7.53 (m, 4H), 5.59 (s, 1H), 5.8 (s, 1H), 4.40 (s, 2H), 3.67 (t, J =
4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 1.90 (s, broad, 1H); **C NMR (CDCl;, 100 MHz): & 150.1,
144.8, 141.6, 141.4, 128.5, 126.9, 125.6 (t, J = 4.0 Hz), 124.3, 119.1, 60.6, 52.9, 49.6; HRMS (TOF)
m/z: [M-+H] " Calcd for Cy7H17BrN,OsS 441.2986; found 441.2987.

Non

1i
434.3 mg, 89%, yellow solid; MP 192—193<C; *H NMR (CDCls, 400 MHz): & 8.35 (dd, J; = 8.0 Hz,
J1 = 160.0 Hz, 4H), 7.68(dd, J; = 8.0 Hz, J; = 204.0 Hz, 4H), 5.51 (s, 1H), 5.32 (s, 1H), 4.34 (s, 2H),
3.67 (t, J = 4.0 Hz, 2H), 3.31 (t, J = 8.0 Hz, 2H), 1.83 (s, broad, 1H); *C NMR (CDCls, 100 MHz): &
150.1, 144.7, 137.8, 137.3, 128.5, 128.3, 124.4, 118.0, 94.3, 60.6, 53.0, 49.6; HRMS (TOF) m/z: [M
-+H] " Calcd for C17H17IN,0sS 489.3044; found 489.3045.

Non
FsC
1j
374.1 mg, 87%, yellow solid; MP 147—148<C; 'H NMR (CDCls, 400 MHz): § 8.34 (d, J = 8.0 Hz,
2H), 7.97 (d, J = 8.0 Hz, 2H), 7.61-7.53 (m, 4H), 5.59 (s, 1H), 5.38 (s, 1H), 4.40 (s, 2H), 3.67 (t, J =
4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 1.90 (s, broad, 1H); *C NMR (CDCls, 100 MHz): & 150.1,

144.8,141.6, 141.4, 128.5, 126.9, 125.6 (d, J = 4.0 Hz), 124.3, 119.1, 60.6, 52.9, 49.6; HRMS (TOF)
m/z; [M+H]+Ca|Cd for C18H17F3N205S 4314750, found 431.4751.

\/\OH

F

1k
350.2 mg, 88%, yellow solid; MP 147 —148<C; *H NMR (CDCls, 400 MHz): 5 8.83 (d, J = 12.0 Hz,
2H), 8.01 (d, J = 8.0 Hz, 2H), 7.28-7.11 (m, 3H), 5.50 (s, 1H), 5.29 (s, 1H), 4.31 (s, 2H), 3.66 (t, J =

9



4.0 Hz, 2H), 3.31 (t, J = 4.0 Hz, 2H); **C NMR (CDCls, 100 MHz): & 151.5 (d, J = 240.0 Hz), 150.1,
149.0, 144.7, 140.7, 134.8, 128.6, 124.4, 122.7, 122.6, 118.2, 117.6 (d, J = 18.0 Hz), 115.6 (d, J =
18.0 HZ), 60.7, 53.1, 49.7; HRMS (TOF) m/z: [M+H]+Calcd for C17H16F2N20O5S 399.2945; found
399.2946.

cl NS
" 0H
cl

1l
387.0 mg, 90%, yellow solid; MP 155—156<C; *H NMR (CDCls, 400 MHz): & 8.35 (d, J = 8.0 Hz,
2H), 7.97 (d, J = 8.0 Hz, 2H), 7.43-7.26 (m, 3H), 5.53 (s, 1H), 5.33 (s, 1H), 4.33 (s, 2H), 3.70 (t, J =
4.0 Hz, 2H), 3.34 (t, J = 4.0 Hz, 2H); *C NMR (CDCls3, 100 MHz): & 150.1, 144.8, 140.6, 137.9,
132.8, 132.6, 130.6, 128.5, 128.4, 125.8, 124.4, 118.9, 60.6, 52.8, 49.6; HRMS (TOF) m/z: [M+H]*
Calcd for C17H15Cl2N,05S 431.5090; found 431.5089.

Cl N\/\OH

Cl

im
363.1 mg, 91%, yellow solid; MP 126 —127<C; 'H NMR (CDCls, 400 MHz): & 7.69-7.31 (m, 7H),
5.51 (s, 1H), 5.32 (s, 1H), 4.22 (s, 2H), 3.62 (t, J = 4.0 Hz, 2H), 3.21 (t, J = 4.0 Hz, 2H), 2.46 (s, 3H),
2.08 (s, broad, 1H); *C NMR (CDCls, 100 MHz): & 144.0, 141.1, 138.0, 135.3, 132.7, 132.3, 130.5,
130.0, 128.4, 127.4, 127.1, 125.9, 118.4; HRMS (TOF) m/z: [M+H]Calcd for CigH13CI,NOsS
400.6237; found 400.6238.

N
\/\OH
Me

1in
349.7 mg, 93%, yellow oil; *H NMR (CDCls, 400 MHz): § 8.24 (d, J = 12.0 Hz, 2H), 7.91 (d, J = 8.0
Hz, 2H), 7.25 (d, J = 12.0 Hz, 2H), 7.09 (d, J = 32.0 Hz, 2H), 5.42 (s, 1H), 5.19 (s, 1H), 4.34 (s, 2H),
3.65 (t, J = 4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 2.55 (s, 1H), 2.31 (s, 3H); **C NMR (CDCls, 100
MHz): & 149.8, 145.0, 142.3, 138.3, 135.1, 129.3, 128.5, 126.3, 124.3, 116.7, 60.4, 52.8, 49.4, 21.1;
HRMS (TOF) m/z: [M-+H] ™ Calcd for C1gH20N,05S 377.4129; found 377.4130.

Iy
~"0H

1o
249.0 mg, 83%, white solid; MP 93—94<C; *H NMR (CDCls, 400 MHz): & 8.38 (d, J = 8.0 Hz, 2H),
8.06 (d, J = 8.0 Hz, 2H), 4.96 (s, 1H), 4.89 (s, 1H), 3.84 (s, 2H), 3.74 (t, J = 4.0 Hz, 2H), 3.34 (t, J =
4.0 Hz, 2H), 1.71 (m, 3H); *C NMR (CDCls, 100 MHz): & 150.0, 145.4, 139.9, 128.5, 124.4, 115.3,
60.6, 55.4, 50.0, 19.8; HRMS (TOF) m/z: [M-+H]"Calcd for Ci,H16N,0sS 301.6912; found
301.6913.
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To a solution of Al (610.1 mg, 10.0 mmol, 3.3 equiv) in MeCN (10.0 mL) was added D1 (588.0
mg, 3.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h at room
temperature. After removal of MeCN, water (30.0 mL) and EtOAc (50.0 mL) were added. The
organic layer was washed with water, and dried over magnesium sulfate. Concentration of the
organic layer offered the crude product that was further purified by flash column chromatography
(hexane/EtOAC) to give the pure alkenol substrates E. 318.6 mg, 60%, yellow oil; *H NMR (CDCls,
400 MHz): & 7.45-7.29 (m, 5H), 5.43 (s, 1H), 5.34 (s, 1H), 5.26 (s, 1H), 3.71 (s, 2H), 3.64 (t, J = 4.0
Hz, 2H), 2.81 (t, J = 4.0 Hz, 2H), 2.16 (s, 1H, contains H,0); **C NMR (CDCls, 100 MHz): & 146.1,
139.6, 128.5, 127.8, 126.2, 113.8, 60.8, 52.9, 50.2; HRMS (TOF) m/z: [M-+H]*Calcd for C11HisNO
178.6154; found 178.6153.

To a solution of E (137.0 mg, 1.0 mmol, 1.0 equiv) in CH,CI, (4.0 mL) was added benzoyl
chloride (140.7 mg, 1.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h
at room temperature. After removal of CH,Cl,, water (10.0 mL) and EtOAc (15.0 mL) were added.
The organic layer was washed with water, and dried over magnesium sulfate. Concentration of the
organic layer offered the crude product that was further purified by flash column chromatography
(hexane/EtOAC) to give the pure alkenol substrates 1p. 267.0 mg, 95%, yellow oil; *H NMR (CDCls,
400 MHz): & 7.61-7.27 (m, 10H), 6.49 (s, broad, 1H), 5.56 (s, 1H), 5.34 (s, 1H), 4.46 (s, 2H),
3.66-3.63 (M, 4H); **C NMR (CDCl;, 100 MHz): & 167.4, 144.0, 138.3, 134.4, 131.4, 128.5, 128.0,
127.0, 126.1, 115.3, 73.1, 68.4, 39.7; HRMS (TOF) m/z: [M+H]* Calcd for C1sH1sNO; 282.4761;
found 282.4762.

| CsyC03 Jk/Ph
E + ©/ DMF, 110°C " py, N 0H
1q
To a solution of E (137.0 mg, 1.0 mmol, 1.0 equiv) and Cs,COj3 (651.6 mg, 2.0 mmol, 2.0 equiv)
in DMF (2.0 mL) was added iodobenzene (408.0 mg, 2.0 mmol, 2.0 equiv) at room temperature. The
mixture was then stirred for 8 h at 110°C. Water (10.0 mL) and EtOAc (15.0 mL) were added. The
organic layer was washed with water, and dried over magnesium sulfate. Concentration of the
organic layer offered the crude product that was further purified by flash column chromatography
(hexane/EtOAC) to give the pure alkenol substrates 1q. 179.6 mg, 71%, yellow oil; *H NMR (CDCls,
400 MHz): & 7.49-6.88 (m, 10H), 5.46 (s, 1H), 5.32 (s, 1H), 4.12 (t, J = 4.0 Hz, 2H), 3.78 (s, 2H),
3.08 (m, 4H), 1.96 (s, broad, 1H); **C NMR (CDCls, 100 MHz): & 158.8, 146.1, 139.8, 129.5, 128.5,
127.8,126.2, 120.8, 114.5, 113.6, 67.1, 53.3, 48.0; HRMS (TOF) m/z: [M-+H] " Calcd for C;7H1sNO
254.7139; found 254.7140.

JJ\/ES
Ph " 0H
1r
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288.5 mg, 91%, yellow solid; MP 104—105<C; *H NMR (CDCls, 400 MHz): & 7.82-7.32 (m, 10H),
551 (s, 1H), 5.25 (s, 1H), 4.29 (s, 2H), 3.61 (t, J = 4.0 Hz, 2H), 3.22 (t, J = 4.0 Hz, 2H), 2.05 (s,
broad, 1H); *C NMR (CDCls, 100 MHz): § 143.0, 138.3, 137.8, 132.9, 129.2, 128.6, 128.3, 127.5,
126.5, 116.9,60.9, 53.6, 50.1; HRMS (TOF) m/z: [M+H]*Calcd for C17H1sNOsS 318.5124: found
318.5123,

Me N\/\OH

1s
349.7 mg, 93%, yellow oil; *H NMR (CDCls, 400 MHz): & 8.26 (d, J = 12.0 Hz, 2H), 7.90 (d, J = 8.0
Hz, 2H), 7.21-7.11 (m, 4H), 5.44 (s, 1H), 5.21 (s, 1H), 4.37 (s, 2H), 3.69 (t, J = 4.0 Hz, 2H), 3.34 (t,
J = 4.0 Hz, 2H), 3.32 (s, 3H); *C NMR (CDCls, 100 MHz): & 149.9, 145.1, 142.6, 138.3, 138.0,
129.1, 128.5, 127.2, 124.2, 123.6, 117.2, 60.4, 52.8, 49.5, 21.4; HRMS (TOF) m/z: [M+H] " Calcd
for C1gH20N>0sS 377.4129; found 377.4128.

Ns

e

1t
370.8 mg, 90%, yellow solid; MP 161—162<C; *H NMR (CDCls, 400 MHz): & 8.05-7.45 (m, 11H),
5.59 (s, 1H), 5.35 (s, 1H), 4.49 (s, 2H), 3.72 (t, J = 4.0 Hz, 2H), 3.39 (t, J = 4.0 Hz, 2H), 2.28 (s,
broad, 1H); *C NMR (CDCls, 100 MHz): § 149.6, 145.1, 142.5, 135.3, 133.0, 128.3, 128.2, 128.1,
127.6, 126.6, 1255, 124.5, 124.0, 118.3, 60.5, 52.9, 49.3; HRMS (TOF) m/z: [M-+H]*Calcd for
Ca1HaoN2OsS 413.7411; found 413.7410.

d Rk
Ph OH
1u

354.9 mg, 91%, yellow oil; *H NMR (CDCls;, 400 MHz): & 8.26 (d, J = 12.0 Hz, 2H), 7.89 (d, J =
12.0 Hz, 2H), 7.29-7.22 (m, 5H), 5.39 (s, 1H), 5.18 (s, 1H), 4.52 (t, J = 4.0 Hz, 2H), 3.30 (s, 2H),
1.27 (s, 6H); **C NMR (CDCls, 100 MHz): & 149.9, 145.3, 142.7, 138.7, 128.6, 128.5, 128.3, 126.5,
124.1, 117.5, 71.8, 58.1, 53.8, 27.9; HRMS (TOF) m/z: [M~+H] " Calcd for C19H2,N,05S 391.6274;
found 391.6275.

General Procedure for the asymmetric chlorocycloetherification.

P
R, (DHQD),PHAL (5 mol%) . < o
R1JK/N\/\OH DCDMH (1.2 equiv) ' j
CH,Cly, ~10°C N
1a—q R
2
2a-o, r-u

To a solution of 1a-o, r-u (0.1 mmol, 1.0 equiv) and (DHQD),PHAL (3.9 mg, 0.005 mmol, 0.05
equiv) in CH,CI, (4.0 mL) was added DCDMH (23.6 mg, 1.2 mmol, 1.2 equiv) at —10 °C. The
mixture was then stirred for 2—3 days at —10 °C. The reaction was quenched with saturated
Na,SO; (1.0 mL) at —10 °C. The solution was diluted with water (3.0 mL) and extrated with EtOAc,
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dried over MgSO, and concentrated in vacuo. The residue was purified by flash column
chromatography (hexane/EtOAC) to yield the corresponding morpholines 2a—o, r-u.

To a solution of 1a,b, I, r-u (0.1 mmol, 1.0 equiv) and (ECin),PHAL (3.6 mg, 0.005 mmol, 0.05
equiv) in CH,Cl, (4.0 mL) was added DCDMH (23.6 mg, 1.2 mmol, 1.2 equiv) at —10 °C. The
mixture was then stirred for 2—3 days at —10 °C. The reaction was quenched with saturated
Na,SOs (1.0 mL) at —10 °C. The solution was diluted with water (3.0 mL) and extrated with EtOAc,
dried over MgSO, and concentrated in vacuo. The residue was purified by flash column
chromatography (hexane/EtOAC) to yield the corresponding morpholines ent-2a,b, I, r-u.

Representative Procedure for the asymmetric chlorocycloetherification (1.0 mmol scale).

To a solution of 1a (362.1 mg, 1.0 mmol, 1.0 equiv) and (DHQD),PHAL (39.0 mg, 0.05 mmol, 0.05
equiv) in CH,Cl; (40.0 mL) was added DCDMH protionwise (236.2 mg, 1.2 mmol, 1.2 equiv) at —
10 °C. The mixture was then stirred for 3 days at —10 °C. The reaction was quenched with saturated
Na,SO; (10.0 mL) at —10 °C. The solution was diluted with water (30.0 mL) and extrated with
EtOAc, dried over MgSO,4 and concentrated in vacuo. The residue was purified by flash column
chromatography (hexane/EtOAC) to yield 2a.

To a solution of 1a (362.1 mg, 1.0 mmol, 1.0 equiv) and (ECin),PHAL (36.0 mg, 0.05 mmol, 0.05
equiv) in CH,CI; (40.0 mL) was added DCDMH protionwise (236.2 mg, 1.2 mmol, 1.2 equiv) at —
10 °C. The mixture was then stirred for 3 days at —10 °C. The reaction was quenched with saturated
Na,SOs (10.0 mL) at —10 °C. The solution was diluted with water (30.0 mL) and extrated with
EtOAc, dried over MgSO, and concentrated in vacuo. The residue was purified by flash column
chromatography (hexane/EtOAC) to yield ent-2a.

_/CI
Ph\?[oj
N
Ns

2a

386.1 mg (1.0 mmol scale), 97%, yellow solid; MP 189—190<C; [a]5= —19.2 (c 1.0, MeOH, 82%
ee); *H NMR (CDCls, 400 MHz): & 8.45 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 12.0 Hz, 2H), 7.52-7.38 (m,
5H), 4.18-4.15 (m, 1H), 3.85-3.65 (m, 4H), 3.34-3.31 (m, 1H), 3.03 (d, J = 12.0 Hz, 1H), 2.85-2.75
(m, 1H); °C NMR (CDCls, 100 MHz): & 150.5, 141.1, 137.5, 129.0, 128.6, 127.0, 124.6, 76.8, 60.9,
50.2, 49.1, 45.4; HRMS (TOF) m/z: [M-+H]"Calcd for C;7H17CIN,OsS 397.6944; found 397.6945;
HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; = 10.9 min (minor),
t, = 14.5 min (major).
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V.

Max intensity : 2,115,536
—2.060]

m
1000-{Detector A Ch1 Z10nm]
750
500

250

Tme 10001 nten

ot #\k " /\u-k 4
Peakit Ret. Time Area Height Mark Conc.
1 10, 725 1110073 Gaz40 [ ¥ 12,129
o 11.185 3400306 153665 | ¥ 371583
3 15, 047 3183635 11098z | ¥ 34, 785
4 15,674 1455250 46697 [ ¥ 15, 933
Total F1RZETS 374485 100, 000
v Wax Intensity : 2,061,291
T00]Detector A Ch1 210nm) Time 8612 Inten. 5504
Peak# Ret. Time Area Height Mark Conec.
1 10. 850 ZR03531 14635 || 9171
Z 14. 465 2478160 93072 | a0, 529
Total 2720480 107710 100, 000
Cl
Ph,, Oj
N
Ns
ent-2a

382.0 mg (1.0 mmol scale), 96%; [a] 5= +18.9 (c 1.0, MeOH, 82% ee); HPLC (Daicel Chiralcel
AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 254 nm) t; = 11.3 min (major), t, = 15.0 min (minor).

W

Max Intensity : 2,013,904
ten -12.588|

m
1000-{Detector A Ch1210nm|
750+
500+

250+

Tme 15225 Inier

u—k\—/\,\_,__/—— = e

Peakit Ret. Time Area Height Mark Conc.

1 11. 281 B440536 259201 )| #1.073
z 14, 265 533251 28167 N g, 927
Total BOTITET 314365 100, 0ad
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_/CI
Ph\?[oj

N

Ts

2b

34.7 mg, 95%, yellow solid; MP 177—178<C; [a]5= —58.2 (¢ 1.0, MeOH, 80% ee); ‘H NMR
(CDCls3, 400 MHz): 6 7.69-7.34 (m, 9H), 4.03-4.00 (m, 1H), 3.83-3.68 (m, 4H), 3.23-3.20 (m, 1H),
3.00 (d, J = 12.0 Hz, 1H), 2.79-2.73 (m, 1H); **C NMR (CDCls;, 100 MHz): & 144.1, 138.2, 132.1,
129.9, 128.8, 128.3, 127.9, 127.0,76.7, 61.1, 50.0, 49.4, 45.5, 21.6; HRMS (TOF) m/z: [M+H]"
Calcd for C1gH20CINO3S 366.8199; found 366.8198; HPLC (Daicel Chiralcel OJ-H, i-PrOH/Hexane
= 35/65, 1.0 mL/min, 210 nm) t; = 13.3 min (minor), t, = 15.4 min (major).

my.

Max Intensity : 2,054,371
72550

Cetector A Chi 210nm]
500

400

300

2004

100

Time 5.776 nien

S b R N e
Peakit Ret. Time Area Height Mark Conc.
1 15. 038 18EE&8D 20455 M 25, 455
2 17.804 17E1265 17203 M 24 025
3 22,477 1857734 30054 25,897
4 35, 264 1704662 23717 M 24 620
Total 59352 110335 100, 000
my Max Intensity - 1,477,379
17507D?(ECIWA Ch1Z10nm| 7579 Inten -69.508]
Di{“—— ——444"‘—1{:%)‘& T
Feakit Ret. Time Area Height Mark Conc.
1 13, 277 2151559 E35a0 i 9. 915
Z 15, 355 19521255 F24644 X a0, 035
Total 220025V T FEGEZE 100, 000
Cl
Ph /,'EO]
N
Ts
ent-2b

34.7 mg, 95%; [a] 5= +57.6 (c 1.0, MeOH, 83% ee); HPLC (Daicel Chiralcel OJ-H, i-PrOH/Hexane
= 35/65, 1.0 mL/min, 210 nm) t; = 14.0 min (major), t, = 17.1 min (minor).
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mv
4000Detector A Ch1 210nm|

Max Intensity : 1,953,135
051 Inten. 1.848|
3000
2000

1000

50 75 100 125 150 175 200 25 250 275 3d0 a5 350 375 400

Peak# Ret. Time Area Height Mark Conc.
1 13. 930 EOS0E385 917707 X a1 413
2 17.091 4732089 BREEZ X 8. &5a7
Total EREGR4 T4 083271 100, 000
Cl
4
Ph\?[oj
N
s2°
oy
F
2C

33.7 mg, 91%, yellow solid; MP 182—183<C; [o]¥= +79.2 (c 1.0, MeOH, >99% ee); ‘H NMR
(CDCl3, 400 MHz): 6 7.83-7.25 (m, 9H), 4.08 (d, J = 12.0 Hz, 1H), 3.83-3.70 (m, 4H), 3.26-2.72 (m,
3H); *C NMR (CDCls, 100 MHz): & 166.8 (d, J = 254.0 Hz), 137.9, 130.6 (d, J = 9.0 Hz), 128.9,
128.5, 127.0, 116.8 (d, J = 22.0 Hz), 76.8, 61.0, 50.1, 49.3, 45.5; HRMS (TOF) m/z: [M+H]*Calcd
for C17H17CIFNO3S 370.8264; found 370.8265; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 1
/99, 1.0 mL/min, 210 nm) t; = 10.4 min (minor), t, = 11.9 min (major).

my Max Intensty - 2,382,769
Detector A Ch1 210nm] Time 8651 Inten 1.152]

2000+

1000+

500- § %

0 ,b/\v 4‘/\ v

a0 100 1o 120 130 140 180 180 170 180 19.0 200 210 270 230 min

Peakit Ret. Time Area Height Mark Conc.

1 11.212 5322754 392382 M 459 BEY

2 12,405 54175149 386580 M B0 441

Total 10740255 TEE342 100. 000

my Max Intensiy : 1,706,109

1750 YDetector A Chi Zitnm Time 4000 Inten 14991

16



Peak# Ret. Time Area Height Mark Cone.

1 10. 373 2611 204 0. 032
Z 11. 909 SZe0 a4 4E8004 M 98 058
Total SZ 72405 4EE214 100, 000

Cc

)

<
<,

Y I
Ph . O
)¢

@)
AT
2d

38.5 mg, 92%, yellow solid; MP 189—190<C; [o]3= +62.7 (c 1.0, MeOH, 99.5% ee); *H NMR
(CDCls, 400 MHz): & 7.95-7.86 (m, 4H), 7.53-7.36 (m, 5H), 4.14 (d, J = 12.0 Hz, 1H), 3.84-3.70 (m,
4H), 3.03-2.76 (m, 3H); *C NMR (CDCls, 100 MHz): & 138.9, 137.7, 135.1 (g, J = 32.0 Hz), 128.9,
128.5, 128.3, 127.0, 126.6, 126.5, 76.8, 60.9, 50.1, 49.2, 45.4; HRMS (TOF) m/z: [M-+H]*Calcd for
C1sH17CIF3NO3S 420.6102; found 420.6103; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 10/90,
1.0 mL/min, 210 nm) t; = 10.4 min (minor), t; = 11.9 min (major).

v

e PRI R

U_MM e

Peak# Ret. Time Area Height Mark Conc.

1 7. B35 1070441 EOTES X 21,961

Z 8. 182 1425180 130993 X 28,300

3 10,137 10Z5040 71904 X 21,091

4 11,088 1347605 QYEE3 X 276547

Total 4574265 370063 100, 000

MWax Intensity : 1,892,668

3500

3000

25004

2000

1500

1000

5004

Time 6391 nten 2694)

Feakit Ret. Time Area Height Mark Conc.

1 g.0a7 J3107825 1716662 | 95 TER
Z 11. 728 91312 4775 X 0.2va
Total 3198540 1721440 100, 000




2e

36.6 mg, 82%, yellow solid; MP 204—205<C; [a]5= —47.3 (c 1.0, MeOH, 96% ee); ‘H NMR
(CDCl3, 400 MHz): 6 8.74-8.71 (m, 1H), 8.50 (d, J = 12.0 Hz, 2H), 8.06 (d, J = 8.0 Hz, 2H),
7.91-7.50 (m, 6H), 4.74 (d, J = 12.0 Hz, 1H), 4.07 (dd, J; = 12.0 Hz, J,= 48.0 Hz, 2H), 3.83-3.49 (m,
3H), 2.91 (d, J = 12.0 Hz, 1H), 2.69-2.62 (m, 1H); *C NMR (CDCl;, 100 MHz): & 150.6, 141.1,
135.0, 131.2, 130.8, 130.4, 129.7, 129.6, 129.1, 126.5, 125.6, 125.1, 125.0, 124.6, 79.7,61.2, 50.2,
49.1, 45.3; HRMS (TOF) m/z: [M-+H]"Calcd for C,;H19CIN,OsS 447.8358; found 447.8359; HPLC
(Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 254 nm) t; = 10.2 min (minor), t, =

12.1 min (major).

my

Max Intensity : 2,028,415

Detector A chi 210nm]
4000

2000

Tme 6342 Inten 1.340)

1000~
o]
T T T T T T T

Peak# Ret. Time Area Height Mark Conc.
1 9,188 17300350 1053014 M 28.374
2 11.125 18210912 9v9TT3 29,863
3 13.543 128353486 534943 21.081
4 14,930 12607172 477917 200677
Total BO09T1914 307E6EE2 100. 000
etz & 0 T T e LR
Peak# Ret. Time Area Height Mark Conc.
1 10, 240 384002 25469 M 1,994
2 12,085 19369512 823628 M 93, 001
Total 19764514 849097 100. 000

2f
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39.3 mg, 95%, yellow solid; MP 172—173<C; [a]%= +77.2 (c 1.0, MeOH, 90% ee); ‘H NMR
(CDCl3, 400 MHz): & 8.43 (d, J = 12.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.52-7.12 (m, 4H),
4.17-3.69 (m, 3H), 3.66 (s, 2H), 3.36-2.94 (m, 3H); **C NMR (CDCls, 100 MHz): & 163.9 (d, J =
248.0 Hz), 150.5, 141.1, 133.3 (d, J = 3.0 Hz), 129.1 (d, J = 9.0 Hz), 124.6, 116.0 (d, J = 22.0 Hz),
76.5, 60.9, 50.1, 49.3, 45.4; HRMS (TOF) m/z: [M-+H]"Calcd for Cy7H16CIFN,OsS 415.3826;
found 415.3827; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t; =
18.0 min (major), t; = 16.0 min (minor).

my

Wax Intensity - 1,742,295
Time 15519 Inten 3.065)

500-Detector A Ch1 210nm|
Feak#t Ret. Time Area Height Mark Conc.
1 16. 216 1870215 GTEEG i 24 073
z 17.910 2004615 71925 | 25 803
3 Z1.634 1832932 51532 | 23,893
4 Z5. 960 2061115 BOA0S | 26.530
Total TTAEEETE 241323 100. 000
mv Max Intensity : 1,759,125
1750-JDetecior A Ch1 2100m| ZT360 hen 0.753)
Peak# Ret. Time Area Height Mark Conc.
1 18. 004 PRAGTIIEY 776364 | 94 TRE
z 26,047 1241760 36631 M 5. 233
Total Z3TOROSY g118386 100. 000

41.3 mg, 96%, vyellow solid; MP 177—178<C; [a]%= +96.3 (¢ 1.0, MeOH, 91% ee); ‘H NMR
(CDCl3, 400 MHz): & 8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.47-7.42 (m, 4H),
4.17-3.85 (m, 3H), 3.65 (s, 2H), 3.37-2.73 (m, 3H); *C NMR (CDCl;, 100 MHz): & 150.5, 141.1,
136.1, 134.7, 129.0, 128.6, 124.6, 76.6, 61.0, 49.9, 49.2, 45.4; HRMS (TOF) m/z: [M-+H]*Calcd for
C17H16CI2N205S 431.5090; found 431.5089; HPLC (Daicel Chiralcel OD-H, i-PrOH/Hexane = 30/70,
1.0 mL/min, 210 nm) t; = 17.2 min (major), t; = 23.0 min (minor).
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V.

Wax Intensity : 1,527,224
3377

m
Defector 4 Chi2100m)

Tme 7026 hien.

ni/_,§/\\——;/¥FAJ;/\~A/_:\_.A;AL mAw

Peak# Ret. Time Area Height Mark Conc.

1 13. 605 4789135 15729z " 28, 703

Z 17. 215 2763472 BT TGS /| 19,135

3 19. 455 4R 75056 G1144 /| 31,704

4 22,774 2509361 B5542 /| 19. 455

Total 14440054 360051 100, 000

my. Max intensity : 1,532,204
Detector 4 Ch1 210nm| Time 6.415 Inten. 1.553]
Peakit Ret. Time Area Height Mark Conc.

1 17. 155 13100560 2755955 M G5, 491

o 22,970 518655 13822 M 4. 509

Total 15719144 ZRZ2E05 100, 000

2h
45.5 mg, 96%, yellow solid; MP 197—198<C; [a]%= +73.0 (c 1.0, MeOH, 94% ee); ‘H NMR
(CDCl3, 400 MHz): & 8.46 (d, J = 12.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H),
7.40 (d, J = 8.0 Hz, 2H), 4.15-3.65 (m, 5H), 3.36-2.74 (m, 3H); *C NMR (CDCls, 100 MHz): &
150.5, 141.0, 136.6, 132.1, 129.0, 128.9, 124.6, 122.9, 76.7, 61.0, 49.8, 49.2, 45.5; HRMS (TOF)
m/z: [M+H]*Calcd for C17H15CIBrN,OsS 475.1367; found 475.1368; HPLC (Daicel Chiralcel IC,
i-PrOH/Hexane = 30/70, 1.0 mL/min, 254 nm) t; = 31.7 min (major), t; = 36.9 min (minor).

my.
Detector & Ch2 254,

Wax Intensity : 266,353
EX

12504

500

27 734

Time 4540 Inten

7133
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Peakit Ret. Time Area Height Mark Conc.

1 23 BRG 12378526 ZEE1E0 31. 888
z 27,734 12103191 231191 31,178
3 31, 8z2 TE26E324 1315149 15. 615
4 37133 Tili194 105516 15. 318
Total 38819235 734646 100, 000

e ntensty 515526

Peak# Ret. Time Area Height Mark Cone.

1 31,712 AZRTETET E1RD1G Q5. BZE
2 36,882 1350465 20136 3.074
Total AZBZEZEE B3E0E0 100, 000

2i

48.5 mg, 93%, yellow solid; MP 217—218<C; [a]}=
(CDCls, 400 MHz): & 8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H),
7.27 (d, J = 8.0 Hz, 2H), 4.14-3.64 (m, 5H), 3.35-2.74 (m, 3H); *C NMR (CDCl;, 100 MHz): &
150.5, 141.0, 138.1, 137.3, 129.1, 129.0, 124.6, 94.7, 76.8, 61.0, 49.8, 49.1, 45.4; HRMS (TOF) m/z:
[M+H]*Caled for Ci7H1CIIN,OsS 523.7125; found 523.7126; HPLC (Daicel Chiralcel IC,

i-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t; = 12.9 min (minor), t, = 16.8 min (major).

+64.9 (c 1.0, MeOH, 90% ee); '"H NMR

Wax Intensity : 1,974,475
4.745]

my
Detector A Ch12100m

Time 12680 Inten

1

u—m_/«#\ & A . & 4\/‘3&_&

11.0 120 12.0 140 15.0 16.0 17.0 186.0 19.0 20.0 21.0 220 230 240 250 26.0 Faf] 280 29.0 300 30 320 min
Peakit Ret. Time Area Height Mark Conc.

1 12,590 2054515 84111 24 314

o 15. 067 21159359 FrEva M 24 925

3 17.1589 20559055 G9251 24 &00

4 20. 165 2221365 51995 M 25. 155

Total 5492177 303245 100, 000
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MWax Intensity : 1,531,027

3000 J2EtECtor & Chi 2100m,

2500

20004

1500

Time 3713 hten

21911

o A = /\ o+

Peakit Ret. Time Area Height Mark Conc.
i1 12,534 1882057 A5G0 M E. 283
2 16. 777 337457RS 1121907 M a4 717
Total 3EEZTE10 1217677 100, 000

2
39.0 mg, 84%, yellow solid; MP 195—196<C; [a]%= +49.3 (c 1.0, MeOH, 77% ee); ‘H NMR
(CDCl3, 400 MHz): & 8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 12.0 Hz, 2H),
7.67 (d, J = 8.0 Hz, 2H), 4.19-3.65 (m, 5H), 3.36-2.77 (m, 3H); *C NMR (CDCls, 100 MHz): &
150.6, 141.7, 140.9, 131.0, 130.6, 129.0, 127.6, 125.9 (q, J = 4.0 Hz), 124.7, 76.7, 61.0, 49.6, 49.4,
45.4; HRMS (TOF) m/z: [M-+H]"Calcd for C1gH16CIF3N,OsS 465.8291; found 465.8292; HPLC
(Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210nm) t; = 13.3 min (major), t, = 17.8

min (minor).

Hax Intensity
Time 14062 Inten

:1,758275
12021

200+

100

13.348

7844

Peakit Ret. Time Area Height Mark Conc.

1 10, 459 A5ER05 BOTES M 20, 165
2 13. 346 2413005 Gigd4h9 M 45. 575
3 17.544 1528302 456851 M 30, 957
Total 4936516 165775 100, 000
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mv

3500 JDetecior A Chi 2100m]

nnnnn

Max Intensity : 1,761 613
Time 5432 e, 0.157

i A £

Peak# Ret. Time Area Height Mark Conc.

1 13. 316 16314397 BrE36T M Go. 264
2 17.813 2032304 405 M 11. 716
Total 17346701 3871 100, 000

2k

42.3 mg, 98%, yellow solid; MP 179—180<C; [a]%= +68.9 (c 1.0, MeOH, 90% ee); ‘H NMR
(CDCl3, 400 MHz): & 8.47 (d, J = 12.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.40-7.24 (m, 3H),
4.10-3.61 (m, 5H), 3.37-2.93 (m, 3H); **C NMR (CDCl;, 100 MHz): & 151.8, 150.6, 149.5 (d, J =
12.0 Hz), 141.1, 134.8, 128.9, 124.6, 123.5, 117.8 (d, J = 18.0 Hz), 116.1 (d, J = 19.0 Hz), 76.3, 61.0,
49.6, 49.4, 45.5; HRMS (TOF) m/z: [M+H]*Calcd for Ci;HisCIF,N,OsS 433.7523; found
433.7524; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t; = 14.7
min (minor), t; = 16.3 min (major).

vV

m
Detector A Chi 2100m

T T
] ;15 7o
o
ha 8ea

16,029

&
i

Max intensiy : 1,799,520
Time 17.197 nten 12.585)

@]

180 17.0 180

Peakt Ret. Time Area Height Mark Conc.

1 15. 0558 1545711 RZZ65 M 39219
2 15, 794 B2a300 2205 M 11. 165
3 16,929 1582660 GE05S 39,937
4 15. 862 456200 14075 9. 673
Total 4713761 153957 100, 000
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N

m
1750-JDetector A Chi 210nm]

1500

7509

s00

Max inten:
Time 12.758 Inien.

sity : 1,772,519
~Z.790]

; Y

Peakit Time Area Height Conc.

1 14, 743 1187930 BE393 5. 245
2 16, 327 214R7002 82937 94, 7hd
Total 22644933 839329 100. 000

2

44.6 mg, 96%, yellow solid; MP 184—185<C; [a]4= +44.4 (c 1.0, MeOH, 94% ee); ‘H NMR
(CDCl3, 400 MHz): &6 8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.60-7.35 (m, 3H),
4.07-3.62 (m, 5H), 3.35-2.80 (m, 3H); *C NMR (CDCl;, 100 MHz): & 150.6, 141.0, 138.0, 133.3,
133.0, 130.9, 129.2, 129.0, 126.6, 124.7, 76.4, 61.1, 49.4, 45.4, 22.5; HRMS (TOF) m/z: [M+H]"*
Calcd for C17H;15CI3N20sS 465.5796; found 465.5797; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane =
35/65, 1.0 mL/min, 210 nm) t; = 11.5 min (major), t, = 14.9 min (minor).

my.

Detector & Chi 210nm

750+

500

250+

2724

5.395

Max Intensity : 1,585,898
Time 6051 inten

7620

Feak#t . Time Aresa Height Cone.

1 12, 724 041783 46235 49 34ZF

Z 15, 395 SEES0E 35105 B 568

Total 1908658 51430 100, 000
petscr Atz STt
Feak# Ret. Time Aresa Height Mark Cone.

1 11.544 17v477a0 Eaii 96, 803

Z 14. 850 B3e101 22744 3.197

Total 18333882 SEZE73 100, 000
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ent-2|

43.6 mg, 94%, [a] 5= —29.7 (c 1.0, MeOH, 85% ee); HPLC (Daicel Chiralcel IC, i-PrOH/Hexane =
35/65, 1.0 mL/min, 210 nm) t; = 11.3 min (minor), t; = 14.5 min (major).

my
Joetector 2 Chi 210nm|

Wax Intenstty : 1,608,290
Time 17847 Inten 3637

2000

h1 300
Pﬁ 454
le

Peakt Ret. Time Area Height Mark Conc.

1 11. 300 Zh0251 7 103545 M T. 287
2 14. 454 317aTohEL Q00967 M 92,703
Total 343007 7a 1004512 100, 000

2m

41.6 mg, 96%, yellow solid; MP 171—172<C; [a]#= +32.1 (c 1.0, MeOH, 89% ee); 'H NMR
(CDCl3, 400 MHz): & 7.68-7.34 (m, 7H), 3.92-3.61 (m, 5H), 3.24-2.76 (m, 3H), 2.47 (s, 3H); °C
NMR (CDCl;, 100 MHz): & 144.4, 138.6, 133.1, 132.6, 131.9, 130.7, 130.0, 129.2, 127.8, 126.7,
76.3, 61.3, 49.7, 49.4, 45.5, 21.6; HRMS (TOF) m/z: [M-+H]"Calcd for C1gH;5CIsNO3S 434.7022;
found 434.7023; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t; =
8.5 min (minor), t, = 10.4 min (major).

my

[oetector 4 Ch1 21tnml
3000 JPEECIor A TN T Z10nm]

B.402

w

Max Intensity : 1,772,897
Time 17.088 Tnten EN

T T
60 7.0

=
7 T
80 9.0

T T
10.0 1.0

120

Peak# Ret. Time Area Height Mark Conc.
il g. 4592 4540544 301555 M 47. 955
z 10,533 030030 282453 M B2 012
Total SETOST3 534305 100, 000
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Max intensity : 1,788,467
Time 5501 nten 0.590]

Peak# Ret. Time Area Height Mark Conc.

1 g. 459 2213348 1585452 M 5. 447
2 10, 445 38421710 1786580 M 94 BRI
Total 40E 368054 1972362 100, 000

2n

40.2 mg, 98%, yellow solid; MP 200—201<C; [a]%= +61.4 (c 1.0, MeOH, 84% ee); ‘H NMR
(CDCl3, 400 MHz): 6 8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.40-7.25 (m, 4H), 4.16 (d, J
= 12.0 Hz, 1H), 3.83-3.63 (m, 4H), 3.35-3.31 (m, 1H), 3.00 (d, J = 12.0 Hz, 1H), 2.79-2.74 (m, 1H),
2.39 (s, 3H); **C NMR (CDCls, 100 MHz): & 150.5, 141.3, 138.5, 134.5, 129.7, 129.0, 126.9, 124.5,
76.7, 60.8, 50.3, 49.1, 45.4,21.9; HRMS (TOF) m/z: [M+H] " Calcd for C1gH19CIN,OsS 411.6972;
found 411.6973; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; =
10.0 min (minor), t; = 12.1 min (major).

V.

Max Intensity : 2,027,302

m
JDetector A Ch1 Z10nm]
400 J=tector & Ch1 2100m

750

nnnnn

Peakit Ret. Time Area Height Mark Conc.

1 9. B35 492393 3775 N 8. 904
2 9,941 2285662 125623 N 41. 708
3 10. 9582 B04035 20453 N 9,195
4 11. 955 2197474 91274 40. 0599
Total E480114 254047 100. 000
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i

Max Intensity : 1,526 435

m
Detector A Chi 210nm

Tme 23727 ien.

59.560)

Peak# Ret. Time Area Height Mark Cone.

1 10. 0s& 10425841 TOEs0 M g. 028
Z 12123 119473802 514042 M 91,972
Total 120986233 G534 701 100, 000

_/CI
Me\?[oj
N
Ns

20

30.1 mg, 90%, yellow solid; MP 146 —147<C; [a]%= +2.8 (c 1.0, MeOH, 26% ee); "H NMR (CDCls,
400 MHz): 6 8.45 (d, J = 12.0 Hz, 2H), 7.98 (d, J = 12.0 Hz, 2H), 3.91-3.55 (m, 4H), 3.12-2.90 (m,
4H), 1.38 (s, 3H); **C NMR (CDCls, 100 MHz): § 152.2, 141.6, 128.9, 124.5, 72.7, 60.4, 51.4, 47 .4,
45.3, 20.8; HRMS (TOF) m/z: [M+H]*Calcd for C1,H15CIN,OsS 335.6819; found 335.6820; HPLC
(Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; = 10.0 min (minor), t; =

13.1 min (major).

-
800 Jpetector A Cni 210nm]

5004

400+

200

100

11,334

Hax Intensity : 2,062,104
T

Tme 3908 Inten

345

Peakit Ret. Time Area Height Mark Conc.
1 11,334 FE0542 F4E90 B0, 604
o 14, 773 FITTE4 ZYEVE | ¥ 49, 395
Total 1595366 G1867 100, 0og
mv Max Intensity : 1,466,115
Defecior A Cn1 Z10m) Tme 6971 inten ~0.128|
Peakit Ret. Time Area Height Mark Conc.
1 10, 252 2157235 144492 " 35, 555
o 13,0587 JE9513T 154965 N 53, 145
Total 5553376 J29455 100, Qoo
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Br

Oj
"\
S//

7
Ph\;[
F3C/©/

2d-Br

O O

44.9 mg, 97%, white solid; MP 197 —198<C; [o] = +9.4 (c 1.0, MeOH, 54% ee); *H NMR (CDCl;,
400 MHz): & 7.94-7.86 (m, 4H), 7.52-7.37 (m, 5H), 4.07 (d, J = 12.0 Hz, 1H), 3.85-3.57 (m, 4H),
3.25-2.81 (m, 3H); **C NMR (CDCl;, 100 MHz): § 138.9, 137.9, 135.1, 134.8, 128.9, 128.5, 128.3,
126.8, 126.5 (q, J = 30.0 Hz), 128.9, 128.5, 128.3, 127.0, 126.6, 126.5, 76.8, 60.9, 50.1, 49.2, 45.4;
HRMS (TOF) m/z: [M~+H]*Calcd for CygH17BrFsNO3S 464.5912; found 464.5913; HPLC (Daicel
Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm) t; = 10.1 min (minor), t, = 14.6 min

(major).
my Max Intensity : 2,245,923
[Detector A Ch1.210nm| Time: Inten.
Peakit Ret. Time Area Height Mark Conc.
1 f.B587 2655595 24349 4. 555
2 9.411 442340 32230 M 5. 863
3 10,118 426041 173665 45, 405
4 14. 606 3307995 135140 43. 544
Total 7244971 365270 100, 000
my Max Intensity : 2,144,800
Detector A Chi 210nm Time 4084 mten.  -5.039]
2000+
1500~
1000+
500 g ?
40 50 g0 70 B 90 10.0 110 120 130 14.0 150 18.0 170 130 18.0 200 210 220 230 min
Peak# Ret. Time Area Height Mark Conc.
1 10,129 2898065 20avaz M 23 238
2 14 EO9 OETEOZ3 443602 M TG, 762
Total 12474278 E57304 100, 000
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2d-1
48.5 mg, 95%, yellow solid; MP 225—226C; [o] #= 0 (c 1.0, MeOH, 2% ee); *H NMR (CDCls, 400
MHz): & 7.93-7.85 (m, 4H), 7.49-7.35 (m, 5H), 3.87-3.75 (m, 3H), 3.65 (d, J = 8.0 Hz, 1H), 3.48 (d,
J = 8.0 Hz, 1H), 3.21-2.92 (m, 3H); *C NMR (CDCls, 100 MHz): & 138.9, 138.6, 135.1, 134.8,
128.8, 128.3, 126.6 (q, J = 30.0 Hz), 126.4, 75.0, 61.1, 51.4, 45.3, 13.8; HRMS (TOF) m/z: [M+H]
* Caled for CigHy7IF3NOsS 512.4077; found 512.4076; HPLC (Daicel Chiralcel AD-H,
i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm) t; = 10.1 min (minor), t, = 14.6 min (major).

my

200+

1504

1004

Cetector A Chi 210nm]

=
)7 663
e

10324

Y4684

Wax Intensity : 2,215 524
Time 6258 Wten. EN

T
7.0

Peakit Ret. Time Area Height Mark Conc.
1 7. 663 45590 4533 | 2. 28T
2 9.383 43192 3817 N 2.133
3 10. 324 Q59095 G2371 47. 863
4 14, G54 QG572 43399 N 47. 747
Total 2024707 114720 100. 000
Max Intensity : 2,166,887
Feakit Ret. Time Area Height Mark Conc.
1 10. 355 11045054 715305 (2 B0, B85
z 14. 716 10822053 455247 49,015
Total 21671106 1203556 100, oag
Cl
Ph,,'EO]
N
Bs
ent-2r
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33.0 mg, 94%, yellow solid; MP 165—166<C; [a]¥=—65.1 (c 1.0, MeOH, 73% ee); ‘H NMR
(CDCls, 400 MHz): & 7.81-7.35 (m, 10H), 4.07 (d, J = 12.0 Hz,1H), 3.84-3.68 (m, 4H), 3.26-3.23 (m,
1H), 3.01 (d, J = 12.0 Hz, 1H), 2.79-2.73 (m, 1H); **C NMR (CDCls, 100 MHz): & 138.0, 135.0,
133.3, 129.3, 128.8, 128.4, 127.8, 127.0, 76.7, 61.0, 50.1, 49.4, 45.5; HRMS (TOF) m/z: [M-+H]*
Calcd for Ci7H1gCIN,OsS 352.9033; found 352.9034; HPLC (Daicel Chiralcel AD-H,

i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; = 6.9 min (major), t, = 9.2 min (minor).

v

m
Detector A Ch1 Z10nm|
2500

2000
15004

10004

Wax Intensity : 2,028,811
6.897 Inten. 372844

Peakit Ret. Time Area Height Mark Conc.
1 6. 901 3702744 I6ET9Z M 459 957
2 9.11%9 3709153 Zezell | ¥ B0. 043
Total 411932 G29503 100, 0oo
T e 2R
] T mm
Peakit Ret. Time Area Height Mark Conc.
1 G, 931 147315685 1332202 | ¥ 85, 369
2 919 2327023 171384 M 13. 641
Total 170RET0S 1603557 100, 0oo

_/CI
Ph\?[oj
N
Bs

2r

33.3mg, 95%, [a] 5= +61.2 (c 1.0, MeOH, 73% ee); HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane
= 35/65, 1.0 mL/min, 210 nm) t; = 6.9 min (minor), t, = 9.1 min (major).

iV

Max Intenstty : 1,278,595

m
2500-]Detector A Chi 210nm|

20004

1000+

Time 13441 Inten

53228

T T
8.0 7.0
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Feak#t Ret. Time Aresa Height Mark Cone.
1 5. 940 1198097 112979 M 13 804
2 9. 060 TEBl137e E33246 M 6. 496
Total 8857470 B4E22E 100, 000
Cl
% o)
Me ‘ ]
N
Ns
ent-2s

40.2 mg, 98%, yellow solid; MP 186—187<C; [a]}=

+65.3 (c 1.0, MeOH, 86% ee); 'H NMR

(CDCl3, 400 MHz): 6 8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.36-7.19 (m, 4H), 4.11 (d, J
=12.0 Hz, 1H), 3.80-3.75 (m, 4H), 3.32-3.30 (m, 1H), 3.05 (d, J = 12.0 Hz, 1H), 2.84-2.78 (m, 1H),
2.41 (s, 3H); **C NMR (CDCls, 100 MHz): § 150.5, 141.2, 138.6, 137.5, 129.4, 129.0, 128.8, 127.5,
127.6, 124.0, 76.7, 60.9, 50.0, 49.2, 45.4, 21.7; HRMS (TOF) m/z: [M + H]* Calcd for
C18H19CIN,OsS 411.6972; found 411.6971; HPLC (Daicel Chiralcel OD-H, i-PrOH/Hexane = 35/65,
1.0 mL/min, 210 nm) t; = 14.2 min (minor), t; = 15.8 min (major).

i

m
angoJDetesior A Chi 210nm

17509

1250
10009
7509
500

2509

Max Intensity : 2,023,964
Tine 4741 hnen. 0139

Peak# Ret. Time Area Height Mark Conc.
1 12, 040 TE4E05T ZE13458 | ¥ 23,2085
2 13. 609 8240033 210207 | v 25, 465
3 15, 261 BER147T2 207424 | ¥ 25, 395
4 17 60T 045456 150348 | ¥ 24, 843
Total 32305847 819327 100, 000
WSnHM T e L
Feakit Ret. Time Area Height Mark Conc.
1 14, 157 1954 742 EYTLE i 7. 159
Z 15, 774 2R236455 54 FO&0 X 92,511
Total 27191226 04775 100, 000
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2s
385 mg, 94%, [a] 5= —59.6 (c 1.0, MeOH, 79% ee); HPLC (Daicel Chiralcel OD-H,
I-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; = 13.4 min (major), t; = 15.0 min (minor).

mv Max Intensity : 1,416,489
Detector A Ch1 210nm Time 3774 Inten 5.470
1000
750
500+
250 E .
0 - d”l‘ 2 o
4‘|] EID 5‘[| T‘[l Bl[l BID Wd[l 11I|] 12I[| 13‘[| 1JU 1EI|] 1é[| 17‘[| 1EI|] 19I[| Zd[l 21'[| 22I[| ml‘n
Peak# Ret. Time Area Height Mark Cone.
1 13,405 SELZ206 ZEZREE M 89 515
2 1. 018 OoR T34 32030 M 10. 385
Total QE32030 2OER21 100, 000
Cl
/,,'on
N
Ns
ent-2t

41.5 mg, 93%, vyellow solid; MP 198—199<C; [a]#= —55.8 (¢ 1.0, MeOH, 80% ee); ‘H NMR
(CDClj, 400 MHz): 6 8.42-7.54 (m, 11H), 4.32-3.75 (m, 5H), 3.36 (d, J = 8.0 Hz, 1H), 3.12 (d, J =
16.0 Hz, 1H), 2.86-2.81 (m, 1H); *C NMR (CDCls;, 100 MHz): & 150.5, 141.4, 134.8, 133.2, 133.1,
128.9, 128.5, 127.6, 127.4, 126.8, 126.5, 124.5, 123.7, 77.0, 61.1, 50.0, 49.3, 45.4; HRMS (TOF)
m/z: [M~+H] " Calcd for C»H19CIN,OsS 447.8358; found 447.8357; HPLC (Daicel Chiralcel OD-H,
I-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t; = 30.1 min (minor), t; = 34.4 min (major).

mw Max Intensity 2,033,923
Detector A Chi 210nm Time 13.568 ien. 7.457]
500-]
400
300
2004
1004 E 2 3 z
& & = =
=2 ['+]
v - N %
n_/iv_____rﬁ—h—k/‘#\ — v 5 e
7'5 1[i[| 12‘ 3 1 Il] 17'5 2[=[| 22‘5 ZIU 27‘5 3[=[| 32‘5 SE‘-U 37‘5 4[=[| 42'5 45‘-[| 47‘5 min
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Peakit Ret. Time Area Height Mark Conc.
1 20, 595 11242585 17E07 13, 327
o 25, 955 1033085 14105 12. 245
3 31,585 31058271 33861 36, 5465
4 36, 454 3170266 32240 376581
Total S4.35200 arvid 100, 000
2000, RS T 2107 T
Peakit Ret. Time Area Height Mark Conc.
1 30, 055 4151356 BT054 10. 162
o a4, 404 JE9ETTZ4 411510 9. 535
Total 41142110 455594 100, Qoo

2t
41.9 mg, 94%, [a] 5= +52.9 (c 1.0, MeOH, 78% ee); HPLC (Daicel Chiralcel OD-H,
= 35/65, 1.0 mL/min, 210 nm) t; = 30.2 min (major), t; = 34.6 min (minor).

v

i-PrOH/Hexane

m
400-Detector A Ch1 210nm

300+

200

100+

i0.201

Max Intensity : 1,485,445
426

Time 15.354  Inten. -1

4.650

u-\lu-v = b
50 7s 10.0 125 150 175 200 s 20 275 30.0 s 350 s min
Peakit Ret. Time Area Height Mark Conc.
1 30,201 T300550 gh142 M 43, 971
2 34680 Qoe01a 11213 M 11. 029
Total S20ERTE GE3RE 100, 000
Cl

M
Ph,,. Oj/eMe

N
Ns

ent-2u

40.7 mg, 96%, yellow solid; MP 185—186<C; [a]3= —67.3 (c 1.0, MeOH, 81% ee); ‘H NMR
(CDCl3, 400 MHz): 6 8.47 (d, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 7.59-7.33 (m, 5H), 4.33 (d, J
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=12.0 Hz, 1H), 3.68 (dd, J; = 12.0 Hz, J, = 32.0 Hz, 2H), 3.21 (d, J = 12.0 Hz, 1H), 2.91 (d, J = 16.0
Hz, 1H), 2.50 (d, J = 12.0 Hz, 1H), 1.28 (s, 3H), 0.83 (s, 3H); *C NMR (CDCl3, 100 MHz): & 150.5,
141.6, 140.5, 128.9, 128.4, 128.3, 126.8, 124.6, 75.4, 73.5, 55.1, 52.1, 48.8, 28.2, 26.5; HRMS
(TOF) m/z: [M+H]"Calcd for C19H2CIN,O5S 425.7761; found 425.7763; HPLC (Daicel Chiralcel
OD-H, i-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t; = 11.3 min (major), t; = 16.6 min (minor).

my

Intensity : 2,016,319
500-Defector A Chi 2100m]

HMax
Tme 11941 Inten, 106.629]

nf‘-—'Wiﬁ,FAXLLL, s
Peakit Ret. Time Area Height Mark Conc.
1 5207 319435 24027 n 3. 836
2 8. GRZ 383TTE z1883 " 4. 607
3 12,039 544212 128333 45, 151
4 17,969 3TE2055 g11v0 45, 405
Total G329ER7T 22414 100, Qoo
mv Max intensity - 2,079,985
Ipetector A Cht 21000) e Tme inten.
Peakt Ret. Time Area Height Mark Conc.
1 11. 3504 15557455 BE2005 | a0, 285
Z 156, 693 14952006 31831 | 9. 714
Total 15392667 BR3540 100, 000
C

!
/

M
Ph\?[Oj/eMe
N

Ns

2u

411 mg, 97%, [o] %=

—67.3 (c 1.0, MeOH, 81% ee); HPLC (Daicel Chiralcel OD-H,

iI-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t; = 11.7 min (minor), t; = 16.5 min (major).
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my Wax Intensity : 2,089,453
2000 JRetector 2 Ch1 Z10nm

16,454

1727

Time 12200 Inten

2685

4.0 0 8.0 7.0 8.0 9.0 10.0 11U’P 12.0 1'.7‘7.U 14I.U 1 3 16.0 17.0 18.0 19.0 20.0 210 ZZ‘.U 230 24'0 IVT|Ir|
Peakit Ret. Time Area Height Mark Conc.
1 11. 727 35TOETE 142737 | 15. 707
2 16, 454 17546049 329170 N 83. 293
Total 2142R624 471907 100. 000

Synthesis of 4
2h PhSNa
94% ee  DMF, rt
91% yield

To a solution of 2h (47.5 mg, 0.1 mmol, 1.0 equiv) in DMF (1.0 mL), was added sodium
thiophenolate (132.0 mg, 1.0 mmol, 10.0 equiv) at room temperature. The mixture was then stirred
for 12 h at room temperature. Then water and EtOAc were added. The organic layer was washed
with water, and dried over magnesium sulfate. Concentration of the organic layer offered the crude
product that was further purified by flash column chromatography (hexane/EtOAc) to give the
corresponding 4 as yellow oil, 30.0 mg, 91%;[a] 3= +32.7 (c 1.0, MeOH, 94% ee); 'H NMR (CDCls,
400 MHz): & 7.61-7.25 (m, 9H), 4.00-3.62 (m, 6H), 3.24-2.71 (m, 3H); **C NMR (CDCls;, 100
MHz): & 146.5, 137.1, 134.7, 132.0, 131.4, 130.7, 130.0, 129.5, 128.9, 128.2, 127.1, 122.7, 76.6,
61.1, 49.8, 49.4, 45.4; HRMS (TOF) m/z: [M+H]" Calcd for Ci7H;9BrNOS 364.1977; found
364.1978; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 254 nm) t; = 12.1 min
(major), t = 19.3 min (minor).

Max Intensity : 51,354
Defector / Cho Z64nm] Time 6278 ten 0,357

12120
19331

- /\
3 " o
o = "
70 80 S0 100 1.0 120 13.0 140 15.0 16.0 7o 18.0 19.0 200 21

L L ‘

Feak# Ret. Time Aresa Height Mark Cone.

1 12,120 1046533 40136 M 45 802
Z 19,331 10958216 32081 M 51,198
Total 214045 T22le 100, 000
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Max Intensity : 260,278
Time 1834 nten ~.249)
600

500

4004

12143

3004

200

100

00 25 50 7s 100 125 150 175 200 25 250 275 30.0 min

Feak# Ret. Time Aresa Height Mark Cone.

1 12. 143 BE5493053 289554 X 96 927
Z 19.274 155456 6532 X 3.073
Total B034509 206116 100. 00a

X-ray of ent-2a
Sample preparation for crystal growth: Compound ent-2a (20 mg) was dissolved in EtOAc/Hexane (viv =
1 mL /2 mL), while slow evaporation of solvent at room temperature white crystals were grown.

> NOMOVE FORCE Prob
Temp

50
150

—
n

- (51220)

c6

PLATON-Mar 17 05:38:50 2021

™~

153 1x_10308 Pcac?dl R = 0.05 RES= 0 -81 X

Thermal ellipsoids are shown at 50% probability.
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Bond precision:

Cell:

Temperature:

Volume

Space group
Hall group
Moiety formula
Sum formula

C-C = 0.0067 A

a=15.0862(5)
alpha=90
150 K

Calculated
1751.37(13)
Pcal?2l

P 2c -2ac

Cl1l7 H17 C1 N2 05 S
Cl17 H17 C1 N2 05 S

Wavelength=1.54184

b=5.1161(4) c=12.7347(6)
beta=5%0 gamma=90
Reported
1751.37(13)
P cal?2l
P Zc -2ac

Cl17 H17 C1 N2 05 S
Cl17 H17 C1 N2 05 S

Mr 396.84 396.83

DX,g cm-3 1.505 1.505

Z 4 4

Mu (mm-1) 3.338 3.338

FO0O 824.0 824.0

FO0O" 829.16

h,k, lmax 18,11,15 18,11,15
Nref 3546 [ 1859] 3034

Tmin, Tmax 0.658,0.693 0.133,1.000
Tmin’ 0.597

Correction method= # Reported T Limits: Tmin=0.133 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.63/0.86 Theta(max)= 73.762
R(reflections)= 0.0546( 2947) WRZ2 (reflections)= 0.1497( 3034)
S = 1.034 Npar= 235
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