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I. General information

'H, 3C and 3'P NMR spectra were recorded on Agilent 400MR DD2 (400 MHz) spectrometer and Agilent 600MR DD2
(600 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm), and tetramethylsilane or the residual
solvent peak was used as an internal reference: CDCl; (‘"H NMR 8 0.00, 3C NMR $ 77.00), DMSO-d¢ ("H NMR § 2.50,
3C NMR 6 39.52). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, br = broad), coupling constants (Hz) and integration. Enantiomeric excesses (ee) were determined by HPLC
analysis on Hitachi Chromaster using DAICEL CHIRALCEL AD-H, 4.6mm ® x 250 mmL, DAICEL CHIRALCEL OD-H,
4.6mm @ x250 mmL, DAICEL CHIRALCEL ID-H, 4.6mm @ x 250 mmL, DAICEL CHIRALCEL IA-H, 4.6mm @ x
250 mmL, DAICEL CHIRALCEL IC-H, 4.6mm ® x 250 mmL. High resolution mass spectra (HRMS) were performed
on Bruker Solarix 7.0T. X-ray crystallography analysis of single crystal was performed on an Agilent SuperNova-CCD X-
Ray diffractometer. Optical Rotation was measured on a Rudolph Autopol I polarimeter. Unless otherwise stated, all

reagents were purchased from commercial suppliers and used without further purification.

II. General procedure for the synthesis of substrates 1 and (E)-2

General procedure for the synthesis of substrates 1:

NC
CN
o) O p
X malonodinitrile, N A
Rz—:\ o 1) NaH, DMF Rz—:/ H RZ—:/ o
Z N 2)R'X N EtOH, reflux N
H R? R!
S1 S2 1

Isatins S1 (3.0 mmol, 1.0 equiv) was dissolved in anhydrous DMF (15 mL), and the resultant solution was cooled to 0 °C,
whereupon sodium hydride (60% dispersion in mineral oil, 3.6 mmol, 1.2 equiv) was added in one portion and stirred for
5-10 minutes. lodomethane (3.3 mmol, 1.1 equiv) was added and the reaction was stirred at 0 °C for 30 minutes. The
reaction was monitored by TLC until S1 was fully consumed. The reaction mixture was then poured into saturated aqueous
NH,4Cl and extracted with ethyl acetate. The combined organic portions were washed with water and brine, dried (MgSO,),
filtered, and concentrated to give N-substituted isatins S2 (90%-98% yield).

The preparation of 1 was followed the literature procedure.! To a solution of the N-substituted isatins S2 (5.0 mmol, 1.0
equiv) in anhydrous ethanol (10 mL) malonodinitrile (6.0 mmol, 1.2 equiv) was added, as well as one drop piperidine as
catalyst. The reaction mixture was refluxed for 1 h (oil bath). After cooling, the precipitated solid was collected by filtration

and washed with cold ethanol (10 mL) to afford analytically pure compounds 1 (80%-95% yield).

General procedure for the synthesis of substrates (E£)-2:

o P OH 0
MgBr IBX
RS/\)J\H R3 X = R3W
THF,0°Ctort DMSO, rt
(E)-S3 (E)-S4 (E)-2

The preparation of (E)-2 was followed the literature procedure.? Into a 50 mL oven-dried three-necked bottle under Ar gas
protection were added (E)-S3 (10 mmol, 1.0 equiv) and THF (15 mL). The solution was cooled to 0 °C and vinylmagnesium
bromide (11 mmol, 1.1 equiv) in THF was added dropwise to the solution within 30 minutes. The mixture was stirred at
room temperature overnight and quenched with saturated NH4CI. The solution was extracted with ethyl acetate for three

times, the combined organic layer was washed with saturated NaCl and dried over Na,SO,. The organic layer was
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concentrated and purified by column chromatography on silica gel (PE/EA, 5:1). The obtaining alcohol product (E)-S4 (10
mmol, 1.0 equiv) was dissolved in DMSO (20 mL) and IBX (15 mmol, 1.5 equiv) was added, the mixture was stirred at
room temperature overnight. The reaction mixture was then diluted with dichloromethane and filtered through celite. The
solvent was washed with water for three times and saturated NaCl. After dried over Na,SO,, the solvent was concentrated

and purified by column chromatography on silica ge , 15:1) to give compounds (E)- 0-95% yield).
d purified by col h h ili 1 (PE/EA, 15:1) i ds (E)-2 (80%-95% yield)

III. General procedure for the synthesis of substrates 4 and 5

General procedure for the synthesis of substrates 4:

o) tBuO,C
N Ph3Py_CO,tBu /
RS- o} N
K — 5.1
x~ "N CHCla, reflux R 0
3
R* x~ N
X =N, CH R
S5 4

The preparation of 4 was followed the literature procedure.’ To a solution of the N-substituted isatins S5 (2.0 mmol, 2.0
equiv) in CHCI; (5 mL) was added Wittig reagent (1.0 mmol, 1.0 equiv). The resulting mixture was stirred at room
temperature for 10 h or reflux for 6 h (oil bath). Then the mixture was concentrated under reduced pressure and purified
by flash chromatography on silica gel (PE/EA, 20:1) to give compounds 4 (70%-90% yield).

General procedure for the synthesis of substrate 5:

CHO
MgBr
Cr
o THF, 0 °Cto rt DMSO, rt

S6

The preparation of 5 was followed the literature procedure.* A suspension of benzofuran-3-carbaldehyde S6 (5.0 mmol,
1.0 equiv) in anhydrous THF (20 mL) was stirred and cooled to 0 °C, and vinylmagnesium bromide (6.0 mmol, 1.2 equiv)
was slowly added under argon atmosphere. The resulting yellow suspension was warmed to room temperature and stirred
for 6 h. After complete conversion (monitored by TLC), the reaction was quenched with aqueous NH4Cl and extracted
with EtOAc. The combined organic phases were dried (Na,SQOy), filtered and evaporated. The crude residue was purified
by flash chromatography on silica gel (PE/EA, 10:1) to give the alcohol S7 as a yellow oil in 80% yield. The alcohol S7
(4.0 mmol, 1.0 equiv) was dissolved in DMSO (10 mL), and IBX (6.0 mmol, 1.5 equiv) was added at room temperature.
After complete conversion (monitored by TLC), the mixture was extracted with EtOAc. The combined organic phases
were dried over Na,SO,. The solvent was removed under reduced pressure, and the residue was purified by flash

chromatography on silica gel (PE/EA, 15:1) to give pure compound 5 as a white solid in 97% yield.



IV. General procedure for the synthesis of organocatalysts (A-H)
The organocatalysts were synthesized mainly according to the literature procedures.’

Synthesis of organocatalysts A:

Q Ph,P(O)H,
Pd(OAc),\dppb,
%,N _ Tf20 Et3N N P2 IPerEt N yZ HS|CI3 EtzN N ¥z
OH DCM 0°C oTf PMSO, 120 °C, 12h P(O)Ph, toluene, 120 °C PPh,
S8

Under argon atmosphere at 0 °C, S8 (1.0 g, 3.2 mmol, >99% ee) was dissolved in dichloromethane (30 mL), which was
added Et;N (2.7 mL, 19.2 mmol). Then, Tf,0 (1.1 mL, 6.4 mmol) was added dropwise to the reaction mixture at 0 °C,
which was further stirred at room temperature for 12 h. After the completion of the reaction indicated by TLC, the reaction
mixture was diluted by dichloromethane and quenched by hydrochloric acid (1 M). The resultant mixture was extracted by
dichloromethane, and the organic layer was washed successively by saturated NaHCO; aqueous solution and saturated
NaCl aqueous solution. Subsequently, the resultant organic layer was dried by anhydrous Na,SO, and purified by flash
column chromatography on silica gel (PE/EA, 15:1) to afford S9 as a white solid in 85% yield.

A three-necked round-bottom flask charged with a mixture of triflate S9 (1.0 g, 2.2 mmol), diphenylphosphine oxide (890
mg, 4.4 mmol), 1,4-Bis(diphenylphosphino)butane (dppb) (94 mg, 0.22 mmol), Pd(OAc), (49 mg, 0.22 mmol) and
diisopropylethylamine (1.8 mL, 11.0 mmol) in 40 mL of DMSO was heated to 120 °C for 12 h (oil bath) under argon
atmosphere. The solvent was removed under reduced pressure. To the residue were added water (20 mL) and EtOAc (50
mL), and the organic phase was washed with 10% HCI (3 x 50 mL), brine, and water and finally dried over Na,SO,.
Evaporation to dryness yielded a crude material which was purified by flash column chromatography on silica gel (PE/EA,

3:1) to yield the pure product S10 as a colorless solid in 90% yield.

Under argon atmosphere at 0 °C, HSiCl; (4.0 mL, 40.0 mmol) was carefully added to a mixture of phosphine oxide (1.0 g,
2.0 mmol) and triethylamine (13.3 mL, 96.0 mmol) in toluene (40 mL) in a three-necked round-bottom flask under argon
atmosphere. The mixture was heated to reflux for 16-24 h (oil bath). To the cooled mixture was added ether and sodium
bicarbonate. Solids were removed by filtration and the solvent was removed under reduced pressure. The residue was
purified by flash column chromatography on silica gel (PE/EA, 15:1) to give the product A as a colorless solid in 70%
yield.

Synthesis of organocatalysts B

N

PhI(OAGc),, AcOK,

%’ 2 Pd(OAc), NG ~0Ac HSICls, EtsN N ~onc
—_—
OO P(O)Phy  CHZCN, 80°C, 12 h OO P(O)Ph, toluene, 120 °C, 12 h l ! PPh,
s10 s11 B

Pd(OAc), (898 mg, 4.0 mmol), PhI(OAc), (1.3 g, 4.0 mmol), S10 (1.0 g, 2.0 mmol), and AcOK (196 mg, 2.0 mmol) were
loaded into a three-necked round-bottom flask. The flask was evacuated and flushed with nitrogen three times. The solvent

acetonitrile (30 mL) was then added with stirring at room temperature for several minutes. The flask was then placed into



a preheated oil bath (80 °C) and stirred for 4 h. After completion of the reaction as judged by TLC, the reaction flask was
allowed to cool to room temperature and quenched with sodium bisulfate solution and water. EtOAc was then added for
dilution. The organic layer was separated, and the aqueous layer was washed with EtOAc. The filtrate was concentrated
under reduced pressure. The crude products were purified by flash column chromatography on silica gel (PE/EA, 2:1) to

give the compound S11 as a yellow solid in 85% yield.

Under argon atmosphere at 0 °C, HSiCl; (3.6 mL, 36.0 mmol) was carefully added to a mixture of phosphine oxide (1.0 g,
1.8 mmol) and triethylamine (12.0 mL, 86.4 mmol) in toluene (40 mL) in a three-necked round-bottom flask under argon
atmosphere. The mixture was heated to reflux for 16-24 h (oil bath). To the cooled mixture was added ether and sodium
bicarbonate. Solids were removed by filtration and the solvent was removed under reduced pressure. The residue was

purified by flash column chromatography on silica gel (PE/EA, 15:1) to give the product B as a yellow solid in 90% yield.

Synthesis of organocatalysts C and D:

NH, | i-ProNEt,

| I |

H
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Into a solution of 2-amino-3-nitrophenol S12 (5.92 g, 38.4 mmol) in DMSO (100 mL) was added 30% H,SO, (200 mL).
The mixtures were stirred for 1 h to effect solution, After cooled to 0 °C with an ice-water bath, the mixture was treated
with a solution of NaNO, (3.97 g, 57.6 mmol) in deionized H,O (20 mL) in 15 minutes. The reaction mixture was stirred
at 0 °C for 1 h, after which a solution of KI (9.57 g, 57.6 mmol) and I, (7.30 g, 28.8 mmol) in 50 mL of deionized H,O was
added. After 1 h of stirring at room temperature, another batch of KI (3.19 g, 19.2 mmol) and I, (3.65 g, 14.4 mmol) in 50
mL of deionized H,O was then added. The reaction mixture was stirred at room temperature for another 1 h and 80 °C for
2 h (oil bath). EtOAc (250 mL) was added, and the mixture was washed sequentially with brine, 10% NaHSOs, and water.
The organic phase was dried over Na,SOy, filtered, and concentrated. The residue was purified by flash chromatography

on silica gel (hexane/EA, 5:1) to give S13 as a brown yellow solid in 80% yield.

S13 (3.78 g, 15.0 mmol) was dissolved in CH,Cl, (25 mL) at 0 °C. N, N-Diisopropylethylamine (4.46 mL, 27.0 mmol) was
added slowly to solution, after 10 minutes, methoxymethyl chloride (1.71 mL, 22.5 mmol) was slowly added to solution,
then the reaction mixture was warmed up to room temperature and stirred for 30 minutes. The aqueous layer was washed
twice with CH,Cl,, The organic layer was dried over Na,SO, and evaporated to dryness, which was purified by flash
chromathography (PE/EA, 5:1) to yield S14 as a white solid in 95% yield.

A suspension of S14 (2.50 g, 8.1 mmol) and zinc dust (15.89 g, 243.0 mmol) in DCM was added HOAc¢ (7.29 mL) dropwise

at 0 °C, and allowed to stir at 0 °C for another 10 minutes. The reaction mixture was filtered and washed with DCM. The



filtrate was evaporated to dryness and subjected to flash column chromatography (PE/EA, 4:1) to give S15 in 85% yield

as a yellow oil.

To a stirred solution of S15 (3.00 g, 10.7 mmol) in hexane at room temperature under argon, were successively added tert-
butyl 2,2,2-trichloroacetimidate (TBTA) (4.79 mL, 26.8 mmol) and a few drops of BF;-Et,0. The formation of a white
precipitate was usually observed. The reaction was monitored by TLC and if needed, extra TBTA and BF;-Et,0 were
added. When starting material was totally consumed, the solvent was evaporated in vacuo and the resulting crude residue

was purified by flash column chromatography (PE/EA, 10:1) to give S16 in 90% yield as a yellow oil.

PdCl,(PPhs), (365 mg, 0.52 mmol), Cul (198 mg, 1.04 mmol) and S16 (3.50 g, 10.44 mmol) were weighed and added into
an oven dried flask, evacuated and backfilled with nitrogen (3 times), toluene (25 mL) was injected into the flask, then
triethylamine (15 mL) was slowly added. After that, the alkyne (2.63 g, 12.53 mmol) dissolved in toluene (10 mL) was
added slowly. The resulting mixture kept stirring at 80 °C for 6 h (oil bath). Then the mixture was filtered through a pad
of celite and washed with EA. Removal of solvent under reduced pressure, purified by flash chromatography on silica gel
(PE/EA, 8:1) to afford S17 in 80% yield as a yellow solid.

To a stirred solution of S17 (2.0 g, 4.8 mmol) in THF (20 mL) was added hydrazine monohydrate (50%, 0.86 mL, 14.4
mmol) dropwise at room temperature. Then, the resulting solution was kept stirring until S17 was fully consumed.
Quenched with NH4Cl, extracted with EA, washed with brine, dried over Na,SO, and filtered, concentrated under reduced
pressure and purified by flash column chromatography (PE/EA, 5:1) to afford the desired product S18 in 95% yield as a

yellow solid.

The asymmetric preparation of S19 was followed the known literature procedure.’> A flame-dried Schlenk tube equipped
with a magnetic stirring bar was charged with S18 (751 mg, 2.0 mmol) and quinine-derived thiourea catalyst (119 mg, 0.2
mmol). DCM (30 mL) was injected into the tube at room temperature. After stirring for 24 h, the mixture was purified by
silica gel chromatography (PE/EA, 5:1) to afford the chiral product S19 as a white solid in 90% yield.

Under argon atmosphere at 0 °C, S19 (1.0 g, 2.7 mmol, >99% ee) was dissolved in dichloromethane (30 mL), which was
added EN (2.3 mL, 16.2 mmol). Then, Tf,0 (0.9 mL, 5.4 mmol) was added dropwise to the reaction mixture, which was
further stirred at 0 °C for 6 h. After the completion of the reaction indicated by TLC, the reaction mixture was diluted by
dichloromethane and quenched by hydrochloric acid (1 M). The resultant mixture was extracted by dichloromethane, and
the organic layer was washed successively by saturated NaHCO; aqueous solution and saturated NaCl aqueous solution.
Subsequently, the resultant organic layer was dried by anhydrous Na,SO, and purified by flash column chromatography
(PE/EA, 15:1) to afford S20 as a white solid in 80% yield.

A three-necked round-bottom flask charged with a mixture of triflate S20 (1.0 g, 2.0 mmol), diphenylphosphine oxide (809
mg, 4.0 mmol), 1,4-Bis(diphenylphosphino)butane (dppb) (85 mg, 0.2 mmol), Pd(OAc), (45 mg, 0.2 mmol) and
diisopropylethylamine (1.7 mL, 10.0 mmol) in 20 mL of DMSO was heated to 120 °C for 12 h (oil bath) under argon
atmosphere. The solvent was removed under reduced pressure. To the residue were added water (20 mL) and EtOAc (50
mL), and the organic phase was washed with 10% HCI (3 x 50 mL), brine, and water and finally dried over Na,SO,.
Evaporation to dryness yielded a crude material which was purified by flash column chromatography (PE/EA, 2:1) to yield
the pure product S21 as a colorless solid in 90% yield.

Under argon atmosphere at 0 °C, HSiCl; (3.6 mL, 36.0 mmol) was carefully added to a mixture of phosphine oxide (1.0 g,
1.8 mmol) and triethylamine (12.0 mL, 86.4 mmol) in toluene (40 mL) in a three-necked round-bottom flask under argon

atmosphere. The mixture was heated to reflux for 16-24 h (oil bath). To the cooled mixture was added ether and sodium



bicarbonate. Solids were removed by filtration and the solvent was removed under reduced pressure. The residue was

purified by flash column chromatography (PE/EA, 10:1) to give the compound C as a colorless solid in 90% yield.

C (2.0 mmol) was dissolved in MeOH (25 mL), and then HCI (36%, 13.5 mL) was slowly added. The resulted mixture
was stirred at room temperature until deprotection is completed. The acid was neutralized with water. The organic material
was extracted with dichloromethane, and dried over anhydrous Na,SO,. Removal of solvent under reduced pressure afford
a residue which is purified by chromatography on silica gel (PE/EA, 8:1) to afford the compound D as a white solid in 95%
yield.

Synthesis of organocatalysts E, F, G and H:

%N ~ NBS %’N ~gr MOMCI, NaH %’N A~gr n-BuLi, PR,CI >FN PR, HCl %N PR,
—_— _— - = —_—
l i OH DCM,0°C l i OH  THF,0°C OO OMOM  THF, -78 °C i OMOM  MeOH, rt i OH
s8 S22 s23 s24

F: R = phenyl
G: R = 4-methoxypheny!
H: R = cyclohexyl

The NBS (605 mg, 3.4 mmol) was dissolved in DCM (20 mL) containing compound S8° (1.0 g, 3.2 mmol, >99% ee). The
resulting mixture was stirred for 8 h at 0 °C. Subsequently, the solvent was removed under reduced pressure to obtain a
yellow oily residue, which was purified by column chromatography (PE/EA, 5:1) to afford compound S22 as a white solid
in 95% yield.

To a suspension of NaH (60%, 148 mg, 3.7 mmol) in THF (20 mL) under argon flow were added S22 (1.0 g, 2.5 mmol) at
0 °C, by small portions. The suspension was kept under stirring for 1 h at room temperature, methoxymethyl chloride (0.34
mL, 4.5 mmol) were added slowly, and the reaction mixture was stirred for 10 additional hours. The reaction was carefully
diluted with water and the organic part was extracted with EtOAc. The combined organic extracts were washed with water,
brine and dried over anhydrous Na,SO,4. Concentration and flash chromatography on a silica column (PE/EA, 8:1) afforded

compound S23 as a white solid in 90% yield.

S23 (1.0 g, 2.3 mmol) was dissolved in freshly distilled THF (10 mL) at room temperature under nitrogen atmosphere. The
solution was cooled to -78 °C. Then, n-BuLi (1.2 mL, 2.5 M in hexane, 3.0 mmol) was added dropwise by syringe. After
the reaction mixture was stirred for 30 minutes at -78°C, appropriate chlorodiphenylphosphines (3.5 mmol) in THF (5 mL)
was added dropwise. The reaction was allowed to warm to room temperature and stirred overnight. Solvent was removed
under reduced pressure. After the solvent was removed under vacuum, the product was successively washing with cold
MeOH. The product was then dried under vacuum and flash chromatography on a silica column (PE/EA, 8:1) afforded
compounds S24 as a white solid in 60%-85% yield.

S24 (2.0 mmol) was dissolved in MeOH (25 mL), and then HCI (36%, 13.5 mL) was slowly added. The resulted mixture
was stirred at room temperature until deprotection is completed. The acid was neutralized with water. The organic material
was extracted with dichloromethane, and dried over anhydrous Na,SO,. Removal of solvent under reduced pressure afford
a residue which is purified by chromatography on silica gel (PE/EA, 8:1) to afford the pure compounds as white solid in
90%-95% yield.



V. Optimization of the reaction conditions

Optimization of the reaction conditions A:

NC, N
rc o
o + NN
N
Allyl

1c

2a
OO Do
%N _ %N A~0Ac %N /
l i PPh, l i PPh, l i PPh,
A B c

Table 1. Screening of catalyst”

catalyst NC o
> NC
solvent we /
(e]
N 0

Allyl
3c
o L) ()
%N ¥ %N / PPh, NF PR,
O i PPh, O i OMOM O i OH
D E F: R = phenyl

G: R = 4-methoxyphenyl
H: R = cyclohexyl

entry catalyst solvent time (h) T (°C) yield (%) ee (%)° drd
(10 mol %)

1 A toluene 12 25 <10 =79 -
2 B toluene 12 25 <10 -85 -
3 C toluene 12 25 - - -
4 D toluene 12 25 <10 -49 -
5 E toluene 12 25 94 5 >20:1
6 F toluene 12 25 95 98 >20:1
7 G toluene 12 25 89 97 18:1
8 H toluene 12 25 90 98 18:1

@Reaction conditions: 1¢ (0.10 mmol), catalyst (10 mol %) and 2a (0.25 mmol) in toluene (2.0 mL) at 25 °C for 12 h under N,. *Isolated

yield. ‘Determined by HPLC analysis on a chiral stationary phase. YDiastereomeric ratio (dr) was determined by 'H NMR.

Table 2. Screening of solvent”

entry catalyst solvent time(h) T(CC)  yield (%) ee (%) drd
(10 mol %)
1 F toluene 12 25 95 98 >20:1
2 F PhCF; 12 25 93 98 >20:1
3 F DCM 12 25 85 98 15:1
4 F CHCl; 12 25 88 98 18:1
5 F THF 12 25 88 97 15:1
6 F MeCN 12 25 96 93 >20:1

@Reaction conditions: 1¢ (0.10 mmol), catalyst F (10 mol %) and 2a (0.25 mmol) in solvent (2.0 mL) at 25 °C for 12 h under N,. *Isolated

yield. ‘Determined by HPLC analysis on a chiral stationary phase. Diastereomeric ratio (dr) was determined by 'H NMR.



Table 3. Screening of temperature”

entry catalyst solvent time (h) T (°C) yield (%)?  ee (%) dr?
(10 mol %)
1 F toluene 24 -10 85 >909 >20:1
2 F toluene 24 0 94 >99 >20:1
3 F toluene 12 10 94 99 >20:1
4 F toluene 12 25 95 98 >20:1
5 F toluene 12 35 95 98 >20:1
6 F toluene 12 50 95 97 >20:1
7¢ F toluene 24 0 94 96 >20:1

@Reaction conditions: 1¢ (0.10 mmol), catalyst F (10 mol %) and 2a (0.25 mmol) in toluene (2.0 mL) under N,. ?Isolated yield.

“Determined by HPLC analysis on a chiral stationary phase. “Diastereomeric ratio (dr) was determined by '"H NMR. *With 4 A MS (40

mg).

Table 4. Catalyst loading screening”

catalyst . .
entry solvent time (h) T (°C) yield (%) ee (%)° dr?
(mol %)
1 10 toluene 24 0 94 >99 >20:1
2 5 toluene 24 0 93 >99 >20:1
3 2.5 toluene 24 0 65 >99 >20:1

@Reaction conditions: 1¢ (0.10 mmol), catalyst F and 2a (0.25 mmol) in toluene (2.0 mL) at 0 °C for 24 h under N,. *Isolated yield.

“Determined by HPLC analysis on a chiral stationary phase. Diastereomeric ratio (dr) was determined by 'H NMR.

Optimization of the reaction conditions B:

{BUO,C o Q o
J, N catalyst
4 on
0 N solvent w CO,tBu
N d °©
Boc N
Boc
4e 5 6e

O & Cromn o ()
%N 7 %N A~0hc %N Z %N 7 %N ~PPh,
Iy oy oy ooyt ooyt

A B C D

E

Table 5. Screening of catalyst”

%’N PR,
998

F: R = phenyl
G: R = 4-methoxyphenyl
H: R = cyclohexyl

catalyst ) .
entry solvent time (h) T (°C) yield (%)?  ee (%)° drd
(5 mol %)
1 A toluene 12 25 - - -
2 B toluene 12 25 - - -



0 N Y B~ W

Q=2 = <2 0O

H

toluene
toluene
toluene
toluene
toluene

toluene

12
12
12
12
12
12

25
25
25
25
25
25

39

>99

>20:1
18:1
15:1

“Reaction conditions: 4e (0.075 mmol), catalyst (5 mol %) and 5 (0.05 mmol) in toluene (1.0 mL) at 25 °C for 12 h under N,. “Isolated

yield. ‘Determined by HPLC analysis on a chiral stationary phase. YDiastereomeric ratio (dr) was determined by 'H NMR.

Table 6. Screening of solvent”

catalyst . .
entry solvent time (h) T (°C) yield (%) ee (%)° drd
(5 mol %)
1 F toluene 12 25 72 >99 >20:1
2 F PhCF; 12 25 53 >09 15:1
3 F DCM 12 25 40 >99 12:1
4 F CHCly 12 25 45 >99 15:1
5 F THF 12 25 38 >99 10:1

Reaction conditions: 4e (0.075 mmol), catalyst F (5 mol %) and 5 (0.05 mmol) in solvent (1.0 mL) at 25 °C for 12 h under N,. *Isolated

yield. ‘Determined by HPLC analysis on a chiral stationary phase. “Diastereomeric ratio (dr) was determined by 'H NMR.

Table 7. Screening of temperature”

entry catalyst solvent time(h) T(C)  yield (%) ee (%) dré
(5 mol %)
1 F toluene 12 0 39 >09 >20:1
2 F toluene 12 15 64 >09 >20:1
3 F toluene 12 25 72 >99 >20:1
4 F toluene 12 35 68 >99 18:1
5 F toluene 12 50 65 >99 15:1
6° F toluene 12 25 80 >99 >20:1
7ef F toluene 12 25 75 >99 >20:1

Reaction conditions: 4e (0.075 mmol), catalyst F (5 mol %) and 5 (0.05 mmol) in toluene (1.0 mL) under N,. ’Isolated yield.

“Determined by HPLC analysis on a chiral stationary phase. “Diastereomeric ratio (dr) was determined by '"H NMR. ¢Substrate 5 was

added in two portions./With 4 A MS (20 mg).

Table 8. Catalyst loading screening”

catalyst

entry solvent time (h) T (°C) yield (%) ee (%)° drd
(mol %)
1 10 toluene 12 25 81 >99 >20:1
2 5 toluene 12 25 80 >99 >20:1
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3 2.5 toluene 12 25 58 >99 15:1

@Reaction conditions: 4e (0.075 mmol), catalyst F and 5 (0.05 mmol) in toluene (1.0 mL) at 25 °C for 12 h under N,, substrate 5 was
added in two portions. ’Isolated yield. ‘Determined by HPLC analysis on a chiral stationary phase. “Diastereomeric ratio (dr) was
determined by 'H NMR.

VI. General procedures for the asymmetric process

General procedure for the synthesis of compounds 3:

NC
) CN o
0,
2ff S 0 " R3W F (5 mol %)
Ry N toluene, 0 °C, 24 h
R
1 2 3

A flame-dried Schlenk tube equipped with a magnetic stirring bar were charged with 1 (0.10 mmol, 1.0 equiv), (E)-2 (0.25
mmol, 2.5 equiv), and catalyst F (2.5 mg, 5 mol %), toluene (2.0 mL) was added and the reaction mixture was stirred at 0
°C for 24 h under N,. After completion, the reaction mixture was purified by flash chromatography on silica gel (EtOAc/
petroleum ether, 1:8 to 1:4) to give the pure products 3.

General procedure for the synthesis of compounds 6:

tBuO,C o
/ N F (5 mol %)
N +
RO o > toluene, 25 °C, 12 h
\X/ N o oluene, ,
R4
X =N, CH
4 5 6

A flame-dried Schlenk tube equipped with a magnetic stirring bar were charged with 3-olefinic oxindole 4 (0.15 mmol, 1.5
equiv), 3-benzofuranyl vinyl ketone 5 (0.1 mmol, 1.0 equiv), and catalyst F (2.5 mg, 5 mol %), toluene (2.0 mL) was added
and the reaction mixture was stirred at 25 °C for 12 h under N,, Substrate S was added in two portions at 1 h interval. After

completion, the reaction mixture was purified by flash chromatography on silica gel (EtOAc/petroleum ether, 1:10 to 1:4)

to give the pure products 6.
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VII. Asymmetric reactions at 1.0 mmol

Asymmetric reaction for the synthesis of compound 3m at 1.0 mmol:

NC._ /
F (5 mol %)
toluene, 0 °C, 24 h /@\
Br N

AIIyI
Allyl
1m 2a 3m

A flame-dried Schlenk tube equipped with a magnetic stirring bar were charged with 1m (314 mg, 1.0 mmol), (E)-2a (396
mg, 2.5 mmol), and catalyst F (25 mg, 5 mol %), toluene (20 mL) was added and the reaction mixture was stirred at 0 °C
for 24 h under N,. After completion, the reaction mixture was purified by flash chromatography on silica gel (EtOAc/
petroleum ether, 1:8) to give the pure products 3m: white solid, 567 mg, 90% yield, 98% ee, >20:1 dr.

Asymmetric reaction for the synthesis of compound 6e at 1.0 mmol:

tBuOZC Q
Qi
toluene, 25 °C, 12 h ©\\

de 5

A flame-dried Schlenk tube equipped with a magnetic stirring bar were charged with 3-olefinic oxindole 4e (518 mg, 1.5
mmol), 3-benzofuranyl vinyl ketone 5 (172 mg, 1.0 mmol), and catalyst F (25 mg, 5 mol %), toluene (20 mL) was added
and the reaction mixture was stirred at 25 °C for 12 h under N,, Substrate 5 was added in two portions at 1 h interval. After
completion, the reaction mixture was purified by flash chromatography on silica gel (EtOAc/petroleum ether, 1:10) to give
the pure products 6e: white solid, 424 mg, 82% yield, >99% ee, >20:1 dr.

VIII.  Analytic data of compounds (3a-3t, 6a-6t)

TH NMR (400 MHz, CDCls) § 7.93 (d, J= 7.6 Hz, 1H), 7.64 — 7.33 (m, 12H), 7.26 — 7.20
(m, 1H), 7.06 (d, J = 15.7 Hz, 1H), 6.94 (d, J = 7.8 Hz, 1H), 5.95 (s, 1H), 5.83 (s, 1H),
4.74 (dd, J = 13.9, 3.9 Hz, 1H), 3.77 (dd, J = 8.3, 4.0 Hz, 1H), 3.40 — 3.25 (m, 4H), 2.88
(dd, J=14.8, 4.0 Hz, 1H), 2.78 (dd, J= 13.9, 8.3 Hz, 1H), 1.86 (dd, J = 14.0, 4.1 Hz, 1H).

13C NMR (100 MHz, CDCl3) 8 201.6, 190.4, 171.8, 145.3, 143.7, 143.6, 134.5, 134.4,
131.0, 130.3, 129.4, 128.9, 128.8, 128.7, 128.1, 127.3, 125.7, 124.1, 123.9, 120.7, 112.1,
111.6, 109.0, 58.2, 48.5, 48.5, 43.0, 42.4, 27.7, 26.6.

HRMS (ESI) m/z Calcd for [C34H»7N3NaO;, M+ NaJ*: 548.1945, Found: 548.1942.

HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 20.972

min (minor), fr = 36.674 min (major).

Optical Rotation: [a]3° =89.4 ° (c = 1.0, CH,CL); Physical properties: white solid; Yield: 94%, 49.4 mg.
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20872

V-WLL UV-WL1

RetTime (min) Height (Volts) Area Ares (%) RetTime (min) Width (min} Height (Volts) Area Ares (%)
20.681 486437 35725733 50.655 20072 272 7330 362760 1473
37372 198117 34802515 40345 36.674 12.41 218960 37646070 98.527

H NMR (400 MHz, CDCl;) 3 7.96 (d, J = 7.7 Hz, 1H), 7.62 — 7.35 (m, 12H), 7.29 (t, J =
7.7 Hz, 1H), 7.17 (d, J= 7.9 Hz, 1H), 7.08 (d, J = 15.7 Hz, 1H), 5.98 (s, 1H), 5.87 (s, 1H),
5.22 (q,J = 11.0 Hz, 2H), 4.69 (dd, J = 13.8, 3.9 Hz, 1H), 3.78 (dd, J = 8.4, 3.8 Hz, 1H),
3.45 (s, 3H), 3.35 (t, J = 14.3 Hz, 1H), 2.90 (dd, J = 14.7, 4.0 Hz, 1H), 2.78 (dd, J = 13.8,
8.4 Hz, 1H), 1.88 (dd, J = 13.8, 3.8 Hz, 1H).

13C NMR (100 MHz, CDCls) 8 201.6, 190.5, 172.7, 145.2, 143.8, 142.2, 134.6, 134.3,
131.2,130.4, 129.6, 129.0, 128.8, 128.8, 128.2, 127.5, 125.8, 124.5, 123.8, 120.7, 112.0,

111.8,110.5,72.1, 58.8, 57.0, 48.9, 48.6, 43.4, 42.6, 27.7.

HRMS (ESI) m/z Calcd for [C3sH,9N;3;NaO4, M+ NaJ*: 578.2050, Found: 578.2047.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, # = 13.231

min (major), g = 19.046 min (minor).

Optical Rotation: [«] 80 =70.7° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 85%, 47.2 mg.

TV-WL1

RetTime (min)

13.146
18.346

2 n
b I
= | i i
I . [
A e = 1
Iy * . F 100
f oA | '\\ g
/ g | & = ‘
| i o 1
| 0 o I o 1 | Ly
% 20 22 . 1 12 i 18 18 20 2
UV-WL1
Beizht (Volts) Area Area (B) EetTime (min) Width {min) Heizht (Volts) Area Ares (%)
662602 24804031 52316 13.231 338 206339 35408178 08.602
419264 22600147 47.684 19.046 1.40 11297 502043 1393

H NMR (400 MHz, CDCl3) § 7.94 (d, J= 7.2 Hz, 1H), 7.63 — 7.29 (m, 12H), 7.20 (t, J =
8.1 Hz, 1H), 7.07 (d, J = 15.6 Hz, 1H), 6.94 (d, J= 7.5 Hz, 1H), 5.94 (s, 1H), 5.91 — 5.78
(m, 2H), 5.34 (dd, J = 40.1, 13.8 Hz, 2H), 4.75 (dd, J = 13.8, 3.9 Hz, 1H), 4.53 (dd, J =
16.3, 5.2 Hz, 1H), 4.33 (dd, J = 16.3, 5.7 Hz, 1H), 3.81 (dd, J = 8.0, 4.0 Hz, 1H), 3.33 (t,
J=14.3 Hz, 1H), 2.84 (ddd, J = 22.8, 15.5, 6.0 Hz, 2H), 1.87 (dd, J = 16.0, 4.0 Hz, 1H).

13C NMR (100 MHz, CDCl;) 6 201.4, 190.3, 171.6, 145.2, 143.5, 142.8, 134.4, 134.3,
130.8, 130.2, 130.1, 129.3, 128.8, 128.7, 128.0, 127.2, 125.6, 124.1, 123.8, 120.7, 118.8,

112.1, 111.7, 109.9, 57.9, 48.7, 48.4, 43.1, 42.8, 42.3, 27 5.

HRMS (ESI) m/z Calcd for [C3¢HpoN3;NaO;, M+ Na]*: 574.2101, Found: 574.2073.
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HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 10.659

min (major), fr = 20.183 min (minor).

Optical Rotation: [«] 30 =g1.1° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 93%, 51.3 mg.

150
100 hl i
I £z f
f | 5 160 I
' R - I
30 [ Ly bl
i ,af\ | E { | @ ka0
o P | [ | =
18 | 2 b
0 =~ S | ro 2 ~
- 0 - T o
12 ;‘Ii w0 18 ris) 2 4
V=Ll UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Fidth (min} Height (Volts) Area Area (%)
10.709 211 426908 13373738 50190 10.659 218 463575 14526620 99.833
20279 371 223810 13470940 48,810 20.183 0.87 2 24320 0.167

H NMR (400 MHz, CDCl3) § 7.92 (d, J = 7.6 Hz, 1H), 7.64 — 7.24 (m, 17H), 7.17 (t, J =
7.7 Hz, 1H), 7.03 (d,J = 15.7 Hz, 1H), 6.85 (d, /= 7.9 Hz, 1H), 5.86 (s, 1H), 5.62 (s, 1H),
5.11 — 4.92 (m, 2H), 4.80 (dd, J = 13.8, 3.9 Hz, 1H), 3.83 (dd, J = 8.1, 4.2 Hz, 1H), 3.34
(t,J= 143 Hz, 1H), 2.87 (ddd, J=32.7, 14.3, 6.0 Hz, 2H), 1.85 (dd, /= 13.9, 4.2 Hz, 1H).

13C NMR (100 MHz, CDCls) § 201.6, 190.4, 172.1, 145.2, 143.6, 142.9, 134.5, 134.4,
134.4,130.9, 130.3, 129.4, 128.9, 128.8, 128.8, 128.1, 128.0, 127.5, 127.3, 125.7, 124.2,
123.9,120.7, 112.1, 111.8, 110.1, 58.0, 48.9, 48.4, 44.5, 43.2, 42.5, 27.7.

HRMS (ESI) m/z Calcd for [C4oH31N3;NaOs, M+ NaJ*: 624.2258, Found: 624.2260.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, #x = 10.608

min (major), fgr = 16.097 min (minor).

Optical Rotation: [OL]ZDO =54.8° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 85%, 51.1 mg.

n 4 fi
f ] N
I w I
i & i
[ \
I N A
100 i / A 1 | | . F 1o
[ f [ = |
- / & g = :
[ = \——L 1 o = \\— to
g 1 12 16 18 0 a 10 12 14 16 18
UV-WL1 UV-WL1
FetTime (min) Width (min} Height (Volts) Area Ares (%) RetTime (min) Width {min) Height (Volts) Area Area (%)
10.557 210 879201 28005770 30.533 10.608 241 937042 30556314 08.498
15.045 2.76 368664 27415154 49.467 16.087 1.29 11642 466086 1502

H NMR (400 MHz, CDCl3) 8 7.98 (d, J = 7.6 Hz, 1H), 7.64 — 7.43 (m, 10H), 7.43 — 7.31
(m, 7H), 7.25 (t, J = 8.7 Hz, 1H), 7.08 (d, J= 15.7 Hz, 1H), 6.83 (d, J= 7.9 Hz, 1H), 5.96
(d,J=27.4 Hz, 2H), 4.74 (dd, J = 13.9, 3.8 Hz, 1H), 3.86 (dd, J = 8.1, 4.3 Hz, 1H), 3.35
(t,J=14.3 Hz, 1H), 2.97 (dd, J = 13.9, 8.0 Hz, 1H), 2.88 (dd, J = 14.8, 3.9 Hz, 1H), 2.11
(dd, J=13.9, 4.2 Hz, 1H).

13C NMR (100 MHz, CDCL;) 6 201.4, 190.4, 171.6, 145.4, 144.1, 143.7, 134.5, 134.4,
132.9, 130.9, 130.3, 129.8, 129.4, 129.1, 128.9, 128.8, 128.8, 128.1, 127.4, 126.6, 126.0,

124.3,123.9,120.8, 112.0, 111.8, 110.2, 58.3, 48.8, 48.7, 43.1, 42.4, 27.9.
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HRMS (ESI) m/z Calcd for [C39HpN3;NaO3, M+ Na]*™: 610.2101, Found: 610.2105.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, 7 = 10.878

min (major), g = 26.880 min (minor).

Optical Rotation: [«] %0 =57.4° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 80%, 47.0 mg.

f Lo [
I | [l
: I. ps (!
" I g Erco 100 i
o [ [ o0 I -
R f L 2
=4 / I 1= %
a= - Lo 0 = 0
15 30 i3 i = 30
UV-FLL —_—
RetTime (min) Width (min} Height (Volts) Area Ares (%) RetTime (min) Width (min} Height (Volts) Area Ares (%)
10.842 2.04 823025 28645697 50.048 10.878 289 734509 27198836 08.325
26.541 478 314280 28590544 40.052 26.880 220 6427 463239 1.675

H NMR (400 MHz, CDCls) § 7.65 (s, 1H), 7.62 — 7.45 (m, 5H), 7.47 — 7.33 (m, 6H),
7.20 (d, J=8.1 Hz, 1H), 7.00 (d, J = 15.7 Hz, 1H), 6.83 (d, J= 8.0 Hz, 1H), 5.92 — 5.80
(m, 2H), 5.74 (s, 1H), 5.40 (d, J = 17.1 Hz, 1H), 5.31 (d, J= 10.3 Hz, 1H), 4.74 (dd, J
=13.8, 3.9 Hz, 1H), 4.53 (dd, J = 16.1, 5.3 Hz, 1H), 4.32 (dd, J = 16.1, 5.8 Hz, 1H),
3.76 (dd, J = 7.7, 4.8 Hz, 1H), 3.33 (t, J = 14.3 Hz, 1H), 2.88 (ddd, J=21.5, 14.5, 5.8
Hz, 2H), 2.33 (s, 3H), 1.87 (dd, J = 14.2, 4.8 Hz, 1H).

13C NMR (100 MHz, CDCl;) 6 201.7, 190.4, 171.7, 145.6, 143.6, 140.6, 134.7, 134.6,
133.8, 131.3,130.4, 130.4, 129.5, 129.0, 128.9, 128.2, 126.6, 126.4, 124.4, 120.8, 119.0, 112.2, 111.8, 109.8, , 58.0, 48.8,
48.7,43.2,43.1,42.5, 28.0, 21.3.

HRMS (ESI) m/z Calcd for [C57H;N3;NaOs;, M+ Na]*: 588.2258, Found: 588.2254.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, # = 10.017

min (major), g = 19.393 min (minor).

Optical Rotation: [«] ZDO = 83.7° (¢ = 1.0, CH,Cl,); Physical properties: white solid; Yield: 92%, 52.0 mg.

19.293

UL UV-WLL

RetTime (min) Fidth (min) Height (Volts) Area Area (%) RetTime (min) Fidth (min} Height (Volts) Area Area (%)
10.063 201 435040 12448130 50.230 10017 287 1319633 37300934 00 523
19.524 313 221796 12334193 49770 19303 1.06 4768 179022 0477
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H NMR (400 MHz, CDCl;) & 7.82 (dd, J = 6.8, 2.1 Hz, 1H), 7.63 — 7.35 (m, 11H), 7.22
~7.12 (m, 2H), 7.09 (d, J= 15.7 Hz, 1H), 6.02 (s, 1H), 6.01 — 5.93 (m, 1H), 5.91 (s, 1H),
5.31(dd, J=13.9, 10.2 Hz, 2H), 4.78 — 4.59 (m, 3H), 3.69 (dd, J = 8.8, 3.4 Hz, 1H), 3.32
(t,J=14.3 Hz, 1H), 2.88 (dd, J= 14.8, 4.0 Hz, 1H), 2.70 (dd, J= 13.7, 8.8 Hz, 1H), 2.54
(s, 3H), 1.90 (dd, J= 13.7, 3.4 Hz, 1H).

13C NMR (100 MHz, CDCl;) 8 201.9, 190.8, 172.8, 145.7, 143.8, 141.2, 135.1, 134.7,
134.6, 132.6, 130.4, 129.5, 129.0, 129.0, 128.9, 128.3, 127.4, 125.0, 124.0, 123.7, 121.1, 120.6, 117.3, 112.3, 111.9, 57.5,
49.3,48.9,44.6,43.5,42.7,27.5, 18.6.

HRMS (ESI) m/z Calcd for [Cs;;H;3N3NaO;, M+ NaJ*: 588.2258, Found: 588.2255.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 60:40, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 9.907 min

(major), fr = 27.603 min (minor).

Optical Rotation: [a]3° = 75.4° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 88%, 49.8 mg.

2783

7.603

et | ‘ 5]
. AN Ny ,
0.0 125 150 5 w0 225 250 s Ro 3 10.0 125 50 115 o
UV-%L1 UV-WL1
FetTime (min) Fidth (min Height (Volts) Arsa Area (%) RetTime (min) Width (min} Height (Valts) Area Area (%)
0.992 206 479136 15036704 50323 0.907 1.82 734450 22291012 00.436
27.831 422 172033 14843955 40.677 27.603 1.34 2582 126414 0.564

H NMR (400 MHz, CDCl;) § 7.62 — 7.52 (m, 3H), 7.51 — 7.45 (m, 3H), 7.45 — 7.35
(m, 6H), 7.02 (d, J= 15.7 Hz, 1H), 6.93 (dd, J= 8.6, 2.5 Hz, 1H), 6.86 (d, /= 8.6 Hz,
1H), 5.90 (s, 1H), 5.89 — 5.81 (m, 1H), 5.79 (s, 1H), 5.40 (d, J = 17.2 Hz, 1H), 5.32
(d,J=10.3 Hz, 1H), 4.75 (dd, J = 13.8, 3.9 Hz, 1H), 4.52 (dd, J = 16.0, 5.3 Hz, 1H),
432 (dd,J=16.2, 5.7 Hz, 1H), 3.77 (s, 3H), 3.73 (dd, J = 7.8, 4.7 Hz, 1H), 3.32 (t, J
= 14.3 Hz, 1H), 2.88 (ddd, J = 21.9, 14.5, 5.9 Hz, 2H), 1.88 (dd, J = 14.1, 4.6 Hz,
1H).

13C NMR (100 MHz, CDCl3) 8 201.6, 190.5, 171.5, 156.6, 145.6, 143.8, 136.2, 134.7, 134.6, 130.5, 130.4, 129.5, 129.0,
128.9, 128.2,126.9, 125.4, 120.9, 119.0, 116.2, 112.3, 112.2, 111.8, 110.7, 58.3, 55.7, 48.8, 48.7, 43.3, 43.2, 42.6, 28.0.

HRMS (ESI) m/z Calcd for [C57H;1N;NaOg4, M+ Na]™: 604.2207, Found: 604.2205.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, # = 11.307

min (major), fg = 21.273 min (minor).

Optical Rotation: [«] ZDO =71.3° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 97%, 56.4 mg.
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UV-WL1 UV-WL1
RetTime (min) Width (min} Height (Volts} Area Area (%) FetTime (min) Width (min} Height (Volts) Area Ares (%)
11.358 2.30 303828 13673837 50,072 11.307 272 T60387 26762566 00003
21.351 3.60 211655 13634356 40028 21273 029 186 2005 0.007

H NMR (400 MHz, CDCls) § 7.85 (d, J = 8.5 Hz, 1H), 7.63 — 7.53 (m, 3H), 7.51 —
7.46 (m, 2H), 7.43 — 7.36 (m, 6H), 7.10 (d, J = 15.7 Hz, 1H), 6.71 (dd, J = 8.5, 2.3
Hz, 1H), 6.53 (d, J = 2.2 Hz, 1H), 6.02 (s, 1H), 5.90 (s, 1H), 5.89 — 5.81 (m, 1H),
5.41(d,J=17.2 Hz, 1H), 5.32 (d, J= 10.3 Hz, 1H), 4.71 (dd, J = 13.8, 3.9 Hz, 1H),
4.53 (ddd, J=16.3, 5.4, 2.5 Hz, 1H), 4.37 — 4.28 (m, 1H), 3.78 (s, 3H), 3.75 (dd, J =
8.5, 4.0 Hz, 1H), 3.32 (t, J = 14.3 Hz, 1H), 2.89 (dd, J = 14.7, 4.0 Hz, 1H), 2.76 (dd,
3i J=13.8,8.4 Hz, 1H), 1.94 (dd, J= 13.8, 3.9 Hz, 1H).

13C NMR (100 MHz, CDCl3) 8 201.8, 190.5, 172.2, 161.9, 145.5, 144.3, 143.6, 134.6, 134.5, 130.3, 130.2, 129.4, 128.9,
128.8, 128.8, 128.1, 127.4, 126.8, 120.9, 118.9, 115.9, 112.3, 111.9, 107.5, 98.0, 57.9, 55.4, 49.1, 49.0, 43.2, 43.0, 42.5,
27.6.

HRMS (ESI) m/z Calcd for [C3;H3 N3NaOy, M+ Na]*: 604.2207, Found: 604.2211.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, # = 12.134

min (major), g = 22.900 min (minor).

Optical Rotation: [«] ZDO =108.4° (¢ = 1.0, CH,Cl,); Physical properties: white solid; Yield: 75%, 43.6 mg.

[ |
’ [ A f =
la\ / Ik L
2 ;;__/, 0 £l o
1 1. 18 0 10 ZI: 11 '.I6 18 :IG
Uv-LL UL . . .
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Fidth (min) Height (Volts) Area Area (%)
11020 2753 179138 7004110 50734 12.134 230 697863 26377706 90161
22811 357 08540 6936017 49.756 22.900 L7 4258 223292 0.839

'H NMR (400 MHz, CDCLy) § 8.22 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.62 —
7.34 (m, 12H), 7.10 (d, J = 15.7 Hz, 1H), 6.05 (s, 1H), 5.99 (s, 1H), 5.94 — 5.81 (m, 1H),
5.33 (dd, J=30.9, 13.7 Hz, 2H), 4.71 — 4.59 (m, 3H), 3.76 (dd, J = 8.6, 3.5 Hz, 1H), 3.32
(t, J=14.3 Hz, 1H), 2.90 (dd, J = 14.9, 4.0 Hz, 1H), 2.70 (dd, J = 13.5, 8.6 Hz, 1H), 1.85
(dd, J=13.5, 3.5 Hz, 1H).

13C NMR (100 MHz, CDCl;) 8 201.2, 190.6, 173.3, 145.1, 144.1, 141.3, 134.6, 134.2,
130.6, 130.5, 129.7, 129.1, 128.9, 128.9, 128.5, 128.3, 126.9, 124.3, 123.4, 121.6, 120.6,
118.9,113.8, 113.5, 112.0, 111.3, 56.5, 48.7, 48.7, 45.6, 45.6, 43.3, 42.6, 28.0.
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HRMS (ESI) m/z Calcd for [C37Hp3F3N3NaO;, M+ Na]*: 642.1975, Found: 642.1980.

HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 85:15, flow rate = 1.0 mL/min, wave length = 254 nm, # = 11.807

min (major), g = 24.180 min (minor).

Optical Rotation: [«] %0 =73.6° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 82%, 50.8 mg.

o 4 | &
Il b | |
It b | I
100 ‘ | ' b oo Il
| I |
I 5[\\ | I =
[ | | I [l =
Jia | ! } =] b5
AN IJ \A_,_J =\l 0
10 12 it 1 18 20 2z 2 2 i 2 1 16 18
V=il UV-WL1
RetTime (min) Fidth (min} Height (Volts) Area Ares (%) RetTime (min) Width (min} Heizht (Volts) Area Area (%)
11.833 1.18 630310 14627137 50376 11.307 130 1808222 41372085 08.339
24130 2.00 326043 14408691 40.624 24.180 131 17944 698884 1.661

'H NMR (400 MHz, CDCls) § 7.87 (s, 1H), 7.66 — 7.52 (m, 3H), 7.51 — 7.33 (m, 9H),
7.07 (d,J = 15.6 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 5.95 (s, IH), 5.90 — 5.81 (m, 1H),
5.79 (s, 1H), 5.37 (dd, J = 26.3, 13.7 Hz, 2H), 4.70 (dd, J = 13.9, 3.8 Hz, 1H), 4.53
(dd, J=16.4, 5.3 Hz, 1H), 4.34 (dd, J = 16.5, 5.5 Hz, 1H), 3.72 (dd, J = 7.6, 4.6 Hz,
1H), 3.33 (t, J = 14.4 Hz, 1H), 2.88 (ddd, J = 25.2, 14.5, 5.8 Hz, 2H), 1.85 (dd, J =
14.1, 4.4 Hz, 1H).

I3C NMR (100 MHz, CDCl5) § 201.1, 190.3, 171.4, 145.5, 144.2, 141.7, 134.7, 134.3,
131.1, 130.4, 130.0, 129.7, 129.7, 129.1, 128.8, 128.3, 127.0, 126.4, 125.9, 120.6, 119.4, 112.0, 111.6, 111.1, 58.1, 48.9,
48.4,43.3,42.5,27.7.

HRMS (ESI) m/z Calcd for [C3sHsCIN3NaOs, M+ Nal*: 608.1711, Found: 608.1708.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 8.648 min

(major), g = 13.740 min (minor).

Optical Rotation: [«] g0 =97.3° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 82%, 48.1 mg.

13.740

o g
. & 0 - ! .
3 w e = 13 “ 1 1 H E] 1 1 12 13 1 i3
UV-WL1 UV-WLL
RetTime (min) Width (min} Height (Volts) Area Area (%) RetTime (min) Width (min} Height (Volts) Area Ares (%)
8.642 159 859346 20800240 50231 8.648 1.73 2152807 52084473 90.108
13.682 2.15 538731 20618213 48769 13.740 087 16201 468634 0.892
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H NMR (400 MHz, CDCl;) & 7.98 (d, J = 1.8 Hz, 1H), 7.66 — 7.51 (m, 4H), 7.50 —
7.35 (m, 8H), 7.07 (d, J = 15.7 Hz, 1H), 6.84 (d, J= 8.4 Hz, 1H), 5.94 (s, 1H), 5.91 —
5.79 (m, 1H), 5.77 (s, 1H), 5.40 (d, J= 17.1 Hz, 1H), 5.33 (d, J = 10.3 Hz, 1H), 4.70
(dd, J=13.8, 3.9 Hz, 1H), 4.53 (dd, J = 16.2, 5.3 Hz, 1H), 4.33 (dd, J = 16.2, 5.9 Hz,
1H), 3.72 (dd, J = 7.5, 4.8 Hz, 1H), 3.33 (t, J = 14.3 Hz, 1H), 2.98 — 2.80 (m, 2H),
1.85 (dd, J=14.1, 4.7 Hz, 1H).

I3C NMR (100 MHz, CDCl;) 6 201.1, 190.2, 171.3, 145.6, 144.2, 142.1, 134.7, 134.3,
134.0, 130.4, 129.9, 129.6, 129.1, 128.8, 128.4, 126.8, 126.2, 120.6, 119.5,119.4, 119.4, 116.9, 111.9, 111.6, 111.5, 58.1,
48.9,48.9,48.4,43.2,42.5,27.7.

HRMS (ESI) m/z Calcd for [C3¢Hp3BrN;NaO;, M+ Na]*: 652.1206, Found: 652.1210.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length =254 nm, #g = 9.126 min

(major), tr = 14.366 min (minor).

Optical Rotation: [«] %0 =92.0° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 80%, 50.4 mg.

14.055

1
100 | ‘."/\\.‘ I| |
co [ [ | 2
[ /A ¢ L P
2 =] -
) AN / S s | o
10 12 13 B 9 10 11 12 13 14
UV-WL1 UV-L1
RetTime (min) Width (min} Height (Volts) Area Arez (%) RetTime (min) Width (min} Height (Volts) Area Area (%)
8.961 1.70 9135513 23367047 50386 0.126 2.09 1332874 34084768 90035
14.035 2.03 582802 23008792 40614 14.366 105 101235 341016 0.965

H NMR (400 MHz, CDCl3) § 7.84 (d, J = 8.2 Hz, 1H), 7.65 — 7.34 (m, 12H), 7.10
(dd, J = 8.7, 7.0 Hz, 2H), 6.06 (s, 1H), 5.97 (s, 1H), 5.91 — 5.77 (m, 1H), 5.45 — 5.28
(m, 2H), 4.67 (dd, J = 13.9, 3.9 Hz, 1H), 4.58 — 4.47 (m, 1H), 4.33 (dd, J= 16.2, 5.7
Hz, 1H), 3.72 (dd, J = 8.7, 3.5 Hz, 1H), 3.31 (t, J = 14.3 Hz, 1H), 2.89 (dd, J = 14.8,
4.0 Hz, 1H), 2.70 (dd, J = 13.6, 8.7 Hz, 1H), 1.87 (dd, J = 13.6, 3.5 Hz, 1H).

13C NMR (100 MHz, CDCl3) 6 201.4, 190.6, 171.7, 145.3, 144.3, 144.0, 134.6, 134.3,
130.5, 129.8, 129.6, 129.1, 128.9, 128.8, 128.3, 128.2, 127.3, 127.0, 125.1, 123.1,
120.7,119.5, 113.5, 112.1, 111.7, 58.1, 48.7, 48.4, 43.4, 43.2, 42.6, 27.7.

HRMS (ESI) m/z Calcd for [C56H,3BrN;NaOs;, M+ Na]*: 652.1206, Found: 652.1203.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, #zx = 7.923 min

(major), fg = 12.971 min (minor).

Optical Rotation: [«] ZDO =116.6° (¢ = 1.0, CH,Cl,); Physical properties: white solid; Yield: 85%, 53.6 mg.
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> 12.927
o

-
1

8 9 10 11 1z 13 14 15 3 g © 1z 14

UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime {(min) Width {min} Height (Volts) Area Ares (%)
7.941 147 347144 8018569 50.180 7923 172 1009261 23204433 09055
12.627 2.02 214371 7961073 48.820 12971 0.81 7884 221362 0.945

H NMR (400 MHz, CDCl3) & 7.91 (d, J = 7.7 Hz, 1H), 7.55 (d, J = 15.7 Hz, 1H),
7.46 —7.31 (m, SH), 7.23 — 7.13 (m, 5H), 7.01 (d, J = 15.6 Hz, 1H), 6.93 (d, J = 7.8
Hz, 1H), 5.92 (s, 1H), 5.78 (s, 1H), 4.70 (dd, J = 13.9, 3.8 Hz, 1H), 3.77 (dd, /= 8.2,
4.1 Hz, 1H), 3.35 — 3.22 (m, 4H), 2.82 (ddd, J = 27.5, 14.4, 6.1 Hz, 2H), 2.33 (d, J =
12.3 Hz, 6H), 1.85 (dd, J = 14.0, 4.1 Hz, 1H).

I3C NMR (100 MHz, CDCl;) 6 201.7, 190.4, 171.8, 145.4, 143.6, 143.6, 140.7, 139.2,
131.7, 131.4, 130.9, 129.5, 129.4, 128.5, 128.1, 126.8, 125.6, 124.2, 123.8, 119.8,
112.2,111.7, 108.9, 58.1, 48.7, 48.5, 42.7, 42.5, 27.7, 26.6, 21.3, 20.9.

HRMS (ESI) m/z Calcd for [C36H31N3;NaOs, M+ NaJ*: 576.2258, Found: 576.2261.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, # = 16.034

min (major), g = 30.626 min (minor).

Optical Rotation: [«] 80 =99.1° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 96%, 53.2 mg.

@ \ |
X = I 200
I e I !
100 il k100 i I I
| | f\\ # 1 [ Lo
[ I [ g o0
g / ¥ 3 3 f
/ ] |
o = — -0 = +o
! |
12.3 130 17.3 0.0 i ZEI. Q ZTI.S IC‘. Q 32‘.5 35‘. 0 12.3 150 17.5 20.0 2.5 5.0 7.3 0.0 s 5.0
UV-iL1 UV-WL1
RetTime (min) Width (minl Height (Volts) Area Ares (%) RetTime (min) Width (min} Height (Volts) Area Area (%)
16.042 in 685304 34403177 50.848 16.034 358 930666 47127069 00200
30.418 4.77 370428 33255512 406152 30.626 254 5378 380183 0.800

H NMR (400 MHz, CDCl;) § 7.97 — 7.85 (m, 2H), 7.58 — 7.48 (m, 2H), 7.45 (t, J = 7.8
Hz, 1H), 7.40 — 7.31 (m, 2H), 7.23 (t, J= 7.7 Hz, 1H), 7.16 (d, J = 15.8 Hz, 1H), 7.03 (t,
J=17.5Hz, 1H), 6.94 (dt, J = 14.6, 7.7 Hz, 4H), 5.93 (s, 1H), 5.79 (s, 1H), 5.56 (dd, J =
14.1, 3.8 Hz, 1H), 3.88 (s, 3H), 3.80 (s, 3H), 3.76 (dd, J = 8.3, 4.1 Hz, 1H), 3.36 — 3.23
(m, 4H), 2.78 (td, J = 14.6, 6.1 Hz, 2H), 1.86 (dd, J = 14.0, 3.7 Hz, 1H).

13C NMR (100 MHz, CDCls) 8 202.0, 191.1, 171.7, 158.5, 157.1, 145.6, 143.8, 139.1,
30 131.5, 130.9, 130.2, 128.8, 128.0, 126.8, 125.7, 124.4, 123.8, 123.6, 123.2, 121.7, 120.7,
120.6, 112.7,111.6, 111.1, 111.0, 108.8, 58.2, 55.4, 48.8, 47.9, 42.5, 34.2, 27.8, 26.6.

HRMS (ESI) m/z Calcd for [C36H3;N3;NaOs, M+ NaJ*: 608.2156, Found: 608.2160.
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HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 25.057

min (major), fr = 41.138 min (minor).

Optical Rotation: [a]3° =129.2° (¢ = 1.0, CH,CL); Physical properties: white solid; Yield: 94%, 55.1 mg.

1 150 _—1
9 Lis
I < [ Al |
I = | 100 P r
° [ s | |
a A i \ !
I / 50 \ :
[\ / fo N g i
| = g" 5 =
B A S 21 - | Lo
ZIG 5 3 35 40 d! 50 0 5 3 5‘:.
UV-WL1 ——
RetTime (min) Width (min! Height (Volts) Area Area (%) RetTime (min) Width (minl Height (Volts) Area Arez (%)
25815 6.40 270591 27286247 50.245 25.057 6.87 479578 46923220 08.526
41.569 7.73 187809 27020676 49735 41.138 3.66 6009 701966 1474

15.1, 4.7 Hz, 1H).

HRMS (ESI) m/z Calcd for [C56H;1N;NaOs, M+ Na]™: 608.2156, Found: 608.2155.

H NMR (400 MHz, CDCLy) § 7.91 (d, J = 7.7 Hz, 1H), 7.58 — 7.36 (m, 6H), 7.23
(t, J = 7.7 Hz, 1H), 6.99 — 6.86 (m, 6H), 5.92 (s, 1H), 5.78 (s, 1H), 4.69 (dd, J =
13.9, 3.9 Hz, 1H), 3.81 (s, 3H), 3.78 (s, 3H), 3.76 — 3.70 (m, 1H), 3.35 — 3.23 (m,
4H), 2.86 (dd, J= 14.7, 4.0 Hz, 1H), 2.77 (dd, J = 13.9, 8.3 Hz, 1H), 1.85 (dd, J =

13C NMR (100 MHz, CDCls) § 201.7, 190.5, 171.9, 161.4, 160.2, 145.5, 143.7,
143.5, 131.0, 129.9, 127.3, 126.6, 126.4, 125.7, 124.3, 123.9, 118.6, 114.2, 112.3,

111.8, 109.0, 58.2, 55.2, 55.1, 48.9, 48.6, 42.8, 42.6, 27.8, 26.6.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 60:40, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 28.435

min (major), fg = 57.557 min (minor).

Optical Rotation: [«] 30 =119.4° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 85%, 51.1 mg.

I |
| | I
— | L
0] « i 50 50 ] @ 4 50
W-HLL Uv-iLL
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Ares Area (%)
20.008 7.66 269920 30263902 51.398 28435 7.58 478017 51571617 00180
57.977 10.16 143577 28618134 48.602 57.557 425 2006 426200 0.820

TH NMR (400 MHz, CDCls) § 7.92 (d, J = 7.6 Hz, 1H), 7.59 — 7.39 (m, 6H), 7.30 —
7.23 (m, 1H), 7.10 (dt, J = 12.5, 8.5 Hz, 4H), 7.02 — 6.94 (m, 2H), 5.91 (d, J = 42.3
Hz, 2H), 4.74 (dd, J= 13.9, 3.9 Hz, 1H), 3.73 (dd, J= 8.5, 3.8 Hz, 1H), 3.33 (s, 3H),
3.27 (t,J= 143 Hz, 1H), 2.88 (dd, J= 14.7, 3.9 Hz, 1H), 2.74 (dd, J= 13.8, 8.5 Hz,
1H), 1.85 (dd, J = 13.8, 3.8 Hz, 1H).

13C NMR (100 MHz, CDCl;) § 201.4, 190.4, 171.9, 163.9 (d, J = 260.0 Hz), 163.2
(d,J=250.0 Hz), 145.4, 143.8, 142.5, 131.2, 130.9 (d, /= 3.0 Hz), 130.7 (d, J=10.0



Hz), 130.4 (d, /J=3.0 Hz), 130.2 (d, /= 10.0 Hz), 127.4, 125.8, 124.2, 124.1, 120.6, 120.5, 116.2 (d, /= 5.0 Hz), 116.0 (d,
J=5.0Hz), 112.1, 111.6, 109.1, 58.2, 48.7, 42.7, 42.5, 27.7, 26.8.

HRMS (ESI) m/z Calcd for [C34H,5F,N3;NaOs, M+ Na]*: 584.1756, Found: 584.1750.

HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 15.199

min (minor), fr = 23.802 min (major).

Optical Rotation: [a]3° = 82.8° (c = 1.0, CH,Cl,); Physical properties: white solid; Yield: 91%, 51.1 mg.

A . -
1 ‘ill ‘.II % _ . i II"/—\\\ 5
0 w'l \ Lxo : . 2 w'l‘
| Y | 5 | o
: ;//\_ J ) J & .
UV-WL1 UV-WL1
RetTime (min) Width (minl Height (Volts) Area Area (%) FetTime (min) Fidth (min} Height (Volts) Area Area (%)
14653 441 324812 30479011 40040 15.199 202 0281 578620 1.694
24.047 6.06 270658 31672164 50.960 23.802 6.63 306446 33578575 08306
al 'H NMR (400 MHz, CDCly) § 7.91 (d, J= 7.6 Hz, 1H), 7.55 — 7.31 (m, 10H), 7.25
@ (d, J=17.7 Hz, 1H), 7.06 — 6.93 (m, 2H), 5.89 (d, J = 43.5 Hz, 2H), 4.73 (dd, J =

13.8, 3.9 Hz, 1H), 3.75 (dd, J = 8.5, 4.0 Hz, 1H), 3.37 — 3.21 (m, 4H), 2.87 (dd, J =
14.8, 3.9 Hz, 1H), 2.76 (dd, J = 14.0, 8.3 Hz, 1H), 1.84 (dd, J = 13.7, 4.3 Hz, 1H).

13C NMR (100 MHz, CDCl;) & 201.2, 190.1, 171.7, 145.3, 143.7, 142.2, 136.1,
135.4, 133.0, 132.9, 131.1, 130.1, 129.3, 129.2, 129.0, 127.5, 125.6, 124.0, 124.0,
121.1, 112.0, 111.5, 109.1, 58.1, 48.6, 48.4, 42.5, 42.3, 27.6, 26.7.

HRMS (ESI) mv/z Calcd for [C54H,5CLLN3NaOs, M+ Na]™: 616.1165, Found: 616.1160.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 60:40, flow rate = 1.0 mL/min, wave length = 254 nm, f = 12.325

min (major), fg = 27.987 min (minor).

Optical Rotation: [«] ZDO =99.7° (¢ = 1.0, CH,Cl,); Physical properties: white solid; Yield: 88%, 52.3 mg.

7 I"| "\I
il - I
» I b il
| !! ?“ 100 ‘i I!l
= [ A f2 [
=3 / f 14 5
B | I &
10 15 0 25 30 5‘5 10.0 2.5 15.0 17.3 20.9 2.5 50 s 0.0
UV-WL1 UV-HL1
FetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min! Height (Volts) Area Arez (%)
12.344 215 282176 10971385 50.166 12.325 306 782083 30346407 08321
28.234 454 119733 10898635 49.834 27.987 1.98 5279 362057 1179

TH NMR (400 MHz, CDCl3) § 7.90 (d, J = 7.6 Hz, 1H), 7.58 — 7.42 (m, 6H), 7.36
(dd, J=10.9, 8.3 Hz, 4H), 7.24 (t, J = 8.7 Hz, 1H), 7.06 — 6.93 (m, 2H), 5.89 (d, J
=43.6 Hz, 2H), 4.72 (dd, J= 13.8, 3.9 Hz, 1H), 3.75 (dd, J = 8.3, 4.0 Hz, 1H), 3.38
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~3.20 (m, 4H), 2.86 (dd, J = 14.8, 4.0 Hz, 1H), 2.76 (dd, J = 14.0, 8.3 Hz, 1H), 1.84 (dd, J = 16.0, 4.0 Hz, 1H).

13C NMR (100 MHz, CDCl;) 8 201.1, 190.1, 171.7, 145.2, 143.6, 142.2, 133.4, 132.1, 131.9, 131.1, 130.3, 129.5, 127.5,
125.6, 124.5,124.0, 123.7, 121.2, 111.9, 111.4, 109.0, 58.1, 48.5, 48.2, 42.5, 42.2, 27.6, 26.7.

HRMS (ESI) m/z Calcd for [C34HysBraNsNaO;, M+ Na]*: 704.0155, Found: 704.0154.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 60:40, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 16.346

min (major), fr = 36.857 min (minor).

Optical Rotation: [a]3° = 111.1° (¢ = 1.0, CH,CL); Physical properties: white solid; Yield: 88%, 60.1 mg.

.52
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116,34
26357

it b S £ L] 0 15 B E 30 55 w
— UYL
RetTime (min) Width (min} Height (Volts) Area Ares (%) RetTime (min) Fidth (min) Height (Volts) Area Ares (%)
16.524 346 860636 47316657 50.809 16.346 3.65 989130 52520551 00534
37.111 6.89 378542 45809069 40101 36.857 228 3042 245820 0.466

H NMR (400 MHz, CDCL;) & 7.89 (d, J = 7.5 Hz, 1H), 7.52 — 7.42 (m, 3H), 7.33 (d, J =
15.4 Hz, 1H), 7.29 — 7.21 (m, 1H), 6.99 — 6.91 (m, 2H), 6.65 (d, J = 3.4 Hz, 1H), 6.48 (dt,
J=13.5,23 Hz, 2H), 6.40 (dd, J = 3.3, 1.8 Hz, 1H), 5.93 (s, 1H), 5.77 (s, 1H), 4.86 (dd, J
= 13.6,4.2 Hz, 1H), 3.70 (dd, J = 8.2, 4.1 Hz, 1H), 3.31 (s, 3H), 3.24 (d, /= 14.2 Hz, 1H),
2.96 (dd, J=15.2, 4.3 Hz, 1H), 2.74 (dd, J = 13.9, 8.2 Hz, 1H), 1.81 (dd, J = 14.0, 4.2 Hz,
1H).

13C NMR (100 MHz, CDCl;) 6 200.8, 190.0, 171.8, 151.3, 148.4, 145.4, 144.7, 143.7,
143.7, 131.2, 129.8, 127.0, 125.7, 124.1, 124.1, 118.3, 115.9, 112.5, 111.9, 111.7, 110.7, 110.1, 109.1, 57.8, 48.7, 46.8,
41.3, 38.2,27.6, 26.7.

HRMS (ESI) m/z Calcd for [C50H,3N3NaOs, M+ Na]*™: 528.1530, Found: 528.1526.

HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) = 60:40, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 10.649

min (minor), tr = 12.744 min (major).

Optical Rotation: [«] ZDO =99.7° (¢ = 1.0, CH,Cl,); Physical properties: white solid; Yield: 75%, 37.9 mg.

100 A -
/ 3
50 It @ I \ I
s 1
g - 5
[ o Lo
10 1 12 13 " 15 15 5 3 10 11 12 13 1 1
UV ——
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.704 2.05 420068 14646842 50.003 10.648 108 28665 946921 2280
12614 268 332752 14643781 49905 12.744 291 914708 40584885 07.720
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H NMR (400 MHz, DMSO-d;) & 10.85 (s, 1H), 7.42 (d, J = 7.4 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H),

HRMS (ESI) m/z Calcd for [CysH,3NNaOs, M+ Na]*: 440.1468, Found: 440.1471.

7.26 —7.16 (m, 2H), 7.04 (t, J= 7.6 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.92 (t, /= 7.8 Hz, 2H), 6.16
(d,J=3.2 Hz, 1H), 5.20 (d, J= 2.8 Hz, 1H), 5.12 (d, /= 9.4 Hz, 1H), 4.46 (d, J= 9.4 Hz, 1H), 4.12
(t,J = 3.0 Hz, 1H), 1.04 (s, 9H).

13C NMR (100 MHz, DMSO-dy) 8 190.1, 175.9, 167.2, 158.9, 142.6, 137.3, 129.8, 129.1, 128.1,
125.8, 125.1, 124.4, 122.6, 121.4, 121.4, 109.7, 82.9, 81.6, 79.2, 51.1, 50.2, 49.3, 26.7.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #r = 8.421

min (minor), fr = 10.368 min (major).

Optical Rotation: [o] 30 =115° (c = 1.0, CHCI;); Physical properties: white solid; Yield: 70%, 29.2 mg.
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UV-%L1 UV-WL1
RetTime (min) Width {min} Height (Volts) Area Arez (%) RetTime (min) Width (min Height (Volts) Area Ares (%)
8427 0.92 023260 14588841 50.781 8421 0.43 4864 60308 0.136
10.389 0.95 733842 14140128 40219 10363 1.05 2248311 44282028 00 864

H NMR (400 MHz, CDCls) & 7.59 (d, J = 7.4 Hz, 1H), 7.43 — 7.32 (m, 2H), 7.21 (t, J = 7.8 Hz,

1.05 (s, 9H).

HRMS (ESI) nmv/z Calcd for [Cy6H,sNNaOs, M+ Na]*: 454.1625, Found: 454.1620.

1H), 7.15 (t, J = 7.5 Hz, 1H), 6.91 (q,J = 8.5, 7.7 Hz, 3H), 6.42 (d, J= 3.1 Hz, 1H), 5.30 (d, J=2.9
Hz, 1H), 491 (d, J = 9.4 Hz, 1H), 4.51 (d, J = 9.4 Hz, 1H), 4.37 (t, J = 3.1 Hz, 1H), 3.25 (s, 3H),

13C NMR (100 MHz, CDCl;) 8 190.6, 174.9, 167.7, 159.1, 144.0, 137.1, 129.8, 129.3, 127.7, 126.1,
125.8,124.3,123.7,122.7, 121.7, 109.7, 108.1, 83.3, 81.9, 51.9, 50.7, 49.8, 27.2, 26.3.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 11.863

min (minor), g = 22.800 min (major).

Optical Rotation: [a]3° =21.1° (c = 1.0, CHCl;); Physical properties:

white solid; Yield: 93%, 40.1 mg.
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UV-§L1 UV-WLL
RetTime (min) Width {min) Height (Volts) Area Area (%) RetTime (min) Width (min! Heizht (Volts) Area Area (%)
11.348 114 677416 13444072 50.204 11.863 0.69 4548 84648 0.265
22038 208 320376 13334747 40706 22.800 233 763378 31861095 00735
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H NMR (400 MHz, CDCLy) § 7.59 (d, J = 7.5 Hz, 1H), 7.36 (dd, J = 7.8, 3.5 Hz, 2H), 7.19 (dt, J= 15.7, 7.7 Hz, 2H), 7.10
(d,J=7.8 Hz, 1H), 6.91 (g, J = 7.9 Hz, 2H), 6.43 (d, J= 3.1 Hz, 1H), 5.32 (d, J= 2.8 Hz, 1H), 5.22
(d, J=10.9 Hz, 1H), 5.07 (d, J= 11.0 Hz, 1H), 4.96 (d, J= 9.2 Hz, 1H), 4.52 (d, J= 9.5 Hz, 1H),
4.38 (d, J = 3.0 Hz, 1H), 3.40 (s, 3H), 1.09 (s, 9H).

13C NMR (100 MHz, CDCl;) 8 190.7, 175.6, 167.9, 159.0, 142.4, 137.0, 129.8, 129.4, 127.1, 126.3,
125.7,124.2,123.0, 121.8, 109.7, 109.6, 83.4, 82.2, 71.6, 56.6, 51.8, 51.2,49.8, 27.9, 27.3.

HRMS (ESI) m/z Calcd for [Cy7H,7NNaOg, M+ Na]*: 484.1731, Found: 484.1727.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 85:15, flow rate = 1.0 mL/min, wave length =254 nm, #g = 10.637min

(minor), g = 12.288 min (major).

Optical Rotation: [«] %0 =15.1° (c = 1.0, CHCIl;); Physical properties: white solid; Yield: 74%, 34.2 mg.
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8.5 10.0 10.3 11.0 113 12.0 12.5 13.0 13.5 14.0 IE 1‘-2 1‘: 12 13 14
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.644 L.09 1115435 21480201 50.453 10,637 0.56 7318 131007 0.268
12,353 126 931550 21113126 49547 12.288 127 2128104 48737283 00.732

'H NMR (400 MHz, CDCL;) § 7.58 (d, J = 7.5 Hz, 1H), 7.35 (dt, /= 10.6, 5.2 Hz, 2H), 7.21 (t, J =
7.8 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 6.95 — 6.85 (m, 3H), 6.43 (d, J = 3.1 Hz, 1H), 5.86 (ddt, J =
16.0, 10.5, 5.3 Hz, 1H), 5.34 — 5.21 (m, 3H), 4.93 (d, J= 9.3 Hz, 1H), 4.58 — 4.49 (m, 2H), 4.36 (d,
J=32Hz, 1H), 4.19 (dd, J = 16.3, 5.5 Hz, 1H), 1.08 (s, 9H).

13C NMR (100 MHz, CDCl;) 4 190.6, 174.6, 167.9, 159.1, 143.2, 137.1, 131.1, 129.7, 129.2, 127.6,
126.2,125.8,124.3,124.0,122.5, 121.7, 117.9, 109.7, 109.1, 83.4, 82.0, 51.8, 50.7,49.7, 42.5, 27.3.

HRMS (ESI) m/z Calcd for [CysH,7,NNaOs, M+ Na]*: 480.1781, Found: 480.1784.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, f = 10.307

min (major), g = 11.998 min (minor).

Optical Rotation: [«] ZDO =14.2° (c = 1.0, CHCI;); Physical properties: white solid; Yield: 71%, 32.5 mg.
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UV-WLL UV-¥L1
RetTime (min) Width (min} Height (Volts) Area Arez (%) RetTime (min) Width (min} Height (Volts) Area Area (%)
10336 0.98 927504 18150241 40818 10307 1.09 1631136 31850370 98052
11088 127 707440 18282067 50182 11.998 027 1443 15434 0.048
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H NMR (600 MHz, CDCl3) & 7.94 (d, J = 8.2 Hz, 1H), 7.61 (d, J = 7.4 Hz, 1H), 7.42 (t, J= 7.3
Hz, 1H), 7.35 (d, J = 7.5 Hz, 1H), 7.26 — 7.20 (m, 2H), 6.95 — 6.87 (m, 2H), 6.43 (d, J = 3.2 Hz,
1H), 5.35 (d, J = 2.9 Hz, 1H), 5.00 (d, J = 9.2 Hz, 1H), 4.52 (d, J= 9.3 Hz, 1H), 4.37 (s, 1H), 1.63
(s, 9H), 1.06 (s, 9H).

13C NMR (150 MHz, CDCl;) 8 190.4, 173.3, 167.0, 158.9, 148.9, 140.1, 136.4, 129.9, 129.5, 126.7,
126.0, 125.8, 124.6, 124.2, 124.1, 121.9, 114.9, 109.8, 84.9, 83.0, 82.6, 51.7, 50.8, 50.7, 28.0, 27.0.

HRMS (ESI) m/z Calcd for [C30H3;NNaO;, M+ Na]*: 540.1993, Found: 540.1972.

HPLC analysis: Chiralcel ID-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length =254 nm, #z = 7.659 min

(minor), fr = 8.959 min (major).

Optical Rotation: [a]3> =47.1° (c = 1.1, CHCl;); Physical properties: white solid; Yield: 80%, 41.4 mg.
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UV-WLL UvLL
RetTime (min) Width (min) Height (Volts) Area Arez (%) RetTime (min) Width {min} Height (Volts) Area Area (%)
7.391 088 1018104 15774311 50.343 7.639 042 1214 14038 0.102
0.010 125 743067 15558515 106355 £.950 1.30 666215 13747403 09.898

H NMR (400 MHz, CDCls) § 7.66 (dd, J = 12.6, 7.4 Hz, 1H), 7.55 — 7.44 (m, 4H), 7.43 — 7.29 (m,
3H), 7.24 — 7.15 (m, 2H), 7.00 — 6.86 (m, 3H), 6.44 (dd, J = 12.3, 3.2 Hz, 1H), 5.34 (dd, J = 12.3,
2.9 Hz, 1H), 5.06 (dd, J = 12.6, 9.3 Hz, 1H), 4.57 — 4.42 (m, 2H), 1.09 (d, J = 12.4 Hz, 9H).

13C NMR (100 MHz, CDCl;) 6 190.4, 174.3, 168.1, 159.0, 143.9, 136.9, 133.8, 129.7, 129.4, 129.2,
128.0, 127.5, 126.5, 126.1, 125.8, 124.3, 124.2, 123.1, 121.8, 109.7, 109.7, 83.3, 82.2, 51.7, 50.8,

50.1,27.4.

HRMS (ESI) nv/z Calcd for [C5,H,7NNaOs, M+ Na]*: 516.1781, Found: 516.1774.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 6.182

min (major), fgr = 7.164 min (minor).

Optical Rotation: [«] ZDO =24.5° (¢ = 1.0, CHCI,); Physical properties: white solid; Yield: 81%, 40.0 mg.
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550 5.75 6.2 a3 550 675 .00 7.5 7.50 e 5.5 0 535 .0 i3 B
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Ares (%) RetTime (min) Width (min} Height (Volts) Area Area (%)
6.183 0.65 2226594 25893078 49008 6.182 0.73 708618 2006426 08355
6.890 0.72 2038484 25000465 50.092 7.164 055 3140 58488 0.645
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H NMR (400 MHz, CDCls) & 7.56 (d, J = 7.5 Hz, 1H), 7.40 — 7.26 (m, 7H), 7.19 (t, J = 7.8 Hz,
1H), 7.09 (t, J = 7.6 Hz, 1H), 6.95 — 6.85 (m, 2H), 6.78 (d, J= 7.8 Hz, 1H), 6.46 (d, J= 3.1 Hz, 1H),
5.35(d, J=2.8 Hz, 1H), 5.19 (d, J = 15.6 Hz, 1H), 4.96 (d, J = 9.4 Hz, 1H), 4.67 (d, J = 15.7 Hz,
1H), 4.56 (d, J= 9.4 Hz, 1H), 4.39 (d, J = 3.1 Hz, 1H), 1.10 (s, 9H).

13C NMR (100 MHz, CDCl;) 8 190.8, 175.0, 167.9, 159.1, 143.1, 137.1, 135.4, 129.7, 129.2, 128.7,

127.7, 127.6, 127.3, 126.2, 125.7, 124.3, 124.1, 122.5, 121.7, 109.7, 109.2, 83.4, 82.1, 51.8, 50.8,
49.7,43.9, 27.3.

HRMS (ESI) m/z Calcd for [C3,H,0NNaOs, M+ Na]*: 530.1938, Found: 530.1940.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 12.450
min (minor), fr = 18.247 min (major).

Optical Rotation: [a]3° =37.7° (c = 1.0, CHCl;); Physical properties: white solid; Yield: 65%, 33.0 mg.
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UV-WL1 UV-WL1
RetTime {min) Width (min} Height (Volts} Area Ares (¥} RetTime (min) Width {min} Heizht (Volts) Area Arvea (%)
12.568 1.45 520437 12511877 50.025 12,450 0.56 1220 22479 0216
18.330 1.70 324472 12469390 48975 18.247 2.00 271342 10367019 00784

H NMR (400 MHz, CDCl3) § 7.87 (dd, J = 8.0, 3.5 Hz, 3H), 7.69 (d, J = 7.6 Hz, 1H), 7.57 (t, J =
7.5 Hz, 1H), 7.45 (td, J = 8.0, 2.5 Hz, 3H), 7.37 — 7.28 (m, 2H), 7.22 (t, J = 8.0 Hz, 1H), 6.92 (dd, J

=8.0, 5.9 Hz, 2H), 6.39 (d, J= 3.1 Hz, 1H), 5.37 (d, J= 2.8 Hz, 1H), 5.07 (d, J= 9.3 Hz, 1H), 4.45
—4.40 (m, 2H), 1.15 (s, 9H).

Bz I3C NMR (100 MHz, CDCl;) 6 190.5, 174.6, 169.0, 168.1, 158.8, 140.6, 136.5, 133.6, 133.1, 129.9,
6h 129.7, 129.6, 128.2, 127.1, 126.2, 125.8, 124.8, 124.7, 124.1, 121.9, 114.9, 109.8, 82.9, 82.8, 51.6,
51.4,50.7,27.3.
HRMS (ESI) nv/z Calcd for [C5,H,7NNaOg, M+ Na]*: 544.1731, Found: 544.1725.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, # = 19.553
min (major), g = 20.802 min (minor).

Optical Rotation: [«] ZDO =6.2° (¢ = 1.0, CHCl;); Physical properties: white solid; Yield: 60%, 31.3 mg.
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UV-WLL UV-WL1
RetTime (min) Width {min} Height (Volts) Area Arvez (%) RetTime (min) Width (min} Beight (Volts) Area Area (%)
10472 156 884873 25144950 50019 19.533 1.5¢ D67652 30446383 00803
20775 1.78 694552 25125793 48981 20.802 0.64 1668 31964 0.105

H NMR (400 MHz, CDCLy) 8 7.81 (d, J = 8.4 Hz, 1H), 7.41 (s, 1H), 7.35 (d, J = 7.5 Hz, 1H),
7.25 - 7.18 (m, 2H), 6.92 (t, J = 7.8 Hz, 2H), 6.42 (d, J = 3.2 Hz, 1H), 5.34 (d, J = 2.9 Hz, 1H),
4.98 (d, J=9.3 Hz, 1H), 4.50 (d, J = 9.3 Hz, 1H), 4.35 (t, J = 3.0 Hz, 1H), 2.41 (s, 3H), 1.62 (s,
9H), 1.06 (s, 9H).

I3C NMR (100 MHz, CDCl;) 6 190.4, 173.4,167.0, 158.9, 148.9, 137.6, 136.5, 134.2, 129.9, 129.8,
126.6,126.3,125.7,124.1, 124.0, 121.8, 114.6, 109.7, 84.6, 83.1, 82.4, 51.6, 50.8, 50.6, 28.0, 26.9,

21.1.
HRMS (ESI) nv/z Calcd for [C5,H;33NNaO;, M+ Na]*: 554.2149, Found: 554.2153.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 6.286 min

(major), fg = 7.931 min (minor).

Optical Rotation: [«] 30 =30.8° (c = 1.0, CHCIy); Physical properties: white solid; Yield: 68%, 36.1 mg.
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UV-LL ) ) UV-WLL
RetTime (min) Width {min} Hei tz’: (Volts) F-_rea_ Area (%) RetTime (min) Width (mim) Heizht (Volts) Area Ares (%)
6.249 126 554686 14212454 49827 6.286 138 483616 12370882 00,042
8235 152 548275 14311125 50173 7911 058 326 7138 0.058

TH NMR (400 MHz, CDCls) § 7.44 (d, J= 7.3 Hz, 1H), 7.34 (d, J= 7.5 Hz, 1H), 7.18 (dq, J = 15.0,
7.5 Hz, 3H), 6.90 (q, J= 7.7 Hz, 2H), 6.43 (d, J= 3.2 Hz, 1H), 5.37 — 5.30 (m, 1H), 5.00 (d, J= 9.6
Hz, 1H), 4.51 (d, J= 9.4 Hz, 1H), 4.32 (d, J= 3.2 Hz, 1H), 2.28 (s, 3H), 1.61 (s, 9H), 1.09 (s, 9H).

13C NMR (100 MHz, CDCl;) 8 190.7, 173.7, 167.2, 158.9, 148.9, 138 .4, 136.6, 132.3, 129.8, 127.6,
125.6,124.3, 124.2, 124.1, 123.7, 122.9, 121.8, 109.7, 85.1, 83.2, 82.4, 51.7, 51.2, 50.3, 27.7, 27.1,
6j 19.5.

HRMS (ESI) m/z Calcd for [C3;H33NNaO;, M+ Na]*: 554.2149, Found: 554.2155.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 6.515 min

(minor), g = 8.680 min (major).
Optical Rotation: [a]3’ =44.0° (c = 1.0, CHCLy); Physical properties: white solid; Yield: 78%, 41.5 mg.
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Vw1 UV-TLL
RetTime (min) Width (min} Heizht (Volts) Area Ares (%) RetTime (min) Width {min} Height (Volts) Area Area (%)
6.551 124 246818 6102713 47.004 6515 036 51 13432 0.057
8719 136 253077 6710353 52,006 8680 133 860500 23625270 00.043

H NMR (400 MHz, CDCl;) § 7.34 (dt, /= 7.5, 1.3 Hz, 1H), 7.25 — 7.18 (m, 2H), 7.01 (d, J= 1.7
Hz, 1H), 6.94 — 6.87 (m, 2H), 6.42 (d, J = 3.2 Hz, 1H), 5.34 (d, J = 2.9 Hz, 1H), 4.98 (d, /= 9.3
Hz, 1H), 4.50 (d, J=9.3 Hz, 1H), 4.31 (t, J = 3.0 Hz, 1H), 2.37 (s, 3H), 2.24 (s, 3H), 1.60 (s, 9H),
1.09 (s, 9H).

I3C NMR (100 MHz, CDCl;) 6 190.8, 173.8, 167.2, 158.9, 148.9, 136.6, 136.0, 133.9, 132.8, 129.8,

6k 127.5,125.6,124.3,124.1, 124.1,122.7,121.7, 109.8, 85.0, 83.2, 82.3, 51.6, 51.2, 50.2, 27.7,27.1,
21.0, 19.5.

HRMS (ESI) m/z Calcd for [C3,H3sNNaO;, M+ Na]*: 568.2306, Found: 568.2314.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min, wave length = 254 nm, 7 = 11.742

min (minor), tr = 14.287 min (major).

Optical Rotation: [o]3’

=26.2° (¢ = 1.0, CHCIl,); Physical properties: white solid; Yield: 60%, 32.7 mg.
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UV-%L1 UV-WL1
RetTime (min) Width (min} Height (Valts) Area Area (%) RetTime (min) Width (min} Height (Volts) Area Arez (%)
11.618 2.59 163770 122435285 42201 11.742 1.35 464 24124 0.106
14.057 258 187249 12507381 50.709 14287 286 324313 22701927 00 8§04

H NMR (400 MHz, CDCL;) & 7.86 (dd, J = 8.9, 1.4 Hz, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.23 —
7.15 (m, 2H), 6.95 — 6.86 (m, 3H), 6.41 (t, J = 2.3 Hz, 1H), 5.35 (d, J = 2.7 Hz, 1H), 4.9 (dd,
J=93, 1.5 Hz, 1H), 4.50 (d, J = 9.3 Hz, 1H), 4.33 (d, J = 2.9 Hz, 1H), 3.84 (s, 3H), 1.62 (s,

9H), 1.09 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 190.3, 173.2, 166.9, 158.8, 156.7, 148.9, 136.4, 133.3, 129.8,
127.9, 125.7, 124.1, 121.8, 115.7, 114.0, 112.4, 109.7, 84.6, 83.0, 82.5, 55.7, 51.6, 50.9, 50.6,

28.0, 27.0.

HRMS (ESI) nv/z Calcd for [C5,H;33NNaOg, M+ Na]*: 570.2098, Found: 570.2094.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #tz = 12.337

min (minor), fr = 16.469 min (major).
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Optical Rotation: [0(]%0 =14.6° (c = 1.0, CHCI;); Physical properties: white solid; Yield: 75%, 41.1 mg.
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UV-IL1 UV-L1
RetTime {(min) Width (min} Height (Volts) Area Ares (%) RetTime (min) Width (min} Height (Volts) Area Avea (%)
12.343 164 798040 20587365 40,643 12337 1.08 2223 70347 0.268
16.447 1.94 708334 26960340 50337 16.469 162 723350 26244513 00.732

'H NMR (400 MHz, CDCL3) 8 7.58 (d, J = 2.4 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.34 (d, J =
7.5 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 6.95 — 6.86 (m, 2H), 6.78 (dd, J = 8.4, 2.4 Hz, 1H), 6.41
(d,J=3.2 Hz, 1H), 5.33 (d, J= 2.8 Hz, 1H), 4.97 (d, J= 9.3 Hz, 1H), 4.50 (d, J = 9.3 Hz, 1H),
432 (t,J=3.1 Hz, 1H), 3.86 (s, 3H), 1.62 (s, 9H), 1.10 (s, 9H).

13C NMR (100 MHz, CDCl;) $ 190.5, 173.7, 167.1, 160.8, 158.9, 148.9, 141.1, 136.6, 129.8,
126.6, 125.7, 124.1, 124.1, 121.8, 118.4, 109.8, 109.7, 101.9, 84.9, 83.3, 82.5, 55.6, 51.7, 50.8,

50.4,28.0,27.1.
HRMS (ESI) m/z Calcd for [C3;H33NNaOg, M+ Na]*: 570.2098, Found: 570.2096.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #x = 10.025

min (major), g = 12.447 min (minor).

Optical Rotation: [«] ZDO =39.0° (c = 1.0, CHCI;); Physical properties: white solid; Yield: 61%, 33.4 mg.
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UV-WL1 UV-WL1
RetTime (min) Fidth (min} Height (Volts) Area Area (%) RetTime (min) Width (min} Height (Volts) Area Ares (%)
10.140 167 210533 6508484 50482 10.025 149 624376 19677413 00 766
12.583 1.73 174249 6384189 48.518 12.447 110 1353 46152 0234

'H NMR (400 MHz, CDCl3) § 7.97 (td, J = 9.3, 4.5 Hz, 1H), 7.37 (td, J= 9.2, 8.5, 6.0 Hz, 2H),

Q P 7.28 —7.22 (m, 1H), 7.15 (tt, J= 9.8, 4.9 Hz, 1H), 6.97 — 6.88 (m, 2H), 6.48 — 6.40 (m, 1H), 5.42
. ~5.34 (m, 1H), 5.00 (t, J = 9.4 Hz, 1H), 4.52 (t, J= 9.2 Hz, 1H), 4.34 (dt, /= 9.9, 3.0 Hz, 1H),
F\@\ COxBu  1.63 (d,J=9.3 Hz, 9H), 1.12 (d, J = 9.3 Hz, 9H).
O
N
Boc 13C NMR (100 MHz, CDCl3) § 190.1, 172.7, 166.7, 159.6 (d, J = 243.0 Hz), 158.6, 148.8, 136.0,
6n 129.9, 128.4 (d, J = 9.0 Hz), 125.7, 124.4, 123.8, 122.0, 116.1, 116.1, 115.8, 113.6 (d, J = 25.0

Hz), 109.8, 85.0, 82.7, 82.7, 51.5, 50.8, 50.5, 27.9, 27.0.

HRMS (ESI) m/z Calcd for [C3gH30FNNaO;, M+ Na]*: 558.1899, Found: 558.1877.
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HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 6.591 min

(major), fr = 8.250 min (minor).

Optical Rotation: [a]3° =34.2° (c = 1.0, CHCl;); Physical properties: white solid; Yield: 69%, 37.0 mg.

100 N E * n r®
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[ w b / L F oA a4
5N SN L . , BN S .
o . . . 3. 10.0
RetTime (min) Width (min} Height (Volts) Area Area (%) FetTime (min) Fidth (min) Height (Volts) Area Area (%)
6.338 0.91 434672 5727255 50.676 6.501 0.82 184833 2714010 00240
8187 1.10 345622 5574366 40324 8250 0.57 1286 20776 0.760
'H NMR (400 MHz, CDCl3) & 7.92 (d, J = 8.8 Hz, 1H), 7.59 (d, J=2.2 Hz, 1H), 7.42 — 7.31 (m,
Q 0 2H), 7.22 (t, J=7.8 Hz, 1H), 6.94 (dd, J = 7.9, 5.3 Hz, 2H), 6.43 (d, J= 3.2 Hz, 1H), 5.36 (d, J

Cl W
s
N
Boc
60

CO,tBu

= 2.8 Hz, 1H), 4.98 (d, J = 9.3 Hz, 1H), 4.50 (d, J = 9.3 Hz, 1H), 4.36 — 4.27 (m, 1H), 1.62 (s,
9H), 1.11 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 190.2, 172.5, 166.8, 158.7, 148.8, 138.7, 136.1, 130.0, 130.0,
129.4, 128 4, 126.1, 125.7, 124.5, 123.9, 122.1, 116.1, 109.9, 85.2, 82.8, 82.7, 51.6, 50.8, 50.5,

28.0, 27.1.

HRMS (ESI) nmv/z Calcd for [C50H;30CINNaO;, M+ Na]*: 574.1603, Found: 574.1611.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min, wave length = 254 nm, # = 10.443

min (major), g = 12.645 min (minor).

Optical Rotation: [«] 80 =27.4° (c = 1.0, CHCIy); Physical properties: white solid; Yield: 45%, 24.8 mg.
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UV-WL1

RetTime (min) Fidth (min} Height (Volts) Area Ares (%)
10.719 197 451143 18847133 50913
12.808 233 333160 18171040 40087
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UV-WL1
RetTime (min) Width (min} Height (Volts) Area Area (%)
10.443 229 151715 6317442 00440
12.645 113 836 34073 0.5351
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'H NMR (400 MHz, CDCl;) 3 8.04 (d, J = 1.9 Hz, 1H), 7.54 (d, J= 8.1 Hz, 1H), 7.34 (d,J= 7.4
Hz, 1H), 7.26 — 7.19 (m, 2H), 6.96 — 6.85 (m, 2H), 6.44 (d, J = 3.2 Hz, 1H), 5.36 (d, J= 2.9 Hz,
1H), 4.97 (d, J = 9.3 Hz, 1H), 4.51 (d, J = 9.3 Hz, 1H), 4.33 (t, J = 3.0 Hz, 1H), 1.63 (s, 9H),
1.11 (s, 9H).

13C NMR (100 MHz, CDCls) § 190.2, 172.7, 166.8, 158.7, 148.7, 140.9, 136.0, 135.4, 129.9,
126.8, 125.7, 125.0, 124.6, 124.5, 123.9, 122.0, 115.6, 109.8, 85.4, 82.8, 82.8, 51.6, 50.6, 50.5,

28.0,27.1.
HRMS (ESI) m/z Calcd for [C3oH3(CINNaO;, M+ Na]*: 574.1603, Found: 574.1607.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #g = 6.193 min

(major), tg = 7.758 min (minor).

Optical Rotation: [o] 30 =38.4° (c = 1.0, CHCL,); Physical properties: yellow solid; Yield: 75%, 41.4 mg.

Lss 1 [ 10
P /\a\ i
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g 0 = -0
. . 50 ) . 2
V=L UY=L
RetTime (min) Width (min) Height (Volts) Area Arez (%) RetTime (min) Width (min} Height (Velts) Area Aresz (%)
6.163 1.14 205235 7580016 40 807 6.193 127 305844 10172200 09372
8.002 141 260981 7638806 50.193 7758 0356 3500 64319 0.628

'H NMR (400 MHz, CDCl;) & 7.86 (d, J = 8.7 Hz, 1H), 7.73 (d, J = 2.1 Hz, 1H), 7.55 (dd, J =
8.8,2.1 Hz, 1H), 7.35 (d, J= 7.6 Hz, 1H), 7.23 (t, J = 8.0 Hz, 1H), 6.94 (dt, /= 7.5, 3.4 Hz, 2H),
6.43 (d, J=3.1 Hz, 1H), 5.36 (d, J = 2.8 Hz, 1H), 4.97 (d, J= 9.3 Hz, 1H), 4.49 (d, J= 9.4 Hz,
1H), 4.33 (d, J= 3.0 Hz, 1H), 1.62 (s, 9H), 1.11 (s, 9H).

13C NMR (100 MHz, CDCl;) $ 190.2, 172.4, 166.8, 158.7, 148.7, 139.2, 136.1, 132.4, 130.0,
128.9, 128.8, 125.7, 124.5, 123.9, 122.1, 117.5, 116.5, 109.9, 85.3, 82.8, 82.7, 51.6, 50.8, 50.5,

28.0,27.1.

HRMS (ESI) m/z Calcd for [C30H30BrNNaO;, M+ Na]*: 618.1098, Found: 618.1095.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min, wave length = 254 nm, # = 11.090
min (major), fg = 13.703 min (minor).

Optical Rotation: [«] ZDO =11.4° (¢ = 1.0, CHCl;); Physical properties: white solid; Yield: 46%, 27.4 mg.
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UV=WL1 UV-TL1
RetTime (min) Width (min} Beight (Volts) Area Arez (%) RetTime (min) Width (min} Height (Volts) Area Area (%)
11.103 1.72 687683 27182966 40315 11.000 192 224696 8409003 08.033
13.673 252 506716 27938636 50.685 13.703 128 2075 90662 1.067

H NMR (400 MHz, CDCLy) & 8.20 (d, J = 1.7 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 7.40 (dd, J =
8.2, 1.7 Hz, 1H), 7.34 (d, J= 7.5 Hz, 1H), 7.22 (t, J= 7.7 Hz, 1H), 6.96 — 6.86 (m, 2H), 6.43 (d,
J=3.2Hz, 1H),5.35 (d,J = 2.9 Hz, 1H), 4.97 (d, /= 9.3 Hz, 1H), 4.50 (d, /= 9.3 Hz, 1H), 4.33
(t,J = 3.0 Hz, 1H), 1.62 (s, 9H), 1.11 (s, 9H).

13C NMR (100 MHz, CDCls) 6 190.2, 172.6, 166.8, 158.7, 148.7, 141.1, 136.1, 129.9, 127.5,
127.1, 125.7, 125.6, 124.4, 123.9, 123.3, 122.0, 118.3, 109.7, 85.4, 82.8, 82.7, 51.6, 50.6, 50.5,

28.0, 27.1.
HRMS (ESI) m/z Calcd for [C50H;0BrNNaO;, M+ Na]™: 618.1098, Found: 618.1093.

HPLC analysis: Chiralcel AD-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #zx = 6.021 min

(major), fg = 7.484 min (minor).

Optical Rotation: [«] ZDO =24.4° (¢ = 1.0, CHCI,); Physical properties: white solid; Yield: 51%, 30.4 mg.
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UV-WLL VL

RetTime (min) Width (min) Height (Volts) Area Area (%) FetTime (min) Width (min} Height (Volts) Area Area (%)
6.053 111 312061 6213100 49123 6.021 1.14 183781 3474003 08.167
§.200 1.36 250000 6435027 50.877 7484 0.56 1630 20103 0.833

TH NMR (400 MHz, CDCL3) § 7.59 — 7.52 (m, 2H), 7.35 — 7.31 (m, 1H), 7.22 (t, J = 7.8 Hz, 1H),
7.13 (td, J= 7.9, 1.4 Hz, 1H), 6.95 — 6.86 (m, 2H), 6.45 (dd, J = 3.3, 1.4 Hz, 1H), 5.36 (d, J= 2.7
Hz, 1H), 5.02 (dd, J=9.4, 1.5 Hz, 1H), 4.52 (d, J= 9.4 Hz, 1H), 4.35 — 4.27 (m, 1H), 1.63 (s, 9H),
1.13 (s, 9H).

13C NMR (100 MHz, CDCl3) § 190.4, 173.2, 166.8, 158.8, 147.5, 138.7, 136.1, 134.1, 130.1, 129.9,
125.7,125.4, 125.2, 124.7, 123.8, 122.0, 109.7, 105.9, 85.9, 83.0, 82.7, 51.7, 51.6, 50.2, 27.6, 27.1.

HRMS (ESI) m/z Calcd for [C50H;0BrNNaO;, M+ Na]*: 618.1098, Found: 618.1096.

HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, gz = 7.653 min

(major), fg = 9.963 min (minor).

Optical Rotation: [«] 30 =11.9° (c = 1.0, CHCIy); Physical properties: white solid; Yield: 46%, 27.4 mg.
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UV-TL1 UV-TL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min} Height (Volts) Area Ares (%)
7.701 120 328332 5771527 50.476 7.653 127 213000 4019905 08830
10.042 1.52 266319 5662609 40524 0.963 0.64 2507 47207 1.161

H NMR (400 MHz, CDCl3) 5 8.30 (dd, J = 5.3, 1.6 Hz, 1H), 7.85 — 7.78 (m, 1H), 7.35 (d, J= 7.5
Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 7.06 (dd, J= 7.3, 5.3 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.88 (d, J
= 8.1 Hz, 1H), 6.44 (d, J = 3.1 Hz, 1H), 5.32 (d, J = 2.9 Hz, 1H), 4.95 (d, J = 9.5 Hz, 1H), 4.53 (d,
J=9.4Hz, 1H), 434 (t, J = 3.0 Hz, 1H), 3.33 (s, 3H), 1.09 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 190.2, 174.6, 167.3, 158.9, 157.1, 148.0, 136.5, 133.5, 129.9, 125.8,
124.0, 122.6, 122.0, 118.3, 109.7, 82.7, 82.5, 51.8, 50.5, 49.7, 27.3, 25.5.

HRMS (ESI) m/z Calcd for [C;5H,4N,NaOs, M+ Na]™: 455.1577, Found: 455.1563.

HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 85:15, flow rate = 1.0 mL/min, wave length = 254 nm, # = 13.507
min (major), fg = 17.170 min (minor).

Optical Rotation: [«] 30 =g.6° (c = 1.0, CHCIy); Physical properties: white solid; Yield: 91%, 39.4 mg.

. JEN, N, N /3 - .
UV-WL1 UV-WL1
RetTime (min) Width (min} Heizht (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Arez (%)
13.503 138 676478 16742500 50067 13.507 130 362620 15081623 00.400
17.000 176 574124 19689526 40033 17.170 1.00 2586 81083 0.510
IX. Analytical data of organocatalysts (A-H)
TH NMR (400 MHz, DMSO-dy) § 7.94 (t,J = 8.0 Hz, 2H), 7.86 (d, J = 8.6 Hz, 1H), 7.55 (t,J = 7.5 Hz,
O 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.42 — 7.31 (m, 7H), 7.23 — 7.16 (m, 4H), 7.15 — 7.07 (m, 3H), 7.01 (¢, J

%N P = 7.4 Hz, 1H), 5.85 (s, 1H), 1.52 (s, 9H).

OO PPh2 13C NMR (100 MHz, CDCl5) § 142.8, 142.5, 139.0, 138.8, 137.5, 137.4, 136.9, 136.8, 136.5, 135.9,
135.8, 135.0, 134.9, 134.0, 133.8, 133.4, 133.2, 132.8, 129.6, 129.0, 128.5, 128.4, 128.4, 128.3, 128.2,
A 128.2, 127.7, 127.0, 127.0, 126.6, 120.6, 118.9, 114.9, 109.1, 109.1, 59.0, 30.6.

3P NMR (243 MHz, CDCl;) 6 -12.85.

HRMS (ESI) m/z Calcd for [C3,H3 NP, M+ H]*: 484.2189, Found: 484.2167.
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Physical properties: white solid; Optical Rotation: [a]3? =-221.1° (c = 1.0, CHCl;).

O H NMR (400 MHz, CDCl3) 5 7.85 — 7.78 (m, 3H), 7.48 (td, J= 7.2, 3.6 Hz, 2H), 7.42 — 7.36 (m, 2H),
7.33 - 7.24 (m, 12H), 7.13 (td, J = 7.4, 1.9 Hz, 1H), 1.58 (d, J = 1.8 Hz, 3H), 1.52 (d, J = 2.2 Hz, 9H).

N
% 7 TOAc 3¢ NMR (100 MHz, CDCls) 6 168.5, 139.3, 139.0, 138.4, 138.3, 137.5, 137.4, 137.1, 137.0, 134.5,
OO PPh; 134.5, 134.1, 133.9, 133.8, 133.4, 133.2, 133.0, 130.2, 130.2, 130.1, 128.8, 128.5, 128.4, 128.3, 128.3,
128.1, 128.1, 127.6, 127.2, 127.0, 126.8, 121.6, 121.5, 119.2, 117.9, 115.0, 59.3, 30.6, 20.0.
B

3P NMR (243 MHz, CDCl3) 3 -14.27.
HRMS (ESI) m/z Calcd for [C36H33NO,P, M+ H]*™: 542.2243, Found: 542.2243.
Physical properties: yellow solid; Optical Rotation: [a]3’ =-152.2° (c = 1.0, CHCl,).

O ovoyTENMR (400 MHz, CDCLy) 8 778 (t, / = 92 Hz, 2H), 7.50 - 7.40 (m, 2H), 7.36 - 7.17 (m, 13H),
7.11 (t, J= 8.1 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.04 (s, 1H), 5.13 (d, J= 6.2 Hz, 1H), 5.03 (d, J =

N 6.1 Hz, 1H), 3.31 (s, 3H), 1.60 (s, 9H).

PPh,

-\

13C NMR (100 MHz, CDCls) § 150.1, 142.8, 142.4, 138.9, 138.8, 138.2, 137.5, 137.4, 135.9, 135.8,
135.8, 135.7, 135.0, 134.9, 133.9, 133.7, 133.4, 133.2, 132.8, 129.6, 128.5, 128.4, 128.3, 128.2,
128.2,128.1, 127.7, 127.1, 127.1, 126.6, 121.2, 120.8, 109.6, 106.0, 103.9, 94.6, 59.1, 55.8, 30.6.

o

31p NMR (243 MHz, CDCly) & -12.74.
HRMS (ESI) m/z Caled for [C3sHysNO,P, M+ H]*: 544.2400, Found: 544.2390.
Physical properties: white solid; Optical Rotation: [a]3? =-233.6° (c = 1.0, CHCI;).

O H NMR (400 MHz, CDCl3) § 7.78 (t, J = 8.8 Hz, 2H), 7.44 (dt, J = 8.1, 3.9 Hz, 1H), 7.39 (d, /= 8.6
OH
Hz, 1H), 7.36 — 7.20 (m, 13H), 7.06 (t, J = 8.1 Hz, 1H), 6.52 (d, J = 7.6 Hz, 1H), 5.83 (s, 1H), 4.96 (s,
N~ 1H), 1.59 (s, 9H).

Skt

135.8, 135.7, 135.0, 134.9, 134.1, 133.9, 133.4, 133.2, 132.8, 129.5, 128.5, 128.4, 128.4, 128.3, 128.3,

O PPh2 13¢ NMR (100 MHz, CDCl;) 6 148.5, 142.5, 142.1, 138.6, 138.5, 138.2, 137.6, 137.5, 136.1, 136.0,
D 127.7,126.9, 126.7, 126.6, 121.6, 118.5, 108.2, 104.4, 104.3, 103.6, 59.2, 30.5.

3P NMR (243 MHz, CDCls) & -12.60.
HRMS (ESI) m/z Calcd for [C3,H3,NOP, M+ H]*: 500.2138, Found: 500.2132.
Physical properties: white solid; Optical Rotation: [a]3” =-187.4° (c = 1.0, CHCl;).

'H NMR (400 MHz, CDCl3)  7.91 (dd, J = 9.1, 1.9 Hz, 1H), 7.83 (dd, J = 14.7, 8.1 Hz, 2H), 7.47
(dd, J=9.1, 1.9 Hz, 1H), 7.38 — 7.26 (m, 5H), 7.24 — 7.09 (m, 9H), 7.01 (d, J= 8.1 Hz, 1H), 6.87 (t,
N A pPph, J=7.6Hz 1H),4.91(dd,J=72,2.0 Hz, 1H),4.71 (dd, J= 7.1, 2.0 Hz, 1H), 3.21 (s, 3H), 1.57 (s,
OMOM  9H).

13C NMR (100 MHz, CDCl;)  154.1, 154.1, 144.2, 143.7, 138.5, 138.4, 138.1, 137.9, 137.8, 135 4,

135.4,132.8,132.6,132.2,132.0,131.0, 131.0, 130.7, 128.7,127.9, 127.8, 127.7,127.3, 127.1, 126.8,
125.4,123.9, 122.0, 120.6, 120.6, 120.5, 119.2, 115.2, 115.1, 106.9, 94.8, 59.5, 55.7, 30.4.

Je2:e

3P NMR (243 MHz, CDCl;) & -28.84.
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HRMS (ESI) m/z Calcd for [C3¢H3sNO,P, M+ H]": 544.2400, Found:544.2397.

Optical Rotation:

%’N " ~PPh,
Oy

F

[a]3® =-60.6° (c = 1.0, CHCL;); Physical properties: white solid

H NMR (400 MHz, CDCl3) § 7.87 (dd, J = 8.8, 3.0 Hz, 2H), 7.82 — 7.76 (m, 1H), 7.44 (dq, J = 7.4,
2.4,2.0 Hz, 2H), 7.30 — 7.20 (m, 7H), 7.18 — 7.08 (m, 7H), 6.93 (t, /= 7.5 Hz, 1H), 5.09 (s, 1H), 1.54
(s, 9H).

13C NMR (100 MHz, CDCl;) 8 152.1, 140.7, 140.2, 138.9, 138.9, 137.6, 137.5, 137.5, 137.4, 135.3,
132.8,132.6,132.3,132.1, 131.1, 130.7, 130.7, 128.3, 128.3, 128.1, 127.9, 127.9, 127.8, 127.4, 127.0,
124.7,123.5,122.4,121.6, 119.8, 116.9, 116.6, 116.5, 115.6, 110.3, 110.3, 60.0, 30.4.

3P NMR (243 MHz, CDCl;) & -28.98.

HRMS (ESI) nmv/z Calcd for [C54H;,NOP, M+ H]*: 500.2138, Found: 500.2136.

Physical properties: white solid; Optical Rotation: [a]3? =-55.6° (¢ = 1.0, CHCI5).

%’N PR,
998

R=4-methoxyphenyl
G

H NMR (400 MHz, CDCls) § 7.84 (d, J = 8.7 Hz, 2H), 7.80 — 7.74 (m, 1H), 7.35 (t, J= 7.7 Hz, 2H),
7.27 - 7.17 (m, 5H), 7.11 — 7.01 (m, 3H), 6.95 (t, J = 7.6 Hz, 1H), 6.81 (d, J= 8.1 Hz, 2H), 6.67 (d, J
=38.1 Hz, 2H), 5.14 (s, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 1.52 (s, 9H).

13C NMR (100 MHz, CDCLy) § 159.5, 159.1, 152.1, 140.1, 139.6, 138.9, 138.8, 135.3, 134.3, 134.1,
133.7,133.5, 131.0, 130.8, 130.7, 128.8, 128.8, 128.7, 128.3, 128.0, 126.9, 124.7, 123.4, 122.4, 121.5,
119.7,116.9, 116.7, 116.7, 115.5, 114.0, 114.0, 113.6, 113.6, 111.3, 59.9, 55.1, 55.0, 30.3.

3P NMR (243 MHz, CDCl;) 8 -30.87.

HRMS (ESI) m/z Calcd for [C3¢H3sNOsP, M+ H]*: 560.2349, Found: 560.2346.

Physical properties: white solid; Optical Rotation: [a]3? =-52.5° (¢ = 1.0, CHCI5).

%’N Z~PCy,
Ty

H

H NMR (400 MHz, CDCLy) § 7.92 (d, J = 8.0 Hz, 1H), 7.86 (t, J = 8.0 Hz, 2H), 7.77 (dd, J = 6.2, 3.3
Hz, 1H), 7.33 — 7.25 (m, 3H), 7.24 — 7.17 (m, 2H), 7.08 (dd, J = 6.4, 3.4 Hz, 1H), 5.18 (s, 1H), 2.36
(tdt, J=11.9, 5.8, 3.1 Hz, 1H), 2.19 — 2.08 (m, 1H), 1.83 (d, J = 13.1 Hz, 1H), 1.73 (d, J = 12.2 Hz,
1H), 1.64 — 1.40 (m, 15H), 1.36 — 1.22 (m, 2H), 1.21 — 1.06 (m, SH), 1.06 — 0.68 (m, SH).

13C NMR (100 MHz, CDCl;) 8 151.4, 138.6, 135.4, 130.9, 128.2, 128.0, 126.2, 125.6, 123.3, 122.1,
121.4, 119.5, 116.9, 115.6, 59.7, 34.8, 34.7, 33.8, 33.8, 32.6, 32.3, 32.1, 31.9, 30.7, 30.7, 30.6, 30.5,

30.3,27.5,27.4,273,27.3,27.2,27.1,27.1, 26.2, 26.1.

31p NMR (243 MHz, CDCl;) § -17.84.

HRMS (ESI) m/z Calcd for [C34H43sNOP, M+ H]*: 512.3077, Found: 512.3080.

Physical properties: yellow solid; Optical Rotation: [O(]|230 =-51.2° (¢ = 1.0, CHCL).
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X. Determination of absolute configuration of products 3m and 6e

Determination of absolute configuration of product 3m:

NaBHy, CeCl,

MeOH, 0 °C
Br

3m, 98% ee

3m’, 68% yield, 99% ee

CDCC 2023965

The absolute configuration of 3m was determined by X-ray crystallography analysis of its dihydroxyl derivative 3m'.

The preparation of 3m' was followed the literature procedure.? Into a 50 mL oven-dried three-necked bottle under nitrogen
protection were added 3m (200 mg, 0.32 mmol, 98% ee), CeCl; (158 mg , 0.64 mmol) and methanol (12 mL). The solution

was cooled to 0 °C and NaBH, (36 mg, 0.96 mmol) was added in batches to the solution. The mixture was stirred at room

temperature overnight and quenched with water. The solution was extracted with ethyl acetate for three times, the combined

organic layer was washed with saturated NaCl and dried over anhydrous Na,SO,. The organic layer was concentrated and

purified by column chromatography on silica gel (PE/EA,4:1) to give 3m' (138 mg, 68% yield, 99% ee).

Hz, 1H).

H NMR (400 MHz, CDCls) 8 7.56 (d, J = 8.1 Hz, 1H), 7.49 — 7.36 (m, SH), 7.32 —
7.22 (m, 6H), 7.05 (s, 1H), 6.46 (d, J = 15.8 Hz, 1H), 5.98 (dd, J= 15.9, 5.7 Hz, 1H),
5.72 (ddt, J = 16.1, 10.5, 5.4 Hz, 1H), 5.36 (s, 1H), 5.29 — 5.18 (m, 2H), 5.12 (d, J =
10.5 Hz, 1H), 5.06 (s, 1H), 4.68 (s, 1H), 4.44 — 4.29 (m, 4H), 3.36 (s, 1H), 2.57 (t, J
= 11.4 Hz, 2H), 2.40 (d, J = 14.7 Hz, 1H), 2.18 (t, /= 12.8 Hz, 1H), 1.49 (d, /= 13.4

13C NMR (100 MHz, CDCl;) 8 175.0, 145.1, 143.8, 136.2, 135.5, 130.4, 130.3, 129.2,

129.2, 129.0, 128.9, 128.6, 127.7, 127.4, 126.4, 125.7, 124.8, 124.7, 119.4, 115.2, 114.0, 112.2, 112.0, 75.7, 75.6, 64.8,

57.0,48.5,43.4,41.4,38.1, 34.8, 27.2.

HRMS (ESI) m/z Calcd for [C36H3,BrN;NaO;, M+ Na]*: 656.1519, Found: 656.1517.

HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 70:30, flow rate = 1.0 mL/min, wave length = 254 nm, fz = 5.612 min

(minor), fr = 7.568 min (major).

Optical Rotation: [a]3° = -43.4° (c = 1.0, CH,Cl,); Physical properties: white solid.

7.676 167 113751

UV-WLL UV-WL1
RetTime (min) Width (min) Height (Velts) Area Area (%) FetTime (min) Width (minl Height (Volts) Area Area (%)
5.633 072 208346 4232334 51.468 3.612 0.48 45325 620218 0.564
3900053 48.532 7.568 1.62 3233567 110896388 00,436




Determination of absolute configuration of product 6e:

The procedure were conducted according to the literature procedures.*

Reported work*:

tBUOQC (o)
/ A\

R = 3,5-dimethylphenyl

HPLC analysis: Chiralcel ID-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length =254 nm, #z = 7.360 min
(minor), fx = 9.790 min (major). Optical Rotation: [a]3° =34.7° (c = 1.1, CHCL).

- Retention Time 2 800 Retention Time g
0 =
800 -
Q Sy 4\) CO,1BU
. ot w40
g <00 «;}””'am
200 = 3
200
o0 |
| g
o] . == Sn o R G | Lt
o 2 s s o 2 ,. 10 2 s
Peak No. Ret Time Width Height Area Area [%] Peak No. Ret Time Width Height Arca Arca [%]
1 7.260 1253 6982890 89120201 49.9995 7 TRl T e T sl
2 10.043 1,780 34826 9122249 50.0005 2 9.790 1.817 11658040 356413893 99.3330
Our work:
tBUOQC 0
/ N F (5 mol %)

o " \ '
N toluene, 25 °C, 12 h W
\ (0]
Boc

HPLC analysis: Chiralcel ID-H (Hexane/i-PrOH) = 80:20, flow rate = 1.0 mL/min, wave length = 254 nm, #z = 7.659 min

(minor), 7z = 8.959 min (major). Optical Rotation: [a]3® =47.1° (¢ = 1.1, CHCLy)

|"r\'\

00 200
F A
100 I y ,F' \—‘_' 190 I @
/ ; g
&35 2.0 5 2.0 EX] 1.0 0.3 3 i TE s

> 5.010

|
II w
| & ~
I3 £
0 7.5 2.0 9.0 1 0.5
TV-TLL UV-WL1
RetTime (min) ¥idth (min) Height (Volts) Area Area (%) RetTime (min) Fidth (min} Height (Volts) Area Area (%)
7301 0388 1018104 15774511 50345 7.659 042 1214 14038 0.102
9.010 125 743067 15558515 10,655 8950 130 666215 13747403 00,898

Notify: The racemic sample used in the left spectrum was prepared according to the exact same procedure of reported

work?.
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XI. 'H and 3C NMR spectra of compounds (3a-3t, 6a-6t)
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31p NMR (243 MHz, CDCly)
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3'p NMR (243 MHz, CDCl;)
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31p NMR (243 MHz, CDCly)
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XIII.  X-ray crystallographic information (3m')

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx, g cm-3
V4

Mu (mm-1)
F000

F000’

h, k,lmax
Nref

Tmin, Tmax

Tmin’

C-C=10.0089 A

a=10.4884 (7)
alpha =90
295K

Calculated
3053.5(3)
P212121
P 2ac 2ab
C36 H32 Br N3 O3
C36 H32 Br N3 O3
634.55

1.380

4

1.387

1312.0

1311.33

14,21,25

8186 [4556]

0.622, 0.642

0.609

LY

CDCC 2023965

Wavelength = 0.71073
b=15.3832(11) c=18.9253 (10)
beta =90 gamma = 90
Reported
3053.5(3)
P212121
P 2ac 2ab
C36 H32 Br N3 O3
C36 H32 Br N3 O3
634.55
1.380
4
1.387

1312.0

14,20,25
6971

0.608, 1.000

Correction method = # Reported T Limits: Tmin = 0.608 Tmax = 1.000

AbsCorr = MULTI-SCAN

Data completeness = 1.53/0.85

Theta (max) = 29.079
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R (reflections) = 0.0526 (4145) wR2 (reflections) = 0.1155 (6971)
S=1.017 Npar =398
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