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1. General Remarks

Reactions were monitored with analytical thin-layer chromatography (TLC) on silica gel 60 F,s4 glass plates

purchased from Merck KGaA and were visualized under UV light (254 nm) and/or by staining with KMnO,.

*NMR spectra were recorded with JEOL JMN-LA 500 or 600 spectrometers operating at 500, 600 MHz ('H)
and 125, 150 MHz ("°C) respectively. Chemical shifts were recorded in parts per million (ppm), from relative to
internal references of the CDCl;, defined at 7.24 ppm (IH NMR) and 77.00 ppm (*C NMR). The structures of
the known compounds were confirmed by comparison with commercially available compounds or data shown

in literature.

*Inductively coupled plasma-atomic emission spectrometry (ICP-AES) analysis was performed on Shimadzu

ICPS-7510 equipment.

*STEM/EDS images were obtained using a JEOL JEM-2100F instrument operated at 200 kV. All STEM

specimens were prepared by placing a drop of the solution on carbon-coated copper grids and allowed to dry in

air (without staining).

*IR spectra were measured on a JASCO FT/IR-610 spectrometer.

*Direct Analysis in Real Time (DART) mass spectra were recorded on JEOL JMS-T100TD mass spectrometer.
*Optical rotations were measured with JASCO P-1010.

Melting point was recorded on a standard melting point apparatus and is uncorrected.

-HPLC analysis was conducted on Shimadu LC-20AB, SPD-M20A and DGU-20A;.

*Daicel Chiralpak AD, AD-H, AD-3, OD-H, AS-H, AS-3, OJ-H column were used for HPLC analysis.

* The absolute configuration of reported compounds was determined by comparison of results of HPLC analysis

to literature and that of other products was assumed by analogy.

* XPS analysis was performed on JPS-9010MC with a Mg Ka X-ray source and the C 1s line at 284.0 eV was

used as reference to correct the binding energies.

*GC analysis was performed on a Shimadzu GC-2010 apparatus. Condition I: Column = GL Science TCWAX,
0.25 mm ID, 0.25 um, 60.0 m; Gas pressure: 214.2 kPa; Total flow: 90.6 mL/min; Column flow: 1.86 mL/min;
Velocity: 30.8 cm/sec; Purge flow: 3.0 mL/min; Split ratio: 46.0; Injector: 250 °C; FID: 250 °C; Column



program: starting from 50 °C, 10 °C/min to 220 °C, 18 min hold. Condition II: Column = J & W SCIENTIFIC
DB-1, 0.25 mm ID, 0.25 um, 60.0 m; Gas pressure: 157.5 kPa; Total flow: 41.3 mL/min; Column flow: 0.93
mL/min; Velocity: 21.1 cm/sec; Purge flow: 3.0 mL/min; Split ratio: 40.1; Injector: 300 °C; FID: 300 °C;
Column program: starting from 100 °C, 10 °C/min to 300 °C, 30 min hold.

*H, adsorption was conducted by BELLCAT II (Microtrac BEL Corp.)
- 24~27 mg of sample was used for analysis, and H, adsorption was conducted at 50 °C after pretreatment.
-Analysis was conducted by pulse method, and the result is average of at least 4 pulses.

- Pretreatment conditions

Temp (°C) Gas Flow (mL/min) Time (min)
200 Ar 50 35
200 0, 50 15
200 Ar 50 20
200 H, 50 20
250 Ar 50 180
50 Ar 50 10

+ Preparative TLC (PTLC) was performed using Wakogel” B-5F from Wako Pure Chemical Industries.

*0.45 pm PTFE membrane filter (WhatmanTM cat. No. 6784-2504) was used for filtration of catalyst in the

preparation of leaching test samples.

»Reaction was conducted using carousel 12 Plus Reaction System™ by Radleys (www.radleys.com) using one-

neck tube equipped with septum after Ar substitution.

*NaBH,4 was purchased from Wako Pure Chemical Company and recrystallized from diglyme by heating
according to the literature' and stored in a glove box. It is important to manipulate all operations under Ar
atmosphere during recrystallization. Activity of catalyst and reproducibility are highly influenced by the purity

and condition of NaBHj, in the course of catalyst preparation.
*[Rh(OAc),], was purchased from Strem Chemicals, inc.
 AgSbF was purchased from Sigma-Aldrich Corporation.

-Ketjen black (Carbon black) EC 300J was purchased from Lion Corporation.

* Trimethoxysilylstyrene was purchased from Shin-Etsu Silicons.

*Substrate 3a, 3b, 3d-f, 3k, 3m were purchased from Tokyo Chemical Industry or Sigma-Aldrich Corporation.

3c2, 3g3 R 3n’ R 3i4, 3j4, k) Bl 3n7, 308, Sa-cg, 8d" were symthesized following the literatures. Arylimine 9 were



prepared by condensation of tosylimine and corresponding aldehydes.

* Arylboronic acids 4a-k were prepared from the corresponding Grignard reagent or purchased from Wako Pure

Chemical Company or Tokyo Chemical Industry.

* Arylboronic acids 4a-k were recrystallized using hexane/ethyl acetate and ratio between boronic acid and

boroxine was determined by 'H NMR analysis.
»Chiral diene ligand precursor (in Scheme S1) was prepared following the literature.''

*Toluene was purchased in dried grade from Wako Pure Chemical Company and used without further

purification.

*Deionized water from a MILLIPORE MilliQ machine (Gradient A10) was used as solvent without further

treatment.
- Celite (Celite® 545) was purchased from Kokusan Chemical Co., Ltd.
*For flow system,
- Pump : Shimadzu LC-10ATvp (x2)
- Column : 10® x 5 cm from Tokyo Rikakikai Co. Ltd.
- Column heater : from Tokyo Rikakikai Co. Ltd.
- Column heater controller : EYELA TTM204
- Back pressure controller (regulator) : Swagelok KCB1G0OD2D5P60000BK

- Back pressure monitor : Nagano keiki Co. Ltd. GC61-174



2. Monomer, Copolymer and Catalyst Preparation

2.1. Polymer-Incarcerated Carbon Black Pd (PICB-Pd) Catalyst

Ligand preparation (Scheme 51)8,12,13

(1.5 equiv)
0 o (COCI), (1.5 equiv) HzN (3 equiv)
;./< _ref. 9 L DMF (22 mol%) EtgN (5 equiv) k\OH
B o ° NaH (1 equiv)
OH 4 DCM, 0°C, 2h DCM, rt, 24 h DMFn equiy) J<\

(1R.4R,7R)-N-(1-Hydroxy-2-methylpropan-2-yl)-7-isopropyl-5-methylbicyclo[2.2.2]octa-2,5-diene-2-
carboxamide (S1)

o (1R,4R,7R)-7-Isopropyl-5-methylbicyclo[2.2.2]octa-2,5-diene-2-carboxylic acid
\ J<\OH (988 mg, 4.79 mmol, 1 equiv) was setted in a flask and atmosphere was changed to
Z H Ar. After addition of DCM, oxalyl chloride (0.62 mL, 7.20 mmol, 1.5 equiv and

DMF (83 uL, 1.06 mmol, 0.22 equiv) were added at 0 °C. After stirring for 3 h at 0
°C, triethyl amine (3.4 mL, 24.0 mmol, 5 equiv) and 2-amino-2-methyl-1-propanol (1.4 ml, 14.37 mmol, 3

equiv) in DCM (5 mL) were added at 0 °C, and the mixture was stirred for 24 h at room temperature. NH4Cl
(sat. aq., 15 ml) was added and an aqueous phase was extracted with DCM (3 x 30 ml). The combined organic
layers were washed with water and brine, dried over Na,SOy, then solvents were removed in vacuo. The residue
was purified by flash chromathgraphy to afford the desired product (804 mg, 60 %). [a]*’p = +27.3 (¢ = 1.25,
CHCly). IR (KBr): 3725, 3660, 3320, 3040, 2958, 2935, 2871, 1740, 1660, 1636, 1605, 1530, 1450, 1383, 1363,
1283, 1233, 1173, 1064, 1029, 886, 816, 740, 667 cm™'. DART-MS (m/z) calced. for C7H,sNO, (MH"):
278.21200, found: 278.21108. M.p : 97-98 °C. "H NMR (CDCls, 600 MHz): § (ppm) 6.72 (dd, J= 6.2, 1.4 Hz,
1H), 5.74 (d, J= 5.5 Hz, 1H), 5.64 (brs, 1H), 4.93 (t, J = 5.5 Hz, 1H), 3.91 (td, /= 4.0, 1.8 Hz, 1H), 3.53 (d, /=
4.8 Hz, 2H), 3.29-3.24 (m, 1H), 1.75 (s, 3H), 1.53-1.49 (m, 1H), 1.24 (d, J = 8.9 Hz, 6H), 1.16-1.11 (m, 1H),
1.04-1.00 (m, 1H), 0.93 (d, J = 6.2 Hz, 3H), 0.91-0.87 (m, 1H), 0.75 (d, J = 6.9 Hz, 3H). *C NMR (CDCls, 150
MHz): § (ppm) 167.1, 145.1, 143.8, 138.4, 124.1, 71.0, 56.1, 47.7, 43.6, 40.1, 33.8, 31.7, 24.9, 24.8, 21.8, 21.3,
19.0.

(1R, 4R,7R)-7-Isopropyl-5-methyl-N-(2-methyl-1-((4-vinylbenzyl)oxy)propan-2-yl)bicyclo[2.2.2]octa-2,5-diene-

2-carboxamide (S2, Diene monomer 1)

Sodium hydride (55% in mineral oil, 87.3 mg, 2.0 mmol, 1 equiv) was setted

in flask and atmosphere was changed to Ar. After addition of DMF (2 ml),
(1R,4R,7R)-N-(1-hydroxy-2-methylpropan-2-yl)-7-isopropyl-5-

0 JC methylbicyclo[2.2.2]octa-2,5-diene-2-carboxamide (S1) (557 mg, 2.0 mmol, 1

/ H © equiv) in DMF (1 ml) was added at 0 °C. After stirring for a few minutes, 1-
(chloromethyl)-4-vinylbenzene (0.43 ml, 3.0 mmol, 1.5 equiv) in DMF (2 ml)

was added at 0 °C, and this mixture was further stirred for 4 h at room temperature. NH,Cl (sat. aq., 30 ml) was



added for quenching, then an aqueous layer was extracted with hexane/ethyl acetate (2:1). The combined
organic layers were washed with water, dried over Na,SQO,, and solvents were removed in vacuo. The residue
was purified by flash chromathgraphy to afford the desired product (586.4 g, 75%). [0]*p = +22.8 (c = 0.75,
CHCI;). IR (KBr): 3668, 3430, 3348, 3086, 3039, 2959, 2868, 2726, 2608, 2423, 2399, 2296, 2136, 1907, 1815,
1738, 1644, 1611, 1451, 1402, 1365, 1230, 1204, 1097, 1021, 988, 907, 822, 770, 738, 665, 642 cm™'. DART-
MS (m/z) caled. for Co4H3sNO, (MH"): 394.27460, found: 394.27443. "H NMR (CDCls, 500 MHz): § (ppm)
7.37 (d, J= 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 6.75-6.65 (m, 2H), 5.86 (s, 1H), 5.77 (d, /= 5.5 Hz, 1H), 5.73
(d, J=17.9 Hz, 1H), 5.23 (d, J=11.0 Hz, 1H), 4.50 (s, 2H), 3.96 (td, /= 4.1, 2.1 Hz, 1H), 3.42 (q, J = 9.4 Hz,
2H), 3.29-3.26 (m, 1H), 1.79 (s, 3H), 1.54-1.52 (m, 1H), 1.36 (d, J = 3.4 Hz, 6H), 1.19-1.16 (m, 1H), 1.08-1.02
(m, 1H), 0.96 (d, J = 6.2 Hz, 3H), 0.93-0.89 (m, 1H), 0.78 (d, J = 6.2 Hz, 3H). *C NMR (CDCl;, 125 MHz): &
(ppm) 165.9, 145,9, 143.8, 137.8, 137.1, 137.0, 136.5, 127.8, 126.2, 124.2, 113.9, 76.7, 73.0, 53.6, 47.7, 43.5,
39.9,33.9,31.9, 24.03, 24.00, 21.8, 21.3, 19.0.

General procedure for preparation of ligand immobilized hybrid polymers (LIHBPs)

Styrene (822 mg, 7.89 mmol, 3 equiv), p-styryltrimethoxysilane (590 mg, 2.63 mmol, 1 equiv), diene
monomer 1 (1.04 g, 2.63 mmol, 1 equiv) and dimethyl-2,2’-azobis(2-methylpropionate) (v-601%) (18.2 mg,
0.079 mmol, 0.03 equiv) were combined in a flask with chloroform (10~16 ml) and the atmosphere was
changed to Ar with sonication. The mixture was stirred for 24 h at 80 °C (reflux). The resulting polymer
solution was slowly poured into methanol. The solvent was removed by decantation and the residue was
disolved again in chloroform. The polymer solution was slowly poured into methanol again. The same
procedure was repeated three times. The precipitated polymer was washed with methanol several times and
dried in vacuo to afford the corresponding ligand immobilized hybrid polymers (LIHBPs). The molar ratio of

the components was determined by 'H NMR analysis.

Preparation of LIHBCB-Rh(/Ag)

NaBH, (63.8 mg, 1.68 mmol) in 5 ml of diglyme was added to a solution of LIHBP (250 mg) in diglyme (7
ml) and Ketjenblack (250 mg) dropwise at 0 °C. Then, a solution of [Rh(OAc),], (22.1 mg, 0.05 mmol) or
mixture of [Rh(OAc),], (22.1 mg) and AgSbF¢ (34.4 mg for Rh/Ag (1:1), 68.8 mg for Rh/Ag (1:2)) in THF
(5~10 ml) was added at 0 °C, and it was stirred for overnight at room temperature. After addition of 1 N NaOH
(aq., 70 ml) and isopropyl alcohol (70 ml), the mixture was heated at 90 °C with stirring for 5 h. The resulting
catalyst was filtered, washed several times with isopropyl alcohol and dried in vacuo. Next, the catalyst was
heated (no stirring) at 100 °C for 5 h under neat conditions. NaBH, (63.8 mg) was added to catalyst and this
mixture was stirred in diglyme for 2 h at room temperature. The resulting catalyst was washed with water,
isopropyl alcohol and DCM several times, and dried in vacuo to afford the desired LIHBCB-Rh(/Ag) catalyst
(Target loading for Rh : 0.2 mmol/g, actual loading of Rh : 0.17~0.22 mmol/g).

* Carbon black was used for enhancing the stability of metal nanoparticles during the preparation step. Also,

high dispersion of metal nanoparticle can be achieved in the presence of carbon black due to its high specific



surface area. In our previous paper,'* the scanning electron microscopy (SEM) image of CB, polymer-CB
composite material are shown; CB has relatively uniform spheres (around 45 nm) and similar structure was
observed in polymer-CB composite material with slightly larger spheres (around 55 nm), and the increase
observed size of the microsphere is likely derived from the absorption of polymer on the surface of the CB.
Schematic image of CB and polymer-CB composite material are shown in below'’. Although in the absence of
CB, metal nanoparticles can be stabilized by polymer, thanks to multiple weak interactions with z-electrons of

benzene rings.

: Carbon black . : co-polymer P
(Ketjenblack
EC300J) ‘ '

(T (0 )

Figure S1. Schematic images of CB and polymer-CB composite material

Preparation of HBCB-Rh/Ag (1:2) (Scheme S2)

3 > [Rh(OAco)l2 1N NaOH/iPrOH )
Carbon NaBH, & AgSbFg (1:1) heating
Black 0°C 0°Ctort 90°C,5h
12 h
MeO -Si-OMe filter & wash  dry & heating  wash dry HBCB-Rh/Ag (1:2)
OMe 120 °C, 5 h ®
Hybrid polymer

NaBH, (68.4 mg, 1.80 mmol) in 5 ml of diglyme was added to a solution of hybrid polymer (250 mg)'® in
diglyme (7 ml) and Ketjenblack (250 mg) dropwise at 0 °C. Then, a solution of [Rh(OAc),], (22.1 mg) and
AgSbFg (68.8 mg) mixture in THF (5~10 ml) was added at 0 °C, and it was stirred for overnight at room
temperature. After addition of 1 N NaOH (aq., 70 ml) and isopropyl alcohol (70 ml), the mixture was heated at
90 °C with stirring for 5 h. The resulting catalyst was filtered, washed several times with isopropyl alcohol and
dried in vacuo. Next, the catalyst was heated (no stirring) at 100 °C for 5 h under neat conditions. The resulting
catalyst was washed with water, isopropyl alcohol and DCM several times, and dried in vacuo to afford the
desired HBCB-Rh/Ag (1:2) catalyst (Target loading for Rh : 0.2 mmol/g, actual loading of Rh : 0.17~0.22

mmol/g).
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Figure S2. Size distribution of HBCB-Rh/Ag (1:2) (6)
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Figure S3. STEM analysis of HBCB-Rh/Ag (1:2) (6)



3. Characterization of LIHBCB-Rh(/Ag) catalyst

- Size distribution of LIHBCB-Rh/Ag (1:2) (2f) catalyst (Figure S4)
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- STEM, Mapping, and Line analysis

N LIHBCB-Rh catalyst (2b) (Figure S5)
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N LIHBCB-Rh/Ag (1:1) catalyst (2d) (Figure S6)
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N LIHBCB-Rh/Ag (2:1) catalyst (2e) (Figure S7)
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N LIHBCB-Rh/Ag (1:2) catalyst (2f) (Figure S8)
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B After use (1) (LIHBCB-Rh (2b), Table 4 for 5aa, Figure S9)
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4. General Procedures

General procedure for addition of aryl boronic acids to a,f-unsaturated carbonyl compounds (Table 1, 2 and

3)

LIHBCB-Rh(/Ag) catalyst (2) (0.003-0.006 mmol, 1-2 mol% as Rh), arylboronic acid (0.45-0.6 mmol, 1.5-2
equiv), substrate (0.3 mmol) (if needed, K,CO; (0.3 mmol, 1 equiv)), toluene (0.7 ml), and water (1.4 ml) were
placed in a reaction tube, which was capped with a septum after Ar substitution. The reaction mixture was
stirred for 24 h at 100 °C (reflux) (using a Carousel system). After the reaction, the catalyst was seperated by
filtration and washed with EtOAc (20 mL) and water using a KIRIYAMA funnel. The organic layers were
washed with brine and dried over Na,SO,4 and the solvents were removed in vacuo. The residue was purified by

preparative TLC.

General procedure for leaching test

LIHBCB-Rh(/Ag) catalyst (2) (0.003-0.006 mmol, 1-2 mol% as Rh), arylboronic acid (0.45-0.6 mmol, 1.5-2
equiv), substrate (0.3 mmol) (if needed, K,CO; (0.3 mmol, 1 equiv)), toluene (0.7 ml), and water (1.4 ml) were
placed in a reaction tube, which was capped with a septum after Ar substitution. The reaction mixture was
stirred for 24 h at 100 °C (reflux) (using a Carousel system). After the reaction, the mixture was filtered with
THF (~10 ml) using an eluting tube with cotton. This filtrate was filtered again with a membrane filter. The
final filtrate was massed-up to 25 ml, then it was divided to two portions; 15 ml for isolation, and 10 ml for a
leaching test. In the case of the leaching test, 10 ml of filtrate was transferred to a test tube and the solvents were
evaporated in an aluminum block under heating (120~150 °C). After removing all the solvents, 0.2 ml of H,SO4
was added and the mixture was heated at 200 °C. To this mixture, HNO; was added dropwise until it turned
transparent. After all HNO; was evaporated, the solution was cooled to room temperature and was diluted and
massed-up to 10 ml with deionized water to afford a leaching test sample. The leaching of metals was determied

by ICP-AES analysis.

Recovery and reuse of the catalyst (Table 4)

LIHBCB-Rh(/Ag) catalyst (2) (for Saa : 0.006 mmol of 2b, 1 mol% as Rh / for 5ia : 0.018 mmol of 2f, 2 mol%
as Rh) , phenylboronic acid (93.6 mg, 0.9 mmol, 1.5 equiv for Saa / 189.9 mg, 1.8 mmol, 2 equiv for 5ia) and 2-
cyclohexenone (57.7 mg (58.2 pl), 0.6 mmol for 5aa) or N-benzylcrotonamide (157.7 mg, 0.9 mmol for 5ia),
toluene (0.7 ml), and water (1.4 ml) were placed in a reaction tube, which was capped with a septum after Ar
substitution. The reaction mixture was stirred for 24 h at 100 °C (reflux) (using a Carousel system). After the
reaction, the catalyst was separated by filtration and washed with EtOAc (20 mL) and water, then the organic
layer was washed with brine. The organic layers were dried over Na,SO,4 and the solvents were removed in
vacuo. The residue was purified by preparative TLC. The recovered catalyst was placed in a round-bottom flask

(50 ml) and was stirred in a toluene (7 ml)/water (7 ml) solution for 2 h at room temperature. The catalyst was

15



filtered by a KIRIYAMA funnel and washed with toluene and water. The combined catalyst was dried in vacuo

and was used for next run. A reaction scale was adjusted based on the amount of the recovered catalyst.

Control experiment (Table 5)

LIHBCB-Rh/Ag (1:2) catalyst (2f) (0.006 mmol, 2 mol% as Rh) and phenylboronic acid (4a) (64.7 mg, 0.6
mmol, 2 equiv) or N-benzylcrotonamide (3i) (52.6 mg, 0.3 mmol, 1 equiv) (none for entry 1, 3i for entry 2, 4a
for entries 3 and 4), toluene (0.7 ml), and water (1.4 ml) were placed in a reaction tube, which was capped with
a septum after Ar substitution, then the reaction mixture was stirred for 96 h at 100 °C (reflux) (using a Carousel
system). After heating for 96 h, phenylboronic acid (4a) (64.7 mg, 0.6 mmol, 2 equiv) and/or N-
benzylcrotonamide (3i) (52.6 mg, 0.3 mmol, 1 equiv) (both 3i and 4a for entries 1 and 4, 4a for entry 2, 3i for
entry 3) were added to reaction mixture, and it was stirred further 24 h at 100 °C. After the reaction, the catalyst
was separated by filtration and washed with EtOAc (20 mL) and water, then the organic layer was washed with
brine. The organic layers were dried over Na,SO,4 and the solvents were removed in vacuo. The residue was

purified by preparative TLC.

Hot filtration test (Figure 1)

LIHBCB-Rh/Ag (1:2) catalyst (2f) (0.0045 mmol, 1 mol% as Rh), phenylboronic acid (4a) (0.9 mmol, 2
equiv), substrate 3a or 3e (0.45 mmol), durene (internal standard, 30~35 mg), toluene (1 ml), and water (2 ml)
were placed in a reaction tube, which was capped with a septum after Ar substitution. After 5 h, catalyst was
removed by membrane filter with keeping 100 °C, then filtrate was further heated and stirred for 19 h at 100 °C.
During the reaction, aliquots were taken by gas-tight microsyringe (~30 pl) and it was diluted with EtOAc (~3
ml). After wash with small amount of water (~3 ml), GC samples were prepared after passing through Na,SO4

and silica short column.

Preparation of immobilized ligand on polymer/carbon black (S3) (used in Table 6 and Scheme 4) (Scheme
$3)

: " ° - 1N NaOH/iPrOH _
Carbon Stirring (1:1) heating  filter & wash
Black in diglyme 90°C, 5h
1h,rt
Diene . MeO -Si-OMe
OMe i
dry & heating wash dry y _
Copolymer 1 100 °C, 5 h Immobilized lignad on HBCB

(LIHBCB, S3)

The solution of LIHBP (250 mg) and Ketjenblack (250 mg) in diglyme (15 ml) was stirred for 1 h at room
temperature. After addition of 1 N NaOH (aq., 70 ml) and isopropyl alcohol (70 ml), the mixture was heated at
90 °C with stirring for 5 h. The resulting mixture was filtered, washed several times with isopropyl alcohol and

dried in vacuo. Next, the catalyst was heated (no stirring) at 100 °C for 5 h under neat conditions. It was washed

16



with water, isopropyl alcohol and DCM several times, and dried in vacuo to afford the desired immobilized

ligand on hybrid polymer/carbon black (HBCB) (S3).

Reaction with the mixture of Rh NPs and chiral ligand on different support (Scheme 4)

Rh/Cellulose catalyst (0.0015 mmol, 0.5 mol% as Rh), immobilized ligand on hybrid carbon black (S3) (0.9
mg, 0.000375 mmol, 0.125 mol%), 3-methoxyphenylboronic acid (4¢) (82.9 mg, 0.9 mmol, 2 equiv), ethyl-(E)-
4-methylcinnamate (3g) (57.1 mg (55.0 pl), 0.6 mmol, 2 equiv), toluene (0.7 ml), and water (1.4 ml) were
placed in a reaction tube, which was capped with a septum after Ar substitution. The reaction mixture was
stirred for 24 h at 100 °C (reflux) (using a Carousel system). After the reaction, the catalyst was seperated by
filtration and washed with EtOAc (20 mL) and water using a KIRIYAMA funnel. The organic layers were
washed with brine and dried over Na,SO4 and the solvents were removed in vacuo. Yield was determined by 'H

NMR analysis in the presence of internal standard (1,1,2,2-tetrachloroethane).

Procedure for addition of aryl boronic acids to nitroolefin and imine substrates (Table 8)

LIHBCB-Rh/Ag (1:1) catalyst (2d) (0.003-0.006 mmol, 1-2 mol% as Rh), arylboronic acid (0.6-0.9 mmol, 2-3

equiv), substrate (0.3 mmol), toluene (2 ml for imine, 1.75 ml for nitroolefin), and water (0.25 ml for imine,
0.35 ml for a nitroolefin) were placed in a reaction tube, which was capped with a septum after Ar substitution.
The mixture was stirred for 24-48 h at 100 °C (reflux) (using a Carousel system). After the reaction, the catalyst
was separated by filtration and washed with EtOAc (20 mL) and water using a KIRIYAMA funnel. The organic
phase was separated and was washed with brine. The organic layers were dried over Na,SO,4 and the solvents

were removed in vacuo. The residue was purified by preparative TLC.

Application to a flow system (Scheme 5)

LIHBCB-Rh/Ag (1:2) catalyst (2d) (240 mg) and celite (600 mg) were mixed well and a column (10® X 5 cm)
was packed with this mixture of the catalyst and celite. An aqueous solution of phenylboronic acid (0.1 M) and
a toluene solution of 2-cyclohexenone (0.15 M) were flowed into the column using separate pumps (aqueous
phase = 70 ul/min, toluene phase = 30 pl/min). These two different solvents were mixed in a T-shape mixer. To
prevent evaporation of the solvents in the column, a back pressure controller was used (~0.2 MPa). Each
fraction was collected for some hours, and the collected solutions were extracted with EtOAc. After washed
with water and brine, the organic layers were dried over Na,SO, and the solvents were removed in vacuo. A
yield was determined by "H NMR analysis using an internal standard (1,1,2,2-tetrachloroethane) based on the

collected amount of the solvent. The residue was purified by preparative TLC.
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5. XPS Analysis & Possible Reaction Mechanism

Preparation of Rh(OH)-diene complex (7) (Scheme S4)

[RhCI(C5H4)5]o Carbon
J< (05 equiv) 1N KOH (aq) black (CB) _ Rh(OH)-chiral diene
DCM, rt, 30 min  evaporation THF, 1,1 h evaporation complex on CB

@

Amide substituted chiral diene (S4, 0.2 mmol, 52.3 mg) and [RhCI(C,H4),], (0.1 mmol, 38.9 mg) were
combined in DCM (30 ml), and mixture was stirred at room temperature for 30 min. After evaporation of DCM,
IN KOH (aqueous solution, 4 ml) and 20 ml of THF were added and it was stirred at room temparature for 1 h.
Carbon black (100 mg) was added to this solution, and solvent was evaporated. After dry in vacuo, black solid

was kept in glove box.

Reaction with HBCB-Rh/Ag (1:2) together with externally added chiral diene ligand (Scheme S5)

o HBCB-Rh/Ag (1:2) (6) (1 mol% Rh) o)
Ligand (S4) (2.5 mol%)
+ Ph—B(OH),
Tol/H,O (1:2), 100 °C, Ar, 24 h
Ph
3a 4a 5aa
(2eq) 90% y, 98% ee

1.680% Rh leaching (DL : 0.089%)
0.171% Ag leaching (DL : 0.023%)

HBCB-Rh/Ag (1:2) catalyst (6) (0.003 mmol, 1 mol% as Rh), phenylboronic acid (65.6 mg, 0.6 mmol, 2
equiv), 2-cyclohexenone (28.9 mg (29.1 pl), 0.30 mmol, 1 equiv), chiral diene ligand (S4) in toluene (use stock
solution), toluene (0.7 ml), and water (1.4 ml) were placed in a reaction tube, which was capped with a septum
after Ar substitution. The reaction mixture was stirred for 24 h at 100 °C (reflux) (using a Carousel system).
After the reaction, the mixture was filtered with THF (~10 ml) using an eluting tube with cotton. This filtrate
was filtered again with a membrane filter. The final filtrate was massed-up to 25 ml, which was divided to two
portions; 15 ml for isolation, and 10 ml for a leaching test. In the case of the leaching test, 10 ml of filtrate was
transferred to a test tube and the solvents were evaporated in an aluminum block under heating (120~150 °C).
After removing all the solvents, 0.2 ml of H,SO4 was added and the mixture was heated at 200 °C. To this
mixture, HNO; was added dropwise until it turned transparent. After all HNO; was evaporated, the solution was
cooled to room temperature and was diluted and massed-up to 10 ml with deionized water to afford a leaching

test sample. For isolation, solvent was evaporated and the residue was purified by preparative TLC.
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XPS Analysis Data

Figure S12. XPS analysis (1) - Rh binding energy (BE) of catalyst 2f
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(a) fresh catalyst; (b) in situ sample (1 h); (c) in situ sample (5 h); (d) after use; (e) after 4th use

Figure S13. XPS analysis (2) - Ag binding energy (BE) of catalyst 2f
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(a) fresh catalyst; (b) in situ sample (1 h); (c) in situ sample (5 h); (d) after use; (e) after 4th use
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Figure S14. XPS Analysis (3) - Rh BE of HBCB-Rh/Ag (1:2) catalyst (6) with external added ligand (S4)
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(a) fresh catalyst; (b) after use

Figure S15. XPS Analysis (4) - Ag BE of HBCB-Rh/Ag (1:2) catalyst (6) with external added ligand (S4)
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Figure S16. XPS Analysis (5) -Rh BE of Rh(OH)-diene complex (7)
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Table S1. Binding energy of Rh and Ag

LIHBCB-Rh/Ag (1:2) (2f)

State (a) Fresh (b)1h (©)5h (d) After  (¢) After 4th  N(OH)-diene (7)
Rh (3p 3/2, eV) 496.967 497.389 497219 496.931 496.944 497.344
373.468 373.729 373.374 373312 373.578 -

Ag (3d 5/2, eV)
367.508 367.731 367.354 367.391 367.588 -

HBCB-Rh/Ag (1:2) (6) + chiral ligand (2.5 mol%)

State (a) Before (b) After
Rh (3p 3/2,¢eV) 497.232 498.171
373.479 373.927

Ag (3d5/2,eV)
367.499 367.916
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6. Reaction Profiles

Difference in reaction rate of ketone, ester, amide and aldehyde substrates

LIHBCB-Rh/Ag (1:1 or 1:2) catalyst (2d or 2f) (0.003 mmol, 1 mol% as Rh), phenylboronic acid (4a) (64.5
mg, 0.6 mmol, 2 equiv), 4-methylcinnamyl group containing substrate (0.3 mmol, 1 equiv), dodecane (internal
standard, 59~61 mg), toluene (0.7 ml), and water (1.4 ml) were placed in a reaction tube, which was capped
with a septum after Ar substitution. During the reaction, aliquots were taken by gas-tight microsyringe (10~20
ul) in corresponding time and GC samples were prepared after passing through Na,SO, and silica short column
with EtOAc.

Firstly, reaction was conducted under same conditins; 1 mol% of catalyst, 2 equiv of pehnylboronic acid (4a),
Tol/H,0 (1:2), 100 °C for 24 h. Then, optimization of each reaction was conducted and all the results are shown
in Table S2.

Table S2. Reactivity difference of ketone, ester, amide and aldehyde substrates

(0] Ph O
“~ 2f (1 mol% Rh) /@/\)L
/©/\)LR + Ph—B(OH), R
Tol/H,0 (1:2), 100 °C, Ar, 24 h
3orS5 4a 5
(2 equiv)
w /@/\)J\ /@/\)J\ /@/\/CHO /@/\)}\
c (ketone) g (ester) j (amide) 3l (aldehyde) 5 (carboxylic acid)
Substrate 3¢ (ketone) 3g (ester) 3j (amide)
Conditions in Scheme 93% vy, 91% ee 74% y, 97% ee 69% y, 98% ee
. . Quant. y, 97% ee 90% vy, 98% ee
Optimal conditions - )
(1 equiv K,CO3) (2 mol% Cat.)
Substrate 31 (aldehyde) S5 (carboxylic acid)
Conditions in Scheme 55%y, 93% ee No desired product

71% 'y, 93% ee

Optimal diti
ptimal conditions (Cat. 2d (Rh/Ag (1:1))

* Yield was determined by isolation. Ee was determined by HPLC analysis.
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Figure S17. Difference in reaction rate of ketone, ester, amide and aldehyde substrates

100 (%, product yield)

80

60 =o=Ketone (3c)

«=Ester (3g)
Amide (3j)
=+ Aldehyde (31)

40

20

0 5 10 15 20 25 (h, time)

In all cases, induction period was found in initial 2 h regardless of the kinds of substrate. After the
induction period, the initial rate of ketone substrate 3¢ was faster than that of ester 3g, and in both cases,
reactions gradually proceeded in entire 24 h. In the case of ketone 3¢ and amide 3i, initial rate was similar
but the rate of amide 3i decreased more after 9 h. From these results, we concluded that reactivity cannot
be simply discussed based on LUMO level of substrates. Lewis basic amides (both substrates and products)
can easily coordinate to the catalyst, and release from the catalyst would be difficult. As a result, decrease
in the reaction rate of amide in late stage would be derived from product inhibition. Moreover, in previous
report'’, we showed that the rate determining step is different between ester and nitroolefin substrates
suggested by reactions in deuterated water. We think that the rate determining step of amide substrates can
also be protonation step, unlike ketone or ester substrates. In the case of aldehyde 3l, it showed similar
initial reaction rate with ester 3g but the reaction rate decreased after 12 h. We think that small amount of

side products derived from aldehyde substrate, such as 1,2-addition outcome, can inhibit the reaction.
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Reaction profile in rcovery/reuse of catalyst

LIHBCB-Rh/Ag (1:2) catalyst (2f) (0.006 mmol, 2 mol% as Rh), phenylboronic acid (4a) (64.5 mg, 0.6
mmol, 2 equiv), N-benzylcrotonamide (3i) (52.6 mg, 0.3 mmol, 1 equiv), dodecane (internal standard, 59~61
mg), toluene (0.7 ml), and water (1.4 ml) were placed in a reaction tube, which was capped with a septum after
Ar substitution. During the reaction, aliquots were taken by gas-tight microsyringe (10~20 pl) in corresponding
time and GC samples were prepared after passing through Na,SO, and silica short column with EtOAc.

In the profile of 2nd run and 3rd run, catalyst, which was recovered and treated proper washing method as

shown in above (Recovery and reuse of catalyst), was used instead of fresh catalyst.

Figure S18. Reaction profile in recovery/reuse of catalyst
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7. Reaction Products

(R)-3-Phenylcyclohexanone (5aa)
0 Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 ul), 0.30 mmol, 1
equiv) and phenylboronic acid (49.6 mg, 0.45 mmol, 1.5 equiv). The crude reaction mixture was
Ph purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5aa (51.1 mg, 98%) as a
colorless oil. GC Retention time (Condition I): 21.2 (internal standard (durene)), 21.5 (starting material (2-
cyclohexenone)), 36.1 (product). "H NMR (600 MHz, CDCL3): & (ppm) 7.34 (t, J = 7.6 Hz, 2H), 7.27-7.23 (m,
3H), 3.02 (tt, J = 12.0, 3.9 Hz, 1H), 2.62-2.59 (m, 1H), 2.56-2.52 (m, 1H), 2.49-2.46 (m, 1H), 2.42-2.37 (m,
1H), 2.18-2.15 (m, 1H), 2.11-2.09 (m, 1H), 1.90-1.76 (m, 2H); *C NMR (150 MHz, CDCL): § (ppm) 211.0,
144.3, 128.7, 126.7, 126.6, 48.9, 44.7, 41.2, 32.8, 25.5. The ee value of product was determined on Daicel
Chiralpak AD column with hexane/2-propanol = 98:2, flow = 0.5 ml/min by HPLC analysis. Retention times:
18.0 min [(S)-enantiomer], 21.3 min [(R)-enantiomer]. This is a known compound and the spectral data are
identical to those reported in literature." (No Rh leaching (UDL) with LIHBCB-Rh (2b), No Rh leaching
(UDL), 0.0533% Ag leaching (Rh DL: 0.1496%, Ag DL: 0.0227%) with LIHBCB-Rh/Ag (1:2) (2f)).

(R)-3-(4-Methoxyphenyl)cyclohexanone (5ab)

o Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 ul), 0.30
mmol, 1 equiv) and 4-methoxyphenylboronic acid (61.4 mg, 0.45 mmol, 1.5 equiv). The
crude reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to

MeO provide 5ab (57.7 mg, 94%) as a colorless oil. '"H NMR (600 MHz, CDCl3): & (ppm)
7.07 (d, J = 8.2 Hz, 2H)), 6.80 (d, J = 8.2 Hz, 2H), 3.73 (s, 3H), 2.90 (tt, J = 11.7, 4.1 Hz, 1H), 2.52-2.49 (m,
1H), 2.44-2.37 (m, 2H), 2.33-2.27 (m, 1H), 2.10-2.05 (m, 1H), 2.00-1.98 (m, 1H), 1.78-1.65 (m, 2H); *C NMR
(150 MHz, CDCl): & (ppm) 211.2, 158.2, 136.5, 127.4, 114.0, 55.2,49.2, 43.9, 41.1, 33.0, 25.5. The ee value
of product was determined on Daicel Chiralpak AD-H column with hexane/2-propanol = 98:2, flow = 0.5
ml/min by HPLC analysis. Retention times: 25.8 min [(S)-enantiomer], 27.4 min [(R)-enantiomer]. This is a

known compound and the spectral data are identical to those reported in literature.'?

(R)-3-(3-Methoxyphenyl)cyclohexanone (Sac)

0 Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 pl), 0.3 mmol, 1
equiv) and 3-methoxyphenylboronic acid (61.4 mg, 0.45 mmol, 1.5 equiv). The crude reaction
mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide Sac (58.7 mg,
96%) as a colorless oil. "H NMR (600 MHz, CDCl;): § (ppm) 7.25-7.23 (m, 1H), 6.81 (d, J =
7.6 Hz, 1H), 6.78-6.75 (m, 2H), 3.80 (s, 3H), 2.97 (tt, J = 12.0, 3.9 Hz, 1H), 2.60-2.56 (m, 1H),

2.53-2.48 (m, 1H), 2.47-2.43 (m, 1H), 2.40-2.34 (m, 1H), 2.17-2.12 (m, 1H), 2.09-2.05 (m, 1H), 1.87-1.74 (m,
2H); *C NMR (150 MHz, CDCl;): 3 (ppm) 210.9, 159.8, 146.0, 129.6, 118.9, 112.7, 111.6, 55.2, 48.9, 44.7,

OMe

41.1, 32.6, 25.5. The ee value of product was determined on Daicel Chiralpak AD-H column with hexane/2-
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propanol = 98:2, flow = 0.5 ml/min by HPLC analysis. Retention times: 27.9 min [(S)-enantiomer], 30.0 min

[(R)-enantiomer]. This is a known compound and the spectral data are identical to those reported in literature."’

(R)-3-(2-Methoxyphenyl)cyclohexanone (5ad)
0 Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 pl), 0.30 mmol,
1 equiv) and 2-methoxyphenylboronic acid (68.4 mg, 0.45 mmol, 1.5 equiv). The crude reaction
mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5ad (58.4
OMe mg, 95%) as a colorless oil. '"H NMR (600 MHz, CDCL): & (ppm) 7.21-7.16 (m, 2H), 6.93 (t, J
=17.6 Hz, 1H), 6.85 (d, J= 8.2, 1H), 3.80 (s, 3H), 3.40 (tt, /= 11.7, 3.7 Hz, 1H), 2.58-2.54 (m, 1H), 2.51-2.42
(m, 2H), 2.38-2.33 (m, 1H), 2.13-2.09 (m, 1H), 2.02-1.98 (m, 1H), 1.88-1.75 (m, 2H); *C NMR (150 MHz,
CDCl;): 6 (ppm) 211.7, 156.6, 132.4, 127.5, 126.5, 120.6, 110.5, 55.2,47.5, 41.3, 37.9, 30.9, 25.5. The ee value
of product was determined on Daicel Chiralpak AD-H column with hexane/2-propanol = 98:2, flow = 0.5
ml/min by HPLC analysis. Retention times: 20.2 min [(S)-enantiomer], 22.2 min [(R)-enantiomer]. This is a

known compound and the spectral data are identical to those reported in literature.”

(R)-3-([1,1’-biphenyl]-4]yl)cyclohexanone (5ae)

0 Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 ul), 0.3
mmol, 1 equiv) and 4-biphenylboronic acid (88.7 mg, 0.45 mmol, 1.5 equiv). The crude
reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 9:1 and 7:3) to
provide 5ae (66.8 mg, 89%) as a white solid (Mp. 165-166 °C). '"H NMR (600 MHz,

CDCl;): 6 (ppm) 7.51-7.48 (m, 4H), 7.35 (t, J = 7.9 Hz, 2H), 7.26 (t,J = 7.6 Hz, 1H), 7.21 (d, J = 7.6 Hz, 2H),

2.98 (tt, J = 12.0, 3.9 Hz, 1H), 2.57-2.54 (m, 1H), 2.50-2.46 (m, 1H), 2.41-2.38 (m, 1H), 2.34-2.29 (m, 1H),

2.10-2.08 (m, 1H), 2.04-2.03 (m, 1H), 1.84-1.70 (m, 2H); *C NMR (150 MHz, CDCl;): & (ppm) 210.9, 143.4,

140.7, 139.6, 128.7, 127.4, 127.2, 127.0, 48.9, 44.4, 41.2, 32.8, 25.5. The ee value of product was determined on

Ph

Daicel Chiralpak AD-3 column with hexane/2-propanol = 98:2, flow = 1.0 ml/min by HPLC analysis. Retention
times: 17.7 min [(R)-enantiomer], 25.3 min [(S)-enantiomer]. This is a known compound and the spectral data

are identical to those reported in literature.*

(R)-3-(4-trifluoromethylphenyl)cyclohexanone (5af)
Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 ul), 0.3

O
mmol, 1 equiv) and 4-trifluoromethylphenylboronic acid (108.8 mg, 0.6 mmol, 2 equiv).
‘ N The crude reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1)
FoC™ N7 to provide 5af (64.4 mg, 89%) as a colorless oil. "H NMR (600 MHz, CDCls): 3 (ppm)

7.56 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 3.05 (tt, /= 11.7, 3.8 Hz, 1H), 2.58-2.56 (m, 1H), 2.51-2.45
(m, 2H), 2.38-2.36 (m, 1H), 2.15-2.14 (m, 1H), 2.08-2.06 (m, 1H), 1.88-1.74 (m, 2H); *C NMR (150 MHz,
CDCl): § (ppm) 210.1, 148.2, 129.0 (q, J = 32.3 Hz), 127.0, 125.6 (q, J = 3.9 Hz), 124.1 (d, J = 271.7 Hz),
48.5, 44.4, 41.0, 32.5, 25.3. The ee value of product was determined on Daicel Chiralpak OD-H, AS-H

connected column with hexane/2-propanol = 90:10, flow = 0.5 ml/min by HPLC analysis. Retention times: 29.8
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min [(R)-enantiomer], 32.7 min [(S)-enantiomer]. This is a known compound and the spectral data are identical

to those reported in literature.'

(R)-3-(4-Fluorophenyl)cyclohexanone (5ag)
o Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 pl), 0.3 mmol,
1 equiv) and 4-fluorophenylboronic acid (72.6 mg, 0.6 mmol, 2 equiv). The crude reaction

| = mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5ag (52.8

i mg, 92%) as a colorless oil. '"H NMR (600 MHz, CDCl;): & (ppm) 7.16-7.15 (m, 2H), 7.00-
6.97 (m, 2H), 2.97 (tt, J = 12.0, 3.8 Hz, 1H), 2.56-2.54 (m, 1H), 2.46-2.44 (m, 2H), 2.38-2.32 (m, 1H), 2.13-
2.11 (m, 1H), 2.05-2.03 (m, 1H), 1.83-1.73 (m, 2H); *C NMR (150 MHz, CDCly): & (ppm) 210.6, 161.5 (d, J
=244.2 Hz), 140.0, 127.9 (d, J = 7.2 Hz), 115.4 (d, J = 21.7 Hz), 49.0, 44.0, 41.1, 32.9, 25.4. The ee value of
product was determined on Daicel Chiralpak AD-H column with hexane/2-propanol = 97:3, flow = 1.0 ml/min
by HPLC analysis. Retention times: 8.2 min [(S)-enantiomer], 10.1 min [(R)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature.”

(R)-3-(4-acetylphenyl)cyclohexanone (Sah)

0 Following the above general procedure with 2-cyclohexenone (28.9 mg (29.1 pl), 0.3
mmol, 1 equiv) and 4-acetylphenylboronic acid (97.1 mg, 0.6 mmol, 2 equiv). The crude
reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 7:3) to provide
5ah (58.8 mg, 91%) as a white solid (Mp. 67-68 °C). "H NMR (600 MHz, CDCly): &
(ppm) 7.90 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 3.05 (tt, J = 11.7, 4.0 Hz, 1H),

2.57-2.56 (m, 4H), 2.52-2.49 (m, 1H), 2.46-2.43 (m, 1H), 2.38-2.35 (m, 1H), 2.15-2.13 (m, 1H), 2.08-2.05 (m,

1H), 1.88-1.75 (m, 2H); *C NMR (150 MHz, CDCl;): & (ppm) 210.2, 197.6, 149.6, 135.8, 128.8, 126.8, 48.4,

44.6, 41.1, 32.4, 26.5, 25.4. The ee value of product was determined on Daicel Chiralpak AD-3 column with

hexane/2-propanol = 90:10, flow = 0.6 ml/min by HPLC analysis. Retention times: 26.2 min [(R)-enantiomer],

28.2 min [(S)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.?

(R)-4-(4-Methoxyphenyl)-4-phenylbutan-2-one (5bb)

OMe Following the above general procedure with benzalacetone (44.1 mg, 0.30 mmol, 1 equiv) and

4-methoxyphenylboronic acid (88.1 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
: O purified by preparative TLC (hexane / ethyl acetate, 15:1) to provide 5bb (66.9 mg, 88%) as a

yellowish white solid (Mp. 45-47 °C). "H NMR (600 MHz, CDCl3): § (ppm) 7.27-7.25 (m, 2H),
7.20-7.19 (m, 2H), 7.17-7.12 (m, 3H), 6.80 (d, J = 8.2 Hz, 2H), 4.53 (t, /= 7.6 Hz, 1H) 3.74 (s, 3H), 3.14 (d, J =
7.6 Hz, 2H), 2.06 (s, 3H); *C NMR (150 MHz, CDCly): & (ppm) 207.0, 158.0, 144.2, 135.9, 128.6, 128.5,
127.5, 126.3, 113.9, 55.2, 49.8, 45.2, 30.6. The ee value of product was determined on Daicel Chiralpak AD-3,

Ph

OD-H connected column with hexane/2-propanol = 98:2, flow = 1.0 ml/min by HPLC analysis. Retention times:
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40.2 min [(S)-enantiomer], 43.3 min [(R)-enantiomer]. This is a known compound and the spectral data are

identical to those reported in literature.**

(S)-4-(4-Methylphenyl)-4-phenylbutan-2-one (5ca)
Ph O Following the above general procedure with (E)-4-(4-methylphenyl)-3-buten-2-one (48.1

= mg, 0.3 mmol, 1 equiv) and phenylboronic acid (66.9 mg, 0.6 mmol, 2 equiv). The crude
=

reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 15:1) to provide
5ca (66.2 mg, 93%) as a colorless oil. GC Retention time (Condition II): 12.9 (internal standard (dodecane)),
17.1 (starting material), 24.8 (product). "H NMR (600 MHz, CDCly): 5 (ppm) 7.30-7.27 (m, 2H), 7.24-7.23 (m,
2H), 7.20-7.17 (m, 1H), 7.14-7.09 (m, 4H), 4.57 (t, /= 7.6 Hz, 1H), 3.18 (d, /= 7.6 Hz, 2H), 2.31 (s, 3H), 2.09
(s, 3H); ®C NMR (150 MHz, CDCls): & (ppm) 207.0, 144.0, 140.8, 135.9, 129.2, 128.5, 127.6, 127.5, 126.3,
49.7, 45.7, 30.6, 20.9. The ee value of product was determined on Daicel Chiralpak OD-H column with
hexane/2-propanol = 90:10, flow = 0.5 ml/min by HPLC analysis. Retention times: 12.8 min [(S)-enantiomer],
14.5 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.”

(R)-3-Phenylcyclopentanone (5da)

o Following the above general procedure with 2-cyclopentenone (24.7 mg (25.3 pl), 0.3 mmol, 1
é equiv) and phenylboronic acid (65.6 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
oh purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide Sda (45.3 mg, 94%) as a
colorless oil. "H NMR (600 MHz, CDCls): & (ppm) 7.35 (t, J = 7.6 Hz, 2H), 7.28-7.26 (m, 3H), 3.46-3.40 (m,
1H), 2.67 (dd, J = 17.9, 7.6 Hz, 1H), 2.49-2.43 (m, 2H), 2.35-2.30 (m, 2H), 2.01-1.98 (m, 1H); *C NMR (150
MHz, CDCl3): 6 (ppm) 218.4, 143.0, 128.7, 126.7, 45.8, 42.2, 38.9, 31.2. The ee value of product was
determined on Daicel Chiralpak AS-H column with hexane/2-propanol = 99:1, flow = 0.5 ml/min by HPLC
analysis. Retention times: 41.6 min [(R)-enantiomer], 47.5 min [(S)-enantiomer]. This is a known compound

and the spectral data are identical to those reported in literature.”

(S)-5-Phenylhexan-3-one (Sea)

Ph O Following the above general procedure with (E)-4-hexen-3-one (29.5 mg (34.7 ul), 0.3 mmol,

| 1 equiv) and phenylboronic acid (49.4 mg, 0.45 mmol, 1.5 equiv). The crude reaction mixture
was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5ea (47.4 mg, 90%) as a colorless oil.
GC Retention time (Condition I): 15.8 (starting material (hexenone)), 21.2 (internal standard (durene)), 28.2
(product). "H NMR (600 MHz, CDCls): & (ppm) 7.27 (t, J = 7.9 Hz, 2H), 7.20-7.16 (m, 3H), 3.32-3.29 (m,
1H), 2.71 (dd, J = 15.8, 6.9 Hz, 1H), 2.62 (dd, J = 15.8, 7.6 Hz, 1H), 2.35-2.25 (m, 2H), 1.24 (d, J = 6.9 Hz,
3H), 0.97 (t, J = 7.6 Hz, 3H); *C NMR (150 MHz, CDCl;): & (ppm) 210.5, 146.3, 128.5, 126.7, 126.2, 50.8,
36.6, 35.5, 21.9, 7.6. The ee value of product was determined on Daicel Chiralpak AD-H, AD-3 connected

column with hexane/2-propanol = 99.5:0.5, flow = 0.5 ml/min by HPLC analysis. Retention times: 28.2 min
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[(S)-enantiomer], 32.2 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to

those reported in literature.”’” (0.3687% Rh leaching, 0.1167% Ag leaching (Rh DL: 0.1496%, Ag DL: 0.0227%))

(S)-4-Phenylnonan-2-one (5fa)

'?h 0 Following the above general procedure with (E)-3-nonen-2-one (42.1 mg (49.7 pul), 0.3 mmol,

4 1 equiv) and phenylboronic acid (65.5 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
purified by preparative TLC (hexane / ethyl acetate, 15:1) to provide 5fa (57.3 mg, 87%) as a colorless oil. "H
NMR (600 MHz, CDCl;): 6 (ppm) 7.26 (t, J = 7.6 Hz, 2H), 7.18-7.14 (m, 3H), 3.11-3.07 (m, 1H), 2.73-2.66
(m, 2H), 1.99 (s, 3H), 1.61-1.52 (m, 2H), 1.22-1.08 (m, 6H), 0.80 (t, J = 6.9 Hz, 3H); *C NMR (150 MHz,
CDCl;): 6 (ppm) 208.0, 144.6, 128.4, 127.4, 126.3, 50.9, 41.3, 36.4, 31.7, 30.6, 27.0, 22.5, 14.0. The ee value of
product was determined on Daicel Chiralpak OJ-H column with hexane/2-propanol = 99:1, flow = 0.25 ml/min
by HPLC analysis. Retention times: 26.5 min [(S)-enantiomer], 29.2 min [(R)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature.”

Ethyl (S)-3-phenyl-3-(p-tolyl)propanoate (5ga)
Ph O Following the above general procedure with ethyl-(E)-4-methylcinnamate (57.1 mg
| OBt (55.0 pl), 0.3 mmol, 1 equiv), phenylboronic acid (66.9 mg, 0.6 mmol, 2 equiv) and
K,CO;5 (41.5 mg, 0.3 mmol, 1 equiv). The crude reaction mixture was purified by
preparative TLC (hexane / ethyl acetate, 19:1) to provide 5ga (85.8 mg, quant.) as a colorless oil. GC Retention
time (Condition II): 12.9 (internal standard (dodecane)), 18.8 (starting material), 25.9 (product). "H NMR (600
MHz, CDCl,): 6 (ppm) 7.19-7.16 (m, 4H), 7.08-7.03 (m, SH), 4.43 (t, /= 7.9 Hz, 1H), 3.95 (q, J= 7.1 Hz, 2H),
2.95 (d, J = 8.2 Hz, 2H), 2.21 (s, 3H), 1.03 (t, J= 7.2 Hz, 3H); ®C NMR (150 MHz, CDCly): & (ppm) 171.9,
143.7, 140.5, 136.0, 129.2, 128.5, 127.6, 127.5, 126.4, 60.4, 46.6, 40.9, 21.0, 14.0. The ee value of product was
determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 99:1, flow = 1.0 ml/min by HPLC
analysis. Retention times: 7.6. min [(R)-enantiomer], 11.6 min [(S)-enantiomer]. This is a known compound and

the spectral data are identical to those reported in literature."'

Ethyl (R)-3-(3-methoxyphenyl)-3-(p-tolyl)propanoate (5gc)
X OMe Following the above general procedure with ethyl-(E)-4-methylcinnamate (57.1 mg
Oo (55.0 pul), 0.3 mmol, 1 equiv), 3-methoxyphenylboronic acid (82.1 mg, 0.6 mmol, 2
oet equiv) and K,CO; (41.8 mg, 0.3 mmol, 1 equiv). The crude reaction mixture was
purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5gc (81.1 mg, 91%)
as a colorless oil. "H NMR (600 MHz, CDCly): & (ppm) 7.17 (t, J = 7.9 Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 7.07
(d, J=17.6 Hz, 2H), 6.82 (d, J = 7.6 Hz, 1H), 6.78-6.76 (m, 1H), 6.71-6.70 (m, 1H), 4.47 (t, J = 8.2 Hz, 1H),
4.02 (q, J="7.1 Hz, 2H), 3.75 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.28 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H); *C NMR
(150 MHz, CDCls): 6 (ppm) 171.8, 159.6, 145.4, 140.3, 136.0, 129.4, 129.2, 127.5, 120.0, 113.7, 111.4, 60.4,
55.1, 46.6, 40.8, 21.0, 14.1. The ee value of product was determined on Daicel Chiralpak OD-H column with

hexane/2-propanol = 99:1, flow = 0.5 ml/min by HPLC analysis. Retention times: 34.5 min [(S)-enantiomer],
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50.6 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.!!

Ethyl (5)-3-(3-methoxyphenyl)-3-(thiophen-2-yl)propanoate (Shc)
OMe Following the above general procedure with ethyl (E)-3-(thiophen-2-yl)acrylate (54.7 mg
©/ (48.1 pl), 0.3 mmol, 1 equiv), 3-methoxyphenylboronic acid (82.2 mg, 0.6 mmol, 2 equiv)

(0]
: and K,CO; (41.6 mg, 0.3 mmol, 1 equiv). The crude reaction mixture was purified by
= OEt
W preparative TLC (hexane / ethyl acetate, 10:1) to provide 5hc (63.7 mg, 73%) as a

yellowish oil. "H NMR (600 MHz, CDCl;): § (ppm) 7.20 (t, J = 7.9 Hz, 1H), 7.12 (d, J = 4.8 Hz, 1H), 6.87-
6.83 (m, 4H), 6.75 (d, J = 8.2 Hz, 1H), 4.72 (t, J = 7.6 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 3.77 (s, 3H), 3.08 (dd,
J=15.1,8.2 Hz, 1H), 3.00 (dd, J= 15.1, 8.2 Hz, 1H), 1.13 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCly): &
(ppm) 171.2, 159.7, 147.3, 144.7, 129.6, 126.6, 124.1, 124.0, 119.8, 113.5, 112.2, 60.6, 55.2, 42.8, 42.2, 14.1.
The ee value of product was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 99:1,
flow = 1.0 ml/min by HPLC analysis. Retention times: 17.2 min [(R)-enantiomer], 18.5 min [(S)-enantiomer].

This is a known compound and the spectral data are identical to those reported in literature."'

(S)-N-Benzyl-3-phenylbutanamide (5ia)
'?h 0 Following the above general procedure with N-benzyl crotonamide (52.7 mg, 0.3 mmol, 1
ﬂ/\Ph equiv) and phenylboronic acid (65.8 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
purified by preparative TLC (DCM / acetone, 49:1) to provide 5ia (67.8 mg, 89%) as a white solid (Mp. 70-71
°C). GC Retention time (Condition II): 12.9 (internal standard (dodecane)), 20.1 (starting material), 28.5
(product). "H NMR (600 MHz, CDCLy): & (ppm) 7.22-7.12 (m, 8H), 6.94-6.93 (m, 2H), 5.63 (brs, 1H), 4.28
(dd, J=14.8, 5.8 Hz, 1H), 4.19 (dd, J = 14.4, 5.5 Hz, 1H), 3.25-3.24 (m, 1H), 2.37 (d, J = 7.6 Hz, 2H), 1.24 (d,
J=6.9 Hz, 3H); “C NMR (150 MHz, CDCls): 5 (ppm) 171.5, 145.7, 138.1, 128.6, 128.5, 127.5, 127.3, 126.8,
126.4, 45.8, 43.3, 37.0, 21.8. The ee value of product was determined on Daicel Chiralpak AD-3 column with
hexane/2-propanol = 80:20, flow = 0.5 ml/min by HPLC analysis. Retention times: 10.8 min [(S)-enantiomer],
12.2 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.?®

(S)-N-Benzyl-3-phenyl-3-(p-tolyl)propanamide (Sja)
Ph O Following the above general procedure with (E)-N-benzyl-4'-methylcinnamamide
| ”/\Ph (75.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (64.5 mg, 0.6 mmol, 2 equiv).
The crude reaction mixture was purified by preparative TLC (DCM / acetone, 49:1) to
provide Sja (88.6 mg, 90%) as a white solid (Mp. 115-117 °C). GC Retention time (Condition II): 12.9
(internal standard (dodecane)), 33.2 (starting material), 41.1 (product). '"H NMR (600 MHz, CDCls): & (ppm)
7.28-7.18 (m, 8H), 7.13 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 6.87 (q, J = 3.0 Hz, 2H), 5.55 (brs, 1H),
4.56 (t,J=7.9 Hz, 1H), 4.29 (g, J = 3.0 Hz, 2H), 2.91 (d, J = 8.2 Hz, 2H), 2.30 (s, 3H); *C NMR (150 MHz,

CDCl;): 6 (ppm) 171.0, 143.8, 140.5, 137.9, 136.0, 129.3, 128.6, 128.4, 127.7, 127.6, 127.4, 127.2, 126.4, 47.1,
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43.5, 43.3, 21.0. The ee value of product was determined on Daicel Chiralpak AD-H column with hexane/2-
propanol = 80:20, flow = 0.5 ml/min by HPLC analysis. Retention times: 18.6 min [(R)-enantiomer], 20.1 min

[(S)-enantiomer]. This is a known compound and the spectral data are identical to those reported in literature.*®

(R)-3-(4-Methoxyphenyl)-3-phenylpropanal (Skb)
OMe Following the above general procedure with trans-cinnamaldehyde (39.7 mg (37.9 pul), 0.3
© mmol, 1 equiv) and 4-methoxyphenylboronic acid (81.6 mg, 0.6 mmol, 2 equiv). The crude
: reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 5:1) to provide Skb
pn OO (46.4 mg, 64%) as a yellowish oil. "H NMR (600 MHz, CDCly): & (ppm) 9.71 (t,J = 1.7 Hz.
1H), 7.29-7.13 (m, 7H), 6.85-6.81 (m, 2H), 4.56 (t, /= 7.6 Hz, 1H), 3.75 (s, 3H), 3.12 (dd, /= 7.9, 1.7 Hz, 2H);
BC NMR (150 MHz, CDCly): & (ppm) 201.2, 158.2, 143.6, 135.3, 128.7, 127.6, 126.6, 114.1, 55.2, 49.5, 44 2.
The ee value of corresponding alcohol (obtained by reduction with NaBH, in DCM/MeOH) was determined on
Daicel Chiralpak AD-H column with hexane/2-propanol = 92:8, flow = 1.0 ml/min by HPLC analysis.
Retention times: 14.1 min [(R)-enantiomer], 15.9 min [(S)-enantiomer]. This is a known compound and the

spectral data are identical to those reported in literature.”

(R)-3-(4-Fluotophenyl)-3-phenylpropanal (5kg)
E Following the above general procedure with trans-cinnamaldehyde (39.7 mg, 0.3 mmol, 1
@ equiv) and 4-fluorophenylboronic acid (74.6 mg, 0.6 mmol, 2 equiv). The crude reaction
: mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide 5kg (48.1
Ph >0 g 70%) as a yellowish oil. "H NMR (600 MHz, CDCLy): 8 (ppm) 9.72 (t, J = 1.7 Hz, 1H),
7.33-7.15 (m, 7H), 6.98-6.95 (m, 2H), 4.61 (t, J= 7.6 Hz, 1H), 3.14 (dd, J = 7.6, 2.1 Hz, 2H); *C NMR (150
MHz, CDCl): 3 (ppm) 200.6, 161.5 (d, J = 245.6 Hz), 143.0, 139.0, 129.2 (d, /= 7.2 Hz), 128.8 127.6, 126.8,
115.5 (d, J=21.7 Hz), 49.5, 44.1. The ee value of corresponding alcohol (obtained by reduction with NaBH, in
DCM/MeOH) was determined on Daicel Chiralpak OJ-H column with hexane/2-propanol = 90:10, flow = 1.0
ml/min by HPLC analysis. Retention times: 14.6 min [(S)-enantiomer], 18.9 min [(R)-enantiomer]. This is a

known compound and the spectral data are identical to those reported in literature.”

(S)-3-Phenyl-3-(p-tolyl)propanal (Sla)
Ph Following the above general procedure with (E)-4-methylcinnamaldehyde (43.9 mg, 0.3
m cro mmol, 1 equiv) and phenylboronic acid (66.9 mg, 0.6 mmol, 2 equiv). The crude reaction
mixture was purified by preparative TLC (hexane / ethyl acetate, 10:1) to provide Sla (47.8
mg, 71%) as a yellowish oil. '"H NMR (600 MHz, CDCl;): § (ppm) 9.71 (t, J= 1.7 Hz, 1H), 7.28-7.16 (m, 5H),
7.11-7.08 (m, 4H), 4.57 (t, J= 7.9 Hz, 1H), 3.12 (dd, J = 7.9, 1.7 Hz, 2H), 2.28 (s, 3H); C NMR (150 MHz,
CDCl;): 6 (ppm) 201.2, 143.4, 140.2, 136.3, 129.4, 128.7, 127.62, 127.55, 126.6, 49.4, 44.6, 20.9. The ee value
of corresponding alcohol (obtained by reduction with NaBH, in DCM/MeOH) was determined on Daicel
Chiralpak AS-3 column with hexane/2-propanol = 98:2, flow = 1.0 ml/min by HPLC analysis. Retention times:
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31.5 min [(R)-enantiomer], 34.5 min [(S)-enantiomer]. This is a known compound and the spectral data are

identical to those reported in literature.”

Ethyl (S)-3-(p-tolyl)butanoate (Smi)

Following the above general procedure with ethyl crotonate (34.3 mg, 0.3 mmol, 1 equiv) and
dj 4-methylphenylboronic acid (81.6 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
/\)O]\ purified by preparative TLC (hexane / ethyl acetate, 9:1) to provide 5mi (53.8 mg, 87%) as a

OEt

colorless oil. "H NMR (600 MHz, CDCls): & (ppm) 7.09 (s, 4H), 4.06 (q, J = 7.3 Hz, 2H),
3.26-3.20 (m, 1H), 2.57 (dd, J=15.1, 6.9 Hz, 1H), 2.50 (dd, J = 15.1, 8.2 Hz, 1H), 2.30 (s, 3H), 1.26 (d, /= 6.9
Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCly): § (ppm) 172.5, 142.7, 135.8, 129.1, 126.6,
60.2, 43.1, 36.1, 21.9, 21.0, 14.2. The ee value of product was determined on Daicel Chiralpak AD-3 column
with hexane/2-propanol = 99:1, flow = 1.0 ml/min by HPLC analysis. Retention times: 5.1 min [(S)-
enantiomer], 5.4 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those

reported in literature.’’

tert-Butyl (S)-3-(3,4-dichlorophenyl)-3-phenylpropanoate (5na)

Following the above general procedure with  fert-butyl (E)-3-(3,4-
Clw oBu dichlorophenyl)acrylate (82.0 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (99.1
cl mg, 0.9 mmol, 3 equiv). The crude reaction mixture was purified by preparative TLC
(hexane / ethyl acetate, 10:1) to provide 5na (89.5 mg, 85%) as a yellowish stick oil. '"H NMR (600 MHz,
CDCl;): 6 (ppm) 7.28-7.12 (m, 7H), 7.00 (dd, J = 8.2, 2.1 Hz, 1H), 4.37 (t,J = 7.9 Hz, 1H), 2.85 (d, J = 8.2 Hz,
2H), 1.23 (s, 9H); ®C NMR (150 MHz, CDCls): & (ppm) 170.5, 143.9, 142.4, 132.4, 130.43, 130.36, 129.7,
128.7, 127.6, 127.2, 126.9, 81.0, 46.5, 41.7, 27.9. The ee value of product was determined on Daicel Chiralpak
OD-H column with hexane/2-propanol = 99:1, flow = 0.2 ml/min by HPLC analysis. Retention times: 35.2 min

[(R)-enantiomer], 39.9 min [(S)-enantiomer]. This is a known compound and the spectral data are identical to

those reported in literature.”

(R)-1-Benzyl-4-(4-fluorophenyl)piperidin-2-one (50g)
N"pn Following the above general procedure with N-benzyl-A’-piperidein-2-one (56.2 mg,

| X 0 0.3 mmol, 1 equiv) and 4-fluorophenylboronic acid (116.3 mg, 0.9 mmol, 3 equiv). The

FONF crude reaction mixture was purified by preparative TLC (DCM / acetone, 49:1) to

provide 50g (64.9 mg, 76%) as a white solid (Mp. 110-112 °C). "H NMR (500 MHz, CDCly): & (ppm) 7.27 (t, J
=17.2 Hz, 2H), 7.21 (d, J = 7.6 Hz, 4H), 7.09-7.07 (m, 2H), 6.94 (t, J = 8.6 Hz, 2H), 4.67 (d, J = 14.4 Hz, 1H),
4.48 (d, J=14.4 Hz, 1H), 3.26-3.17 (m, 2H), 3.09-2.99 (m, 1H), 2.78-2.70 (m, 1H), 2.48 (dd, /= 17.9, 11.0 Hz,
2H), 2.04-1.96 (m, 1H), 1.87-1.80 (m, 1H); *C NMR (125 MHz, CDCl;): & (ppm) 169.0, 161.6 (d, J = 245.6
Hz), 139.0, 137.0, 128.6, 128.1, 127.9 (d, J= 8.7 Hz), 127.4, 115.5 (d, J = 20.2 Hz), 50.0, 46.2, 39.6, 37.9, 30.2.

The ee value of product was determined on Daicel Chiralpak AD-H column with hexane/2-propanol = 90:10,
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flow = 0.5 ml/min by HPLC analysis. Retention times: 25.0 min [(S)-enantiomer], 26.5 min [(R)-enantiomer].

This is a known compound and the spectral data are identical to those reported in literature.’

(R)-1-Fluoro-4-(2-nitro-1-phenylethyl)benzene (10ag)
F Following the above general procedure with nitrostyrene (44.8 mg, 0.3 mmol, 1 equiv) and
@ 4-fluorophenylboronic acid (74.6 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
: purified by preparative TLC (toluene / hexane, 2:1) to provide 10ag (61.9 mg, 84%) as a
ph N0z colorless oil. "H NMR (600 MHz, CDCls): & (ppm) 7.32 (t, J = 7.6 Hz, 2H), 7.26-7.24 (m,
1H), 7.20-7.18 (m, 4H), 7.02-6.98 (m, 2H), 4.95-4.93 (m, 2H), 4.91-4.86 (m, 1H); *C NMR (150 MHz,
CDCl;): 6 (ppm) 162.0 (d, J = 247.1 Hz), 138.9, 134.9 (d, J = 2.9 Hz), 129.3 (d, J = 8.7 Hz), 129.1, 127.7,
127.5, 115.9 (d, J = 20.2 Hz), 79.2, 48.2. The ee value of product was determined on Daicel Chiralpak OD-H
column with hexane/2-propanol = 60:40, flow = 1.0 ml/min by HPLC analysis. Retention times: 11.0 min [(S)-
enantiomer], 18.8 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those

reported in literature.”

(R)-1-Chloro-4-(2-nitro-1-phenylethyl)benzene (10aj)
cl Following the above general procedure with nitrostyrene (44.8 mg, 0.3 mmol, 1 equiv) and
4-chlorophenylboronic acid (86.9 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was
: purified by preparative TLC (toluene / hexane, 2:1) to provide 10aj (80.4 mg, quant.) as a
pn N0z colorless oil. "H NMR (600 MHz, CDCls): & (ppm) 7.27-7.17 (m, 5H), 7.13-7.09 (m, 4H),
4.88 (d, J = 8.2 Hz, 2H), 4.81 (t, J = 8.2 Hz, 1H); C NMR (150 MHz, CDCly): & (ppm) 138.7, 137.7, 133.5,
129.2, 129.1, 129.0, 127.8, 127.5, 79.0, 48.3. The ee value of product was determined on Daicel Chiralpak OD-
H column with hexane/2-propanol = 60:40, flow = 1.0 ml/min by HPLC analysis. Retention times: 14.9 min
[(S)-enantiomer], 22.7 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to

those reported in literature.*

(R)-1-Methyl-2-(2-nitro-1-phenylethyl)benzene (10ak)
Following the above general procedure with 1-methoxy-4-(2-nitroethenyl)benzene (53.8 mg,
©\ 0.3 mmol, 1 equiv) and 3-methoxyphenylboronic acid (81.8 mg, 0.6 mmol, 2 equiv). The
Ph /?\/Noz crude reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 20:1) to
provide 5me (75.6 mg, 88%) as a colorless oil. '"H NMR (600 MHz, CDCly): & (ppm) 7.31 (t, J= 7.9 Hz, 2H),
7.26-7.18 (m, 7H), 5.12 (t, J = 7.9 Hz, 1H), 4.98-4.93 (m, 2H), 2.32 (s, 3H); *C NMR (150 MHz, CDCly): &
(ppm) 138.7, 137.1, 136.5, 131.3, 128.9, 128.0, 127.5, 126.4, 125.8, 79.2, 45.0, 19.6. The ee value of product
was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 60:40, flow = 1.0 ml/min by
HPLC analysis. Retention times: 18.6 min [(S)-enantiomer], 29.0 min [(R)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature.”
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(S)-1-Methoxy-3-(1-(4-methoxyphenyl)-2-nitroethyl)benzene (10bc)
Following the above general procedure with 1-methoxy-4-(2-nitroethenyl)benzene
©/OM9 (53.8 mg, 0.3 mmol, 1 equiv) and 3-methoxyphenylboronic acid (82.9 mg, 0.6 mmol, 2
: NO, equiv). The crude reaction mixture was purified by preparative TLC (hexane / ethyl
/@N acetate, 20:1) to provide 10be (80.5 mg, 93%) as a colorless oil. '"H NMR (600 MHz,
CDCl;): 6 (ppm) 7.24-7.21 (m, 1H), 7.14 (d, J = 8.9 Hz, 2H), 6.84-6.73 (m, SH), 4.94-
4.88 (m, 2H), 4.80 (t, J = 8.2 Hz, 1H), 3.76 (s, 6H); *C NMR (150 MHz, CDCls): § (ppm) 159.9, 158.9, 141.1,
131.0, 130.0, 128.7, 119.7, 114.3, 113.9, 112.4, 79.4, 55.23, 55.18, 48.2. The ee value of product was
determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 50:50, flow = 1.0 ml/min by HPLC

MeO

analysis. Retention times: 19.8 min [(S)-enantiomer], 37.3 min [(R)-enantiomer]. This is a known compound

and the spectral data are identical to those reported in literature.**

(R)-2-(1-(3-Methoxyphenyl)-2-nitroethyl)thiophene (10cc)
OMe Following the above general procedure with 2-(2-thienyl)nitrostyrene (46.6 mg, 0.3 mmol,
©/ 1 equiv) and 3-methoxyphenylboronic acid (124.4 mg, 0.9 mmol, 3 equiv). The crude
~ : NO, reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 20:1) to provide
C’S/V 10cc (77.5 mg, 98%) as a yellowish oil. "H NMR (600 MHz, CDCls): & (ppm) 7.27-7.24
(m, 1H), 7.21 (d, J = 5.5 Hz, 1H), 6.93 (t, J = 4.5 Hz, 1H), 6.90 (d, J = 2.7 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H),
6.82-6.81 (m, 2H), 5.09 (t, J = 7.9 Hz, 1H), 4.96-4.90 (m, 2H), 3.77 (s, 3H); *C NMR (150 MHz, CDCly): &
(ppm) 160.0, 142.2, 140.2, 130.1, 127.0, 125.2, 125.1, 119.6, 113.7, 113.1, 79.8, 55.2, 44.6. The ee value of
product was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 60:40, flow = 1.0 ml/min
by HPLC analysis. Retention times: 13.3 min [(R)-enantiomer], 36.3 min [(S)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature."’

(R)-1-(1-Cyclohexyl-2-nitroethyl)-3-methoxybenzene (10dc)
ome  Following the above general procedure with 1-methoxy-4-(2-nitroethenyl)benzene (53.8
©/ mg, 0.3 mmol, 1 equiv) and 3-methoxyphenylboronic acid (81.8 mg, 0.6 mmol, 2 equiv).
: NO, The crude reaction mixture was purified by preparative TLC (hexane / ethyl acetate, 20:1)
ON to provide 10dc (75.6 mg, 88%) as a colorless oil. '"H NMR (600 MHz, CDCLy): & (ppm)
7.21 (t,J=17.9 Hz, 1H), 6.76 (dd, J= 7.9, 1.7 Hz, 1H), 6.71 (d, J= 6.2 Hz, 1H), 6.65 (s, 1H), 4.76-4.72 (m, 1H),
4.60-4.55 (m, 1H), 3.77 (s, 3H), 3.23-3.19 (m, 1H), 1.76 (t, J = 15.5 Hz, 2H), 1.65-1.53 (m, 3H), 1.46 (d, J =
12.4 Hz, 1H), 1.23-1.19 (m, 1H), 1.13-0.98 (m, 3H), 0.89-0.82 (m, 1H); *C NMR (150 MHz, CDCl;): 5 (ppm)
159.6, 140.4, 129.5, 120.4, 114.5, 112.1, 78.8, 55.2, 50.2, 40.9, 30.9, 30.6, 26.13, 26.07. The ee value of product
was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 60:40, flow = 1.0 ml/min by

HPLC analysis. Retention times: 5.7 min [(R)-enantiomer], 9.6 min [(S)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature."’
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(S)-4-Methyl-N-(phenyl(p-tolyl)methyl)benzenesulfonamide (11aa)
Ph Following the above general procedure with  N-(4-methylbenzylidene)-4-
/@AHTS methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (63.6 mg,
0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC (hexane /
ethyl acetate, 3:1) to provide 11aa (40.7 mg, 50%) as a white solid (Mp. 120-122 °C). "H NMR (600 MHz,
CDCl): 6 (ppm) 7.49 (d, J = 6.9 Hz, 2H), 7.13-7.12 (m, 3H), 7.07-7.03 (m, 4H), 6.95-6.89 (m, 4H), 5.45 (d, J =
6.9 Hz, 1H), 4.98 (d, J = 6.2 Hz, 1H), 2.31 (s, 3H), 2.21 (s, 3H); *C NMR (150 MHz, CDCl;): § (ppm) 143.1,
140.7, 137.6, 137.3, 137.2, 129.3, 129.2, 128.4, 127.4, 127.3, 127.23, 127.16, 61.1, 21.4, 21.0. The ee value of
product was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 95:5, flow = 1.0 ml/min
by HPLC analysis. Retention times: 15.9 min [(S)-enantiomer], 24.2 min [(R)-enantiomer]. This is a known
compound and the spectral data are identical to those reported in literature.® (No Rh leaching (UDL), No Ag
leaching (UDL) (Rh DL: 04910%, Ag DL: 0.1380%))

(R)-N-((4-Fluorophenyl)(p-tolyl)methyl)-4-methylbenzenesulfonamide (11ag)
F Following the above general procedure with  N-(4-methylbenzylidene)-4-
@ methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and 4-fluorophenylboronic acid
? (74.6 mg, 0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC
gu ™ (hexane / ethyl acetate, 3:1) to provide 11ag (59.1 mg, 53%) as a white solid (Mp. 117-118
°C). '"H NMR (600 MHz, CDCly): & (ppm) 7.53 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.2 Hz,
2H), 7.08-7.06 (m, 2H), 6.99 (d, J = 7.6 Hz, 2H), 6.91 (d, J = 7.6 Hz, 2H), 6.86 (t, /= 8.9 Hz, 2H), 5.48 (d, J =
6.9 Hz, 1H), 5.22 (d, J = 6.9 Hz, 1H), 2.37 (s, 3H), 2.26 (s, 3H); *C NMR (150 MHz, CDCl;): & (ppm) 162.0
(d, J = 245.6 Hz), 143.3, 137.5, 137.4, 137.2, 136.5 (d, J = 2.9 Hz), 129.33, 129.29, 129.0 (d, J = 8.7 Hz),
127.15, 127.13, 115.2 (d, J = 21.7 Hz), 60.4, 21.4, 21.0. The ee value of product was determined on Daicel
Chiralpak OD-H column with hexane/2-propanol = 95:5, flow = 1.0 ml/min by HPLC analysis. Retention times:
20.6 min [(R)-enantiomer], 27.5 min [(S)-enantiomer]. This is a known compound and the spectral data are

identical to those reported in literature.”’

(S)-N-((4-Methoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (11ba)

oh Following the above general procedure with N-(4-methoxybenzylidene)-4-

NN methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (63.6
= : mg, 0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC

MeO
(hexane / ethyl acetate, 3:1) to provide 11ba (40.7 mg, 50%) as a white solid (Mp. 131-133 °C). "H NMR (600

MHz, CDCl;): & (ppm) 7.47 (d, J = 8.2 Hz, 2H), 7.13-7.09 (m, 3H), 7.06-7.01 (m, 4H), 6.91 (d, J = 8.9 Hz,
2H), 6.64 (d, J = 8.2 Hz, 2H), 5.44 (d, J = 6.9 Hz, 1H), 5.23 (d, J = 6.9 Hz, 1H), 3.66 (s, 3H), 2.29 (s, 3H); *C
NMR (150 MHz, CDCl;): 6 (ppm) 158.9, 143.0, 140.7, 137.4, 132.7, 129.3, 128.6, 128.4, 127.4, 127.2, 127.1,
113.8, 60.8, 55.2, 21.4. The ee value of product was determined on Daicel Chiralpak OD-H column with

hexane/2-propanol = 95:5, flow = 1.0 ml/min by HPLC analysis. Retention times: 26.2 min [(S)-enantiomer],
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41.8 min [(R)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.*®

(S)-4-Methyl-N-(naphthalen-2-yl(phenyl)methyl)benzenesulfonamide (11ca)

Ph Following the above general procedure with N-(4-methylbenzylidene)-4-
= n° T8 methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (63.6
KDAH mg, 0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC
(hexane / ethyl acetate, 3:1) to provide 11ca (40.7 mg, 50%) as a white solid (Mp. 130-131 °C). "H NMR (600
MHz, CDCl;): & (ppm) 7.75-7.72 (m, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.63-7.60 (m, 1H), 7.46 (d, J = 8.2 Hz,
2H), 7.42 (s, 1H), 7.42 (q, J = 3.4 Hz, 2H), 7.22-7.18 (m, 3H), 7.18-7.12 (m, 3H), 6.93 (d, J = 8.2 Hz, 2H), 5.65
(d, J=17.6 Hz, 1H), 5.36 (d, J = 7.6 Hz, 1H), 2.17 (s, 3H); *C NMR (150 MHz, CDCL): 3 (ppm) 143.2, 140.4,
137.5, 137.3, 133.0, 132.6, 129.3, 128.6, 128.5, 127.9, 127.7, 127.5, 127.4, 127.2, 126.3, 126.2, 126.1, 125.1,
61.4, 21.3. The ee value of product was determined on Daicel Chiralpak OD-H column with hexane/2-propanol
= 95:5, flow = 1.0 ml/min by HPLC analysis. Retention times: 33.9 min [(R)-enantiomer], 39.4 min [(S)-

enantiomer]. This is a known compound and the spectral data are identical to those reported in literature.”’

(S)-4-Methyl-N-(naphthalen-1-yl(phenyl)methyl)benzenesulfonamide (11da)
Following the above general procedure with  N-(4-methylbenzylidene)-4-

methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (63.6 mg,

0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC (hexane /
ethyl acetate, 3:1) to provide 11da (40.7 mg, 50%) as a white solid (Mp. 145-147 °C). '"H NMR (600 MHz,
CDCl;): 6 (ppm) 7.79 (t, J = 8.2 Hz, 2H), 7.71 (d, J = 8.2 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.42 (t, J = 7.2 Hz,
1H), 7.37 (t, J = 7.6 Hz, 1H), 7.26 (t, J= 7.3 Hz, 1H), 7.22 (d, J= 7.6 Hz, 1H), 7.19-7.11 (m, 5H), 7.04 (d, J =
8.2 Hz, 2H), 6.29 (d, J = 7.6 Hz, 1H), 5.16 (d, J = 6.9 Hz, 1H), 2.33 (s, 3H); "C NMR (150 MHz, CDCly): &
(ppm) 143.1, 140.2, 137.2, 135.4, 133.9, 130.4, 129.2, 128.8, 128.6, 127.6, 127.5, 127.1, 126.5, 126.1, 125.7,
125.0, 123.4, 58.5, 21.4. The ee value of product was determined on Daicel Chiralpak OD-H column with
hexane/2-propanol = 90:10, flow = 1.0 ml/min by HPLC analysis. Retention times: 19.3 min [(R)-enantiomer],
24.4 min [(S)-enantiomer]. This is a known compound and the spectral data are identical to those reported in

literature.*®

(S)-4-Methyl-N-(phenyl(thiophen-2-yl)methyl)benzenesulfonamide (11ea)

Ph Following the above general procedure with  N-(4-methylbenzylidene)-4-
@%N‘TS methylbenzenesulfonamide (82.4 mg, 0.3 mmol, 1 equiv) and phenylboronic acid (63.6 mg,
\s 0.6 mmol, 2 equiv). The crude reaction mixture was purified by preparative TLC (hexane /

ethyl acetate, 3:1) to provide 11ea (40.7 mg, 50%) as a white solid (Mp. 141-143 °C). '"H NMR (600 MHz,
CDCl;): 6 (ppm) 7.56 (d, J = 8.2 Hz, 2H), 7.21 (t,J = 3.1 Hz, 3H), 7.18-7.12 (m, 5H), 6.83-6.80 (m, 1H), 6.67-
6.64 (m, 1H), 5.77 (d, J= 6.9 Hz, 1H), 5.11 (d, J = 7.6 Hz, 1H), 2.36 (s, 3H); >C NMR (150 MHz, CDCly): §
(ppm) 144.8, 143.2, 140.1, 137.2, 129.3, 128.5, 127.9, 127.1, 126.7, 126.1, 125.7, 57.4, 21.5. The ee value of
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product was determined on Daicel Chiralpak OD-H column with hexane/2-propanol = 95:5, flow = 1.0 ml/min
by HPLC analysis. Retention times: 20.0 min [(S)-enantiomer], 28.4 min [(R)-enantiomer]. This is a known

compound and the spectral data are identical to those reported in literature.*®
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5aa, condition : AD, 0.5 ml/min, Hex/IPA = 98:2, 254 nm

S S 1Det.A254nm
2 ]
o a
L e I s e e o L S —
0 10 15 20 25 30
min
Det.A 254nm
Peak# | Ret. Time Arca Height Arca %
1 17.207 816831 27599 49,924
2 20,397 819326 23681 50.076
-] 1Det.A254nm|
g}
=
3 J
S
o0
0 N P
e s B T S e oo o L S s — T
0 10 15 20 25 30
min
Det. A 254nm
Peak# ime Arca ig )
1 18.039 15312 506 1.020
2 21.338 1485433 40888 98,980
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5ab, condition : AD-H, 0.5 ml/min, Hex/IPA = 98:2, 220 nm

uVv

750000~

500000—

250000—

25.851
27231

0 i ”'l””[””l””[””l””"1PDAMuIti1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 25.851 21497959 732929 49.287 49.399
2 27.231 22119982 750760 50.713 50.601
Total 43617942 1483689 100.000 100.000
uVv
2500000~ &
] &
2000000—
1500000
1000000 |
500000~
1 2
1 @
- &
0 ~ )
E T T T T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T 1PDA MUItI1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/ 220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 25.809 1746779 60252 1.655 2.344
2 27.371 103780374 2509914 98.345 97.656
Total 105527153 2570166 100.000 100.000
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5ac, condition : AD-H, 0.5 ml/min, Hex/IPA = 98:2, 220 nm

u
750000— T &
s 3
1 & &
500000—
250000—
0 . )
T T T T I T T T T T T T T I T T T T I T T T T I T T T T 1PDA MUItI1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 27.314 22127731 723496 50.079 51.490
2 29.447 22057501 681615 49.921 48.510
Total 44185232 1405111 100.000 100.000
000000 2
1 &
&
1500000—
1000000
500000—
1 @
1 &
&
0 . ...|....|....|....|....|....7’1PDAM“'ﬁ1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 27.908 1091903 34942 1.292 1.791
2 29.965 83412903 1915660 98.708 98.209
Total 84504806 1950602 100.000 100.000
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5ad, condition : AD-H, 0.5 ml/min, Hex/IPA = 98:2, 254 nm

4 2 2 1Det. A254nm
1 Ul vy
= o
50+
25+
G A UL
| A T 1 T LN T L U
0 5 10 15 20 25 30
min
Det.A254nm
|__Peak# Ret. Time Arca Height Arca%
1 20.550 1238370 59517 49 985
2 22.550 1239127 54637 50.015
154 ) 1Det.A 254nm
i o
- m
10
5_
&
] ﬁJ
G ", W o AN . Y
—— — —T T —r— — —
0 10 15 20 25 30
min
Det.A254nm
|_Peak# | Ret. Time Area Height | :
1 20,241 5531 280 1.681
2 22.210 323572 14439 98.319
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5ae, condition : AD-3, 1.0 ml/min, Hex/IPA = 98:2, 254 nm

x} 1777A254nm|
400+

300+

200 el

100

J

T
0 5 10 15 20 25 30
min

777A 254nm
Peak# | Ret. Time Area Height Arca%

17.212 8562223 435742 50.026

22912 8553330 177747 49,974

i |—

1777A254nm|
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25345
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5af, condition : OD-H_AS-H (connected column), 0.5 ml/min, Hex/IPA = 90:10, 220 nm

uVv
4 ~
g 8
1 & )
750000—
500000
250000—
0 .
i . e 1PDA Multi 1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1 /220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 29.997 50197227 873420 49.696 50.718
2 32.668 50810920 848695 50.304 49.282
Total 101008148 1722115 100.000 100.000
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1 8
1 ~
]
0 - ~ .
* T T T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T 1PDA MUItI1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 29.807 77387259 1161403 99.037 98.402
2 32.706 752574 18855 0.963 1.598
Total 78139833 1180258 100.000 100.000
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5ag, condition : AD-H, 1.0 ml/min, Hex/IPA = 97:3, 254 nm

100 f_:,! ~ 1 Det. A 254nm
: : ; - - T -
0 10
min
Det.A254nm
| Peak# Ret. Time Arca Height Arca%
1 8.142 886960 101477 49.719
2 10.132 896992 84304 50.281
] 1 Det.A 254nm|
=
200
100
2
0 %
, , : - - T -
0 10
min
Det.A254nm
|_Peak# Ret, Time Arca Height :
1 8.169 25191 2945 0.857
2 10,113 2913620 264114 99,143
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5ah, condition : AD-3, 0.6 ml/min, Hex/IPA = 90:10, 254 nm

400+

300+

0

24023

25.408

1777A254nm

0

T77A 2540
| Peaki

Arca

Height

Arca%

12397070

487679

49,630

0D [—

12581811

397315

50.370

30
min

1300
1200+
1100+
1000+
900~
800
700+

500+
400+
3001
200+
100~

0

ATIA2540m

]
I

28.192

T7TA 254n
| Peak# |

m
| Ret. Time

Arca

26.151

33620942

1262054

99.159

1
2

28.192

285176

11276

0.841
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5bb, condition : AD-3_OD-H (connected column), 1.0 ml/min, Hex/IPA = 98:2, 220 nm

uVv
1 e
400000— -
- ™
- ~
i 3
d e
300000—
200000—
100000—
0 ~ .
-...I...l....,........l....1PDAM”"'1
0 10 20 30 40 50 60
min
1 PDA Multi 1/ 220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 39.516 17242048 407703 49.989 56.253
2 43.887 17249762 317069 50.011 43.747
Total 34491810 724772 100.000 100.000
uVv
] 2
3]
1500000 g
1250000—
1000000~
750000~
500000~
250000 -
@
1 g
0~ A :
T T T I T T T ] T T T T | T T T T T T T T ] T T T T ‘ 1PDA Multi 1
0 10 20 30 40 50 60
min
1 PDA Multi 1/ 220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 40.191 2374923 60823 2.099 3.717
2 43.259 110791390 1575342 97.901 96.283
Total 113166314 1636164 100.000 100.000
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5ca, condition : OD-H, 0.5 ml/min, Hex/IPA = 90:10, 230 nm

12817
14536

1777A230nm|

200
100+
UL
— — —T T — T
0 10 15 20 25 30
min
T7A 230nm
|_Peak# | ime Area Height '
1 12.817 4013223 248060 49,778
2 14.536 4049031 216989 50,222
| Q 1777A230nm
~
(;l
1000+
500
1 e
N
4 -
: 3
0 AN
———— 77 —
0 10 15 20 25 30
min
T1A 230nm
|_Peak# Ret. Time Area Height Arca%
1 12.745 23543846 1233384 95.466
2 14.495 1LI8I71 62863 4.534
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5da, condition : AS-H, 0.5 ml/min, Hex/IPA = 99:1, 220 nm

uVv
400000~ 8
1 g
8
] 3
300000—
200000—
100000—
0- A H._L -
—————— lll"IKI‘I'I'IHI'1PDAMuIti1
0 10 20 30 40 50 60 70
min
1 PDA Multi 1 /220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 40.201 36813230 393492 49.918 55.965
2 44.861 36934669 309614 50.082 44.035
Total 73747899 703106 100.000 100.000
uVv
~
1 3
125000~ N
100000~
75000-
50000—
25000—
1 ~
] g
S A
0 A N .
r— .,.......,...,...1PDAM“'“1
0 10 20 30 40 50 60 70
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 41.607 8838124 134857 98.696 98.472
2 47.467 116805 2093 1.304 1.528
Total 8954928 136949 100.000 100.000
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5ea, condition : AD-H_AD-3 (connected column), 0.5 ml/min, Hex/IPA = 99.5:0.5, 220 nm

uVv
500000~ 8
4 © 0
8 F
1 o
400000~
300000~
200000 |
100000
0 ]
T — 77—
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 28.708 14200732 492260 49.992 53.745
2 31.775 14205429 423659 50.008 46.255
Total 28406162 915919 100.000 100.000
uVv B
] &
~
J &
750000—
500000—
250000
! g
d ]
0 1 AN
: — 77—
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/ 220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 28.229 47254796 890084 98.192 96.281
2 32.211 870304 34381 1.808 3.719
Total 48125101 924465 100.000 100.000
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5fa, condition : OJ-H, 0.25 ml/min, Hex/IPA = 99:1, 254 nm

27499

29799

1777A254nm

0 e N
—Tr-r—r——T——r—r—r T T
0 5 10 15 20 30 35 40
min
777A 254nm
| Peak# | Ret. Time Area Height Arca%
1 27.499 719940 20908 49,470
2 29.799 735377 19004 50.530
] 1777A254nm
-
S
100+
i
| &
0 o~ oy
—T—T———— T T
0 5 10 15 20 30 35 40
min
T7IA 254nm
|_Peak# Ret. Time Area Height
| 26461 4681759 121601 98.516
2 29,146 70530 1706 1.484
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5ga, condition : OD-H, 1.0 ml/min, Hex/IPA = 99:1, 254 nm

o 1Det.A254nm
E %l
~
20 -
- A
10 X
T
— T 7T — T .
0 10 15 20 25 30
min
Det.A254nm
|_Peak# [ Ret. Time Arca Height Arca%
1 7.522 276217 25291 49.779
2 11.331 278673 16010 50.221
©° 1Det.A254nm
1 0
20
10
] o L
R o
0 A,\/\/\ J
— T — T -
0 10 15 20 25 30
min
Det.A254nm
# Ret. Time Arca Height )
1 7.637 6842 625 1.504
2 11.616 447990 24731 98.496
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5gc, condition : OD-H, 0.5 ml/min, Hex/IPA = 99:1, 220 nm

uVv B
600000— 3
500000~
- ]
~
400000 b
300000~
200000~
100000 |
0— A J
—_——— 77 T 7T T T
0 10 20 30 40 50 60
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 34.668 27896217 610224 49.734 61.733
2 51.769 28194059 378267 50.266 38.267
Total 56090276 988491 100.000 100.000
uVv
o
1 ©
J 3
750000~
500000—
250000
] .
2
] : J
c A
L L L L L L
0 10 20 30 40 50 60
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 34.497 719026 16390 1.073 1.886
2 50.619 66271654 852563 98.927 98.114
Total 66990679 868953 100.000 100.000
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5he, condition : OD-H, 1.0 ml/min, Hex/IPA = 99:1, 220 nm

uVv
N
1 D o
© =]
750000— T2
500000—
250000
R I |
T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ‘ 1PDA Muni 1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 16.922 18335675 804583 49.841 53.375
2 18.593 18452552 702833 50.159 46.625
Total 36788227 1507416 100.000 100.000
uVv
g
2000000— v
1500000—
1000000—
500000—
] 3
] S
o A A .
1 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ‘ 1PDA Multi 1
0 5 10 15 20 25 30 35 40
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 17.153 1927036 88964 3.026 4.013
2 18.506 61765505 2128137 96.974 95.987
Total 63692541 2217101 100.000 100.000
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5ia, condition : AD-3, 0.5 ml/min, Hex/IPA = 80:20, 220 nm

10.796
12.173

1Det.A220nm

500+
250
0 | Al AN i J L
' T - - T ; ' : T -
0 5 10 15 20
min
Det.A220nm
|_Peak# | Ret, Time Area Height )
| 10.796 8716558 664283 49.705
2 12,173 8820015 S98687 50,295
N 1Det. A220nm
~
1 e
1000~
750
500
250
: 2
: | L i
(; o -
r T - - - T : , ' T - -
0 5 10 15 20
min
Det.A220nm
|_Peak# Ret, Time Arca g
1 10,777 17070695 1176045 98,397
2 12,180 278099 21281 1.603
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5ja, condition : AD-H, 0.5 ml/min, Hex/IPA = 80:20, 220 nm

: *® o 1Det.A220nm
| | o
300 = =
200
100
o] M J\ Jl/\ J
I e e e ey L e ey e e e S e
0 5 10 15 20 25
min
Det.A220nm
|_Peak# Ret, Time Arca Height Arca%
1 I8.118 7057143 332756 49,662
2 20.695 7153191 286737 50.338
i 2 1Det. A220nm
=)
l &
1500
1000
500+
] =
0
77—
0 5 10 15 20 25
min
Det.A220nm
|_Peak# Ret, Time Arca Height Arca%
1 18.641 368813 17844 0,803
2 20,086 45572226 1748730 99.197
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Corresponding alcohol of 5kb, condition : AD-H, 1.0 ml/min, Hex/IPA = 92:8, 254 nm

: i) 2 1777A 254nm|
50 S <
25+
0 /JL\J“«..__Jl A AN J J
T L S A T T T I T T
0 10 15 20 25 30
min
1A 254nm
|_Peak# Ret, Time Area Height Arca%
1 14.215 928919 53504 50.164
2 15,950 922842 47215 49.836
1 % 1777A 254nm|
1 <
300
200+
l()()—- 3
] a
0 A
T —T— — T v
0 5 10 15 20 25 30
min
T17A 254nm
|_Peak# | Ret. Time Arci Height Arca% |
1 14,138 6415440 365365 93.651
2 15.846 434922 22550 6.349
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Corresponding alcohol of 5kg, condition : OJ-H, 1.0 ml/min, Hex/IPA = 90:10, 254 nm

| vA] 1Det. A254nm
40 g
1 ~”
] 4
30 E
2()—_
10-
c‘ P J
L L B B S B T | LA — L S B
0 5 10 15 20 25 30
min
Det.A254nm
|_Peak# | Ret, Time Area Height Arca%
1 14,665 1289518 42065 49.689
2 19.253 1305634 28886 50311
i Q 1Det.A254nm|
. 0
4()—_ =
30
20
10-] &
R o
- = J
o - N
—— — — —
0 5 10 15 20 25 30
min
Det.A254nm
|_Peak# | Ret, Time Area Height Area%
| 14.625 69487 2601 3,322
2 18.845 2022099 44690 96.678
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Corresponding alcohol of 5la, condition : AS-3, 1.0 ml/min, Hex/IPA = 98:2, 220 nm

v Fet.A220nm
500+ ~ <
_ S ¢
250
0
———T—T— ——r——r—T—r—r—r—T7 — T
0 10 15 20 25 30 35 40
min
Det.A220nm
| Peak# Ret. Time Arca Height | )
1 31.783 18965371 522031 49,936
2 34.930 19014301 451583 50.064
200_' E\,l Det.A220nm
_ Wf"‘
150~
100~
50
E r~
1 g
| -
0 AN
-
0 5 10 15 20 25 30 35 40
min
Det.A220nm
Peak# ¢ Area Height Arca%
1 31.467 262585 8105 3.254
2 34514 7806116 201511 96.746
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5mi, condition : AD-3, 1.0 ml/min, Hex/IPA = 99:1, 254 nm

(g 1777A254nm
4 Qe
won
50
25
r T : r
0 5 10
min
I7A 254nm
| Peak# | Ret. Time Area Height Area%
1 5.057 304326 56919 9.803 |
2 5.283 306734 51038 50,197
) © 1777A 254nm|
] -
75+
50
25+
] S
R -
| J i
0 7
v T , ' -
0 5 10
min
777A 254nm
| Peak# Ret. Time Arca Height Arca%
| 5.116 532128 90950 96.795
2 5410 17617 2690 3,205
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5na, condition : OD-H, 0.2 ml/min, Hex/IPA = 99:1, 220 nm

uVv

35253

1250000

1000000—

750000~

500000

250000-

40.202

S

T T T [ T T T I T T T T | T T T T T T T T I T T 1PDA MU“I 1
0 10 20 30 40 50 60
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 35.253 54982983 1304743 49.833 53.154
2 40.202 55351598 1149913 50.167 46.846
Total 110334581 2454657 100.000 100.000
uVv -
1 &
q @
1 3
2500000~
2000000—
1500000~
1000000
500000~
1 &
] 8
0 ~A\ .
E T T T I T T T | T T T T ] T T T T T T T T | T T 1PDA MUIti 1
0 10 20 30 40 50 60
min
1 PDA Multi 1/220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 35.194 2653479 63524 1.475 2.288
2 39.934 177250523 2713050 98.525 97.712
Total 179904002 2776574 100.000 100.000
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50g, condition : AD-H, 0.5 ml/min, Hex/IPA = 90:10, 217 nm

1M AR Tnm
4 o =t
200 & ﬂ%
150
100
50
0 M J J &
—-T T
0 10 15 20 25 30
min
TA 2170m
|_Peak# Ret, Time Arca Height Arca %
1 27.660 6066860 224399 49,933
2 29.492 6083052 206259 50.067
2 1Det.A217nm|
-+
| O
1
2000
1000+
| o
Val
3
- -+
ol
0 —N
T T T T T T | A A
0 10 15 20 25 30
min
Det.A217nm
|_Peak# | Ret. Time Arca i )
1 24,959 1423033 42016 0.721
2 26,4461 195835080 2820710 99.279
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10ag, condition : OD-H, 1.0 ml/min, Hex/IPA = 60:40, 210 nm

4 al
20~ 2 1Det.A210nm
15 o
g
4 ol
a
10-
5_
) T T T T T ' L T L ' T Al T l T T T T l I T T Ll L
0 10 15 20 25 30 35
min
Det.A2 10nm
|_Peak# Ret. Time Arca Height Arca%
1 11.105 381004 20413 50.055
2 19.232 380165 11322 49,945
2000+ ] 1Det.A210nm|
] *
=
1500~
1000+
] )
5()()—_ g
| = J
JiN
LA A | | L I R L B T Y T
0 10 15 20 25 30 35
min
Det.A2 10nm
|_Peak# Ret. Time Arca Height Arca %
1 10,986 4716571 250462 6.040
2 18812 73372925 1966701 93.960

117



8L

fegr

20N /\/Ud

10

O i

?_ - +000 20167

7.2699
7.2676
7.2584
7.2481
7.2447
7.2344
7.2298
7.2264
7.2195
7.2161
7.2115
7.2081
7.1989
7.1955
7.1920
7.1851
7.1829
7.1806
7.1771
7.1348
7.1325
7.1290
7.1210
7.1153
7.1107
7.1061
7.0958
7.0924
7.0878

=876

8214
8077
7939

1.4865

—0.,0000




6L1

-
>
k. T (@)
= =
E.
=z
O
\S)
N
8
-
N
w
-
o
1 138.6519
_ / 137.6561
= 133.5294
- /1291825
fno.xus
- - ———128.9910
B 127.7941
. 127.5165
-
8 R
] /T mses
. 77.2106
P -€ 77.0000
76.7894
a_J
o ————48.2757
B
w

Wdd




10aj, condition : OD-H, 1.0 ml/min, Hex/IPA = 60:40, 210 nm

. o 1Det.A210nm
g =
: 3
3()—- =)
] &
4 ol
| ol
20+
10+
()_‘JMM J
——— - 7 — - -
0 10 15 20 25 35
min
Det.A210nm
|_Peak# | Ret, Time Arca Height Arca %
1 14,982 1024220 37184 50,180 |
2 22.960 1016881 24190 49.820
| = 1Det.A210nm
2000 v}
4 o«
r ol
1500
l()()()—-
500-] ©
1 &
| A
o JAN
——T— A e ey — e
0 10 15 20 25 35
min
Det.A210nm
|_Peak# Ret. Time Area Height )
| 14,906 4233693 157482 4.245
2 22.677 95501968 2063197 95.755
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10ak, condition : OD-H, 1.0 ml/min, Hex/IPA = 60:40, 210 nm

) 2 1Det. A210nm
~
=
] =
38
100~ =
| e
50
0
—T——r7T— T ———
0 10 15 20 25 30 35
min
Det.A210nm
Peak# | Ret, Time Arca Height Arca %
1 18,783 4953550 141964 49,974
2 29.657 4958709 89048 50.026
| S 1DetA210nm
Q
| 2
1000+
500
1 o~
1 5%
. =
G e
—T— T — T — -
0 10 15 20 25 30 35
min
Det.A2 10nm
|_Peak# Ret. Time Arca Height Arca%
1 18,553 977954 29362 1.241
2 29,020 77824551 1321852 98.759
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10bc, condition : OD-H, 1.0 ml/min, Hex/IPA = 50:50, 254 nm

: 2 1777A 254nm
: 0
7.5 |
' =
5.0 ]
’ b=
2.5
0.0+ J . L
——T T
0 5 10 15 20 25 30 35 40 45
min
T77A 254nm
|_Peak# | Ret, Time Area Height Arca%
1 17.660 276091 8321 50.172
2 34,277 274193 4123 49 828
150 @ 1Det.A254nm
I S
100
50
V)
~
g L)
0 e N
J
B e e e B B e e e e LA B e e s w s
0 10 15 20 25 30 35 40 45
min
Det.A 254nm
|_Peak# Ret. Time Area Height Arca%
1 19.773 6090752 146819 93915
2 37.285 394644 5047 6.085
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10cc, condition : OD-H, 1.0 ml/min, Hex/IPA = 60:40, 210 nm

] Q 1777A210nm
]
150+ ol
100+
] v
] &
1 &
50
A
—r 1 T L B B I B B B T T LA I T
0 10 15 20 25 30 35 40
min
T7A 210nm
|_Peak# Ret, Time Area Height Arca%
1 12.672 3491267 162235 49,810
2 34.365 3517955 56294 50.190
§ 9 1777A2100m)
] o
3000 s
2000+
1000+
] +
iy
] e
. J L 2
0 N
—r 1 T LA B I L B L I T L T T T
0 10 15 20 25 30 35 40
min
777A 210nm
|_Peak# | Ret. Time Area Height Arca%
1 13,283 81121184 3367499 92.569
2 36.254 6511643 98634 7.431
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10dc, condition : OD-H, 1.0 ml/min, Hex/IPA = 60:40, 210 nm

| b 1777A210nm|
| 50()—. :
1000 Q
] )
=)
500+
LA
T T v v T T T T T T v T T T
0 5 10 15 20
min
777A 210nm
|_Peak# Ret, Time Arca Height Arca%
1 5.654 13493426 1570824 9,774
2 9.573 13615920 817895 50.226
] ° 1777A210nm
b o
2()()()—_ i
1500-
1000
500~
E o)
] "
| L -
. N\
J
' T - - - - T : ! ' ' T - - - -
0 5 10 15 20
min
T1A 210nm
| Peak# Ret. Time Arca Height Arca%
1 5.676 19356830 | 2176812 91.139
2 9,553 1881911 113765 8.861 |

132



Be|

S|~

ot

eel

- - 1982 7.1210

- = 3.0875 39027 7.0386

= — 4.0076 7.0283

7 1.0000 4433

~ ] 1ooo7

VY
i
A
g

3 - —2.3099
- ——2.2091

: ="




el

Be|

g
>
I=
\
7
N
1=
o
-
N
w
-1 143.0467
&B— 140.6530
é 137.6178
137.3402
- 137.2444
129.2687
- fns.xs:u
128.4261
- =2~ 1273920
B \—127.2580
127.2292
127.1622
-
8 )
77.2106
“ 77.0000
@ 76.7894
61.0676
| g—
o
-
w

Wdd

21,4281
~——20.9685




11aa, condition : OD-H, 1.0 ml/min, Hex/IPA = 95:5, 254 nm

| 2 1777A254nm
§ i3]
40 = o
] 3
B o~
4 ol
3()'j
20-]
10
()_‘_'NMA—__A—A
—T———T T ——T—
0 10 15 20 25 30 35 40
min
I77A 254nm
|_Peak# | Ret, Time Area Height Arca% |
1 16.286 1579911 44945 49.905
2 23912 1585895 31519 50,095
8 - 1777A254nm|
150 =)
: a2
100
50
] >
1 3
0
——T T T
0 10 15 20 25 30 35 40
min
T1IA 254nm
|_Peak# Ret, Time Area Height Arca%
1 15,928 6007234 156834 99,196
2 24,187 48677 1016 0.804 |

135



ocl

dgeyy

=

1

ot
|

19344

=

s ey 1.0043
~ . 10000

Lt

8586
8472
8438

i
—< 2%

23671
2.2594
TTT2.1495

15963




LE1

geyr

o M
Ir=
\
73
N
o
o
-
~N
w
| _—162.7995
——161.1718
| 143.2574
137.5125
B 137.3976
137.2349
136.4785
. 136.4593
] 129.3261
—129.2878
/—129.0197
.| 128.9623
] 127.1526
127.1335
i __——115.3086
~~—115.1650
e
8 —
77.2106
o 77.0000
& 76.7894
60.4357
| g—
o
-
_—21.4376
— 20.9780
hd
2
o




11ag, condition : OD-H, 1.0 ml/min, Hex/IPA = 95:5, 254 nm

] =3 1Det.A254nm
)
l()()—_ S >
i o O
ol
75
50
25
(}- "\ L . J J
e e e e e LA S e e e e e e e e e e e e e e e e e e S e T LA e e e
0 5 10 15 20 25 30 35 40 45 50
min
Det.A254nm
|_Peak# | ime cil Height Arca% |
| 21.079 5529907 104154 49,921
2 26916 5547462 85052 50,079
R g 1Det.A254nm
] ]
] 8
200
100
4 ol
il
-+
c A I\
L e e e e S S B e e e e e e e S S ST L e e s e e e  w
0 5 10 15 20 25 30 35 40 45 50
min
Det.A254nm
|_Peak# Ret. Time Arca ig
1 20,546 14700259 255067 99,227
2 27.452 114550 1883 0,773
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11ba, condition : OD-H, 1.0 ml/min, Hex/IPA = 95:5, 254 nm

] = 1777A 254nm|
R =)
S
50+ A
| 3
| o
25+
0 A he I\ J
r~—rrf1rrrr|rrrrryrrrrrr[rrrrr[+r¢rrr[|°rr°r[ T
0 5 10 15 20 25 30 35 40 45 50
min
777A 254nm
Peak# | Ret. Time Area Height Arca%
1 26921 3964277 57798 49,931
2 41.985 3975310 40306 50.069
‘ = 1777A254nm
754 a
| ©
ol
50+
25+
] %2
b
| | :
0 A
e s e e e e LI A e e e e
0 5 10 15 20 25 30 35 40 45 50
min
777A 254nm
|Peak# Ret. Time Arca Height Arca%
1 26.201 5274539 77653 99,231
2 41.838 40864 500 0.769
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11ca, condition : OD-H, 1.0 ml/min, Hex/IPA = 95:5, 220 nm

“M00000

'
33.893
39415

1 PDA Multi 1/220nm 4nm

PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 33.893 1276422 17289 50.323 53.819
2 39.415 1260049 14836 49.677 46.181
Total 2536471 32125 100.000 100.000
200000
150000—
100000~ g
1 8
50000
| ~
i 2
i 8 )
0— T L B L B R S L B T T T
0 10 20 30 40 50 60
min
1 PDA Multi 1 /220nm 4nm
PeakTable
PDA Ch1 220nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 33.937 89188 1286 1.373 1.706
2 39.439 6407565 74099 98.627 98.294
Total 6496753 75385 100.000 100.000
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11da, condition : OD-H, 1.0 ml/min, Hex/IPA = 90:10, 210 nm

150 Q 1777A210nm|
J “
& -
| 8
| &
100
50
()_—L_A.}‘-\_/L e
—Trrr——T——r—r—r— T T
0 5 10 15 20 25 30 35 40
min
777A 210nm
|__Peak# Ret. Time Area Height | )
1 19,323 7513210 1 48882 49912
2 25.701 7539670 107358 50,088 |
= 1777A210nm
-+
-+
] 1
2000+
1000+
’ r~
p! J
a
0 A P
-+ r 1 T+ " T rTrrTrrrrrrrrrrrr T T
0 5 10 15 20 25 30 35 40
min
777A 210nm
|_Peak# Ret. Time Area Height | )
1 19,257 2334496 46076 1016
2 24417 227498991 2808571 98.984
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11ea, condition : OD-H, 1.0 ml/min, Hex/IPA = 95:5, 254 nm

) "7
100 ; E 1777A 254 nm|
] o %
(o] ol
50
0 A ,)
——T T
0 5 10 15 20 25 30 35 40
min
777A 254nm
|_Peak# Ret. Time ¢l Height Arca%
1 20,378 5521297 102222 49,904
2 28.197 5542584 87815 50.096
= 1777A 254nm
] =
400—_ -
300
200
100~
| =
1 =+
1 A
0 ————
T oo T T T
0 5 10 15 20 25 30 35 40
min
1A 254nm
Peak# | Ret. Time Area Height Arca%
| 19,971 25216974 454005 98.685 |
2 28,410 336007 5935 1.315
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