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1. Supplementary Methods

General Information

General: Reported melting points were uncorrected. Optical rotations were measured on a JASCO P-1030
digital polarimeter with a sodium lamp (589 nm). Infrared (IR) spectra were recorded on a JASCO
FT/IR-5300 spectrophotometer and absorbance bands are reported in wave numbers (cm™). NMR spectra
were recorded on JEOL JNM-ECP400 spectrometers operating at 399.78 MHz for 'H NMR and 100.53 MHz
for C NMR, JEOL JINM-ECS400 spectrometers operating at 391.78 MHz for '"H NMR and 98.52 MHz for
C NMR, JOEL JNM-ECX400 spectrometers, operating at 395.88 MHz for 'H NMR and 99.55 MHz for °C
NMR, and INM-ECA500 spectrometers, operating at 500.16 MHz for '"H NMR and 125.77 MHz for "°C
NMR and 470.54 MHz for "’F NMR. Chemical shifts were reported in the scale relative to TMS (0.00 ppm
for '"H NMR), CHCl; (7.26 ppm for '"H NMR), CH;0H (3.34 ppm for 'H NMR), CDCl; (77.0 ppm for °C
NMR), C¢Fg (-164.9 ppm for O NMR), C¢HsCF; (—63.72 ppm for Y NMR) as an internal reference,
respectively. ESI mass spectra were measured on JEOL JMS-T100LCP spectrometer. Column
chromatography was performed with silica gel Kanto Silica gel 60 N (40-50 mesh) or Yamazen YFLC
AI-580 using Universal Column SiOH. TLC analysis was carried out on Merck Kieselgel 60 Fs4 plates with
visualization by UV light, anisaldehyde stain solution or phosphomolybdic acid stain solution. Gel
permeation chromatography (GPC) was performed with YMC LC-forte/R using CHCI3 as an eluent.
Chiral HPLC analysis was performed on a JASCO PU-2080 intelligent HPLC pump with JASCO MD-4017
intelligent UV/VIS detector using DAICEL Chiralpak IA, IB, ID, IE and AD-H columns (0.46 cm x 25 cm).

Materials: 1,2-dichloroethane (CaH,) was distilled from CaH,, purged with argon for over 30 min, and
stored over activated molecular sieves 4A under argon atmosphere before use. Commercially available
toluene, THF, CH,Cl,, MeOH (Wako Ltd., deoxidized grade) and Et,0O, acetone (KANTO Chemical Co.,
Inc., dehydrated grade) were used without further manipulation unless otherwise stated. All other reagents

were commercially available and used as received.



A. Preparation of Cp*Rh-BINSate Catalysts

A-1. Preparation of (5)-6,6’-Br,-BINSA 1b

(5)-6,6’-Br,-BINSA (1b) was synthesized as shown in Scheme SI-1 according to procedures reported in the

literatures. ">
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($)-0,0’-[6,6’-dibromo-(1,1’-binaphthalene)-2,2’-diyl] bis(dimethylcarbamothioate) (SI-2)

Br s To a solution of 6,6’-dibromo BINOL (SI-1, 2.66 g, 6.0 mmol) in DMF (12 mL)
OO OJ\NMGZ was added NaH (960 mg, 24.0 mmol, 60% oil dispersion) at 0 °C. The reaction
o
T
S

l ' NMe,
Br

mmol), and the solution was stirred at 85 °C for 12 h. The reaction mixture was cooled to room temperature,

mixture was immediately warmed to room temperature, and stirred for 30 min. To

the resulting solution was added N,N-dimethylthiocarbamoyl chloride (3.3 g, 24

and poured into 1% aqueous KOH (50 mL). The colorless precipitates were filtered, washed with water, and
dissolved in CH,Cl,. The solution was washed brine, dried (Na,SO,), and evaporated. The residue was
purified by silica gel column chromatography (hexane/AcOEt = 9:1 to 3:1) to give SI-2 (3.42 g, 92%).
Colorless solid. "H NMR (500 MHz, CDCLs): & 2.64 (s, 6H), 3.12 (s, 6H), 7.25 (d, J = 8.8 Hz, 2H), 7.36 (dd,
J=8.8, 1.9 Hz, 2H), 7.61 (d, J = 9.2 Hz, 2H), 7.87 (d, J = 9.2 Hz, 2H), 8.07 (d, J = 1.9 Hz, 2H). *C NMR
(125 MHz, CDCl;): & 38.2, 42.9, 120.0, 123.7, 124.8, 127.6, 128.5, 129.80, 129.84, 131.7, 132.5, 149.7,
185.9. [o]p"=—76.1 (c 0.97, CHCls). HRMS (ESI): m/z Calcd for Co6H,,0,N,Br,S;Na" [M+Na']: 638.9382,
found: 638.9391.

(8)-$,8’-[6,6’-dibromo-(1,1’-binaphthalene)-2,2’-diyl] bis(dimethylcarbamothioate) (SI-3)

Br o A solution of SI-2 (1.23 g, 2.0 mmol) in 1,2,4-trichlorobenzene (10 mL) was
OO SJ\NMQQ refluxed at 230 °C for 15 h with stirring. The reaction mixture was cooled to room
S NM
bl
(¢]

OO )
Br

Colorless solid. '"H NMR (500 MHz, CDCls): 8 2.74 (brs, 6H), 2.85 (brs, 6H), 6.93 (d, J=9.2 Hz, 2H), 7.30
(dd, J = 9.2, 2.0 Hz, 2H), 7.80 (d, J = 9.0 Hz, 2H), 7.88 (d, J = 9.0 Hz, 2H), 8.07 (d, J = 2.0 Hz, 2H). ®*C
NMR (125 MHz, CDCl;): & 36.8, 121.1, 127.3, 128.5, 129.1, 129.87, 129.91, 131.5, 134.3, 140.4, 165.6.
[o]p'’= —10.7 (c 0.99, CHCl;). HRMS (ESI): m/z Calcd for CasH,,0,N,Br,S;Na” [M+Na']: 638.9382,
found: 638.9393.

temperature, and directly purified by silica gel column chromatography

(hexane/AcOEt = 7:1 to 1:1) to give SI-3 (756 mg, 60%).



(8)-6,6’-dibromo-(1,1’-binaphthalene)-2,2’-disulfonic acid (1b)

Br A performic acid solution was prepared by mixing and stirring 30% H,0, (3.5 mL, 36
OO soq+ mmol) and formic acid (35 mL) at room temperature for 30 min. To this solution was
OO % added SI-3 (618 mg, 1.0 mmol) in CH,Cl, (35 mL) dropwise. After stirring at room

temperature for 10 h, MnO, (17.4 mg, 0.2 mmol) was added, and the mixture was
stirred at room temperature for further 6 h until the peroxides were completely decomposed (checked by KI
starch paper). The reaction mixture was filtered through a plug of Celite, and washed with CH,Cl,. The
filtrate was concentrated in vacuo to furnish the crude product, which was subjected to silica gel column
chromatography (CH,Cl,/MeOH = 4:1). The obtained salts of 1b was dissolved in water and passed through
a cation exchange column (200 cm’, Amberlite IR120H ion-exchange resin from Aldrich). The eluent was
concentrated in vacuo. The residue was dissolved in H,O, and passed again through a cation exchange
column. The filtrate was concentrated in vacuo to afford 1b (570 mg, 99%).
Red solid. '"H NMR (500 MHz, CD;0D): § 6.93 (d, J = 9.2 Hz, 2H), 7.35 (d, J = 9.2 Hz, 2H), 8.02 (d, J =
9.2 Hz, 2H), 8.16 (s, 2H), 8.19 (d, J = 9.2 Hz, 2H). ®C NMR (125 MHz, CD;0D): § 122.5, 127.0, 128.7,
130.8, 130.9, 131.0, 133.2, 134.9, 136.5, 141.4. [a]p'’ = 13.3 (c 1.11, CH;0H). HRMS (ESI): m/z Calcd for
C20H1106S,Br;” [M-H]: 568.8369, found: 568.8369.

A-2. Synthesis of [Cp*RhL][(S5)-6,6’-BINSate] 2a*
OO 1. Ag,COg3 (1.1 equiv.)
SOzH EtOH (0.1 M), rt, 12 h [Cp*RhL,]
~ SOH 2 [Cp*RNCIyl, (0.48 equiv)  [(S)-BINSate]
CHZCN (0.1 M), 1t, 24 h
I .

80%
(S)-BINSA (1a)

To a stirred solution of (S)-BINSA 1a (107 mg, 0.25 mmol) in EtOH (2.5 mL) was added Ag,CO; (75.8 mg,
0.275 mmol) at room temperature. After stirring for 12 h in dark, the reaction mixture was filtered through a
Celite pad, and washed with MeOH/CH;CN (1:1). The filtrate was evaporated in vacuo to furnish
Agy-(S)-BINSate (152 mg, 96%) as a colorless solid, which was directly used for the next step without
purification. To a flame-dried Schlenk flask were added [Cp*RhCl,], (71.7 mg, 0.116 mmol),
Agy-(S)-BINSate (152 mg, 0.24 mmol), CH;CN (2.5 mL) in a glovebox. The flask was taken out of the
glovebox, and the mixture was stirred at room temperature under argon atmosphere. After 24 h, the resulting
precipitates were removed by filtration through a Celite pad, and washed with CH;CN. The filtrate was
concentrated in vacuo, and the residue was dissolved in CH;CN (1 mL). To this solution was added Et,O
dropwise, and the resulting orange precipitates were collected by filtration, washed with Et,0, and dried in
vacuo to afford [Cp*RhLy\][(S)-BINSate] 2a (138 mg, 80% as dihydrate).

Orange-solid. IR (KBr): v 3399, 3234, 3060, 1626, 1590, 1563, 1504, 1454, 1376, 1307, 1257, 1132, 1063,
1015, 943, 872, 818, 776, 752, 701, 686, 660, 603 cm™'. "H NMR (400 MHz, CDCL3): § 1.56 (s, 15H), 6.97



(d, J= 8.1 Hz, 2H), 7.22 (dd, J = 8.1, 8.1 Hz, 2H), 7.46 (dd, J = 8.1, 8.1 Hz, 2H), 7.86 (d, J = 8.1 Hz, 2H),
7.99 (d, J = 8.8 Hz, 2H), 8.13 (d, J = 8.8 Hz, 2H). *C NMR (100 MHz, CDCls): § 8.7, 92.9 (d, 'Jepy= 11.4
Hz), 123.6, 127.1, 127.5, 127.6, 127.8, 128.4, 133.0, 133.5, 133.9, 139.6. Anal. Calcd for C3Hs OsRhS,
(dihydrate): C, 52.48; H, 4.55. Found: C, 51.88; H, 4.03, N, <0.30.

A-3 Synthesis of [Cp*RhL][(5)-6,6’-Br,-BINSate] 2b*

Br
1. Ag,COg3 (2.0 equiv.)
CH,CI,/CH;CN (0.05 M)
SOzH

40°C,24h «  [Cp*RhL,]

SOgH 2. [Cp*RhCly), (0.4 equiv.) [(5)-6.,6'-BryBINSate]
OO CHLCN (0.1 M), t, 48 h 2
68%

(8)-6,6-Br,-BINSA (1b)

Br

To a stirred solution of (5)-6,6’-Br,-BINSA 1b (114 mg, 0.20 mmol) in CH,CI,/CH;CN (1:1, 4 mL) was
added Ag,CO; (110 mg, 0.40 mmol) at 40 °C. After stirring for 24 h in dark, the reaction mixture was
filtered through a Celite pad, and washed with CH,Cl,/CH3CN (1:1). The filtrate was evaporated in vacuo to
furnish Ag,-(5)-6,6’-Br,-BINSate (142 mg, 90%) as an orange solid, which was directly used for the next
step without purification. To a flame-dried Schlenk flask were added [Cp*RhCL;], (50 mg, 0.081 mmol),
Agy-(5)-6,6’-Br,-BINSate (142 mg, 0.18 mmol), CH;CN (1.8 mL) in a glovebox. The flask was taken out of
the glovebox, and the mixture was stirred at room temperature and under argon atmosphere. After 48 h, the
resulting precipitates were removed by filtration through a Celite pad and washed with CH3;CN. The filtrate
was concentrated in vacuo and the residue was dissolved in CH;CN (1 mL). To this solution was added Et,O
dropwise, and the resulting orange precipitates were collected by filtration, washed with Et,0, and dried in
vacuo to afford [Cp*RhLy\][(S)-6,6’-Br,-BINSate] 2b (115 mg, 68% as dihydrate).

Orange solid. IR (KBr): v 3067, 1608, 1558, 1487, 1450, 1247, 1169, 1140, 1078, 1060, 1020, 876, 806, 718,
697, 680, 668, 623, 608 cm'. "H NMR (500 MHz, CDCl3): 8 1.54 (s, 15H), 6.80 (d, J = 9.2 Hz, 2H), 7.29
(dd, J=9.2, 1.7 Hz, 2 H), 7.91 (d, J = 8.6 Hz, 2H), 8.05 (d, J = 1.7 Hz, 2H), 8.15 (d, J = 8.6 Hz, 2H). *C
NMR (100 MHz, CDCL): § 8.7, 93.1 (d, 'Jegn= 10.5 Hz), 122.3, 124.9, 127.7, 129.4, 129.9, 130.7, 131.4,
133.1, 135.1, 140.1. Anal. Calcd for C;oH,9Br,OgRhS, (dihydrate): C, 42.67; H, 3.46. Found: C, 42.48; H,
3.04; N, <0.30.

Synthesis of [Cp*RhLN][(R)-3,3’-Ph,-BINSate] 2¢

Ph

1. AgoCO3 (2.0 equiv.)
CH,CI,/CH;CN (0.05 M)
SOzH

40°C,16 h [Cp*RhL,]

SOH 2.[Cp*RhClyl, (0.4 equiv)  L(A)-3,3-Phy-BINSate]
OO CH4CN (0.1 M), rt, 24 h 2
C
Ph 70%

(R)-3,3-Phy-BINSA (1¢)

Following the procedure A-3., (R)-3,3’-Ph,-BINSA 1¢” (32.4 mg, 57 umol), Ag,CO; (30.3 mg, 110 umol),
and CH,Cl,/CH;CN (1:1) were stirred at 40 °C for 16 h in dark. The reaction mixture was filtered and



evaporated in vacuo to furnish Ag,-3,3’-Ph,-BINSate (38.6 mg, 87%) as an colorless solid, which was
directly used for the next step without purification. Ag,-3,3’-Ph,-BINSate (38.6 mg, 50 umol), [Cp*RhCl,]»
(13.6 mg, 22 umol) and CH3;CN (1 mL) were stirred at room temperature for 24 h. The reaction mixture was
filtered and concentrated in vacuo. The filterate was further dried in vacuo at 40 °C to afford
[Cp*RhLy][(R)-3,3’-Ph,-BINSate] 2¢ (33.5 mg, 70% as dihydrate) without recrystallization.

Orange solid. '"H NMR (400 MHz, CDCl;): § 1.47 (s, 15H), 7.01 (d, J = 8.1 Hz, 2H), 7.22-7.26 (m, 2H),
7.37-7.48 (m, 8H), 7.70 (d, J = 6.7 Hz, 4H), 7.79 (d, J = 6.7 Hz, 4H). Anal. Calcd for C4,H3903RhS;
(dihydrate): C, 60.14; H, 4.69. Found: C, 59.84; H, 4.33; N, <0.30. No assignable BC NMR spectrum was

obtained because 1¢ was scarcely soluble in non-polar solvents and coordinatively unstable in polar solvents.

B. Preparation of Substrates

B-1. Structures of substrates

%“ E“ % Em {588

3e 3f

ref 6) (ref 8) ref 8) (ref. 9) (ref. 9)
(ref 6) (ref 6)
; MeO,C [ /g
30
(ref 6) (ref 9) (ref 9) (ref 9) ref 9) ref 10

/\)I\/ /\)I\/\/ /\)]\/\ /\)I\/\o'rss Ph/\/\)l\

(et 1) (ot 12) (et 19 (et 14
2-Phenylpyridine 3a and (£)-4-hexen-3-one 4a are commercially available. Other 2-phenylpyridine
derivatives 3b-p were synthesized using general procedure (B-2.) as described in the literature.’ 4b-e were
synthesized according to a procedure reported in the literature.” The 'H NMR spectra of known compounds

were matched those reported in the literatures.* *'*

B-2. Preparation of 2-phenylpyridine derivatives’

2-Phenylpyridine derivatives 3b-p were synthesized according to the following procedure.® A mixture of
2-chloropyridine (1 mmol), the corresponding arylboronic acid (2 mmol), Pd(OAc), (11.2 mg, 5 mol %), and
K;5POy4 (650 mg, 3 mmol) in iPrOH/H,0O (1:1, 4 mL) was stirred at 80 °C overnight. The mixture was poured



into brine and extracted with AcOEt. The organic layer was dried over Na,SO4 and evaporated. The crude

product was purified by silica gel column chromatography.

Methyl 3-(4-methylpyridin-2-yl)benzoate (30)

Me

x Colorless oil (264 mg, 58% yield). TLC: Ry= 0.41 (hexane/AcOEt = 3:1). "H NMR (500

_N

| MHz, CDCls): § 2.40 (s, 3H), 3.94 (s, 3H), 7.07 (d, J = 4.6 Hz, 1H), 7.53 (dd, J = 8.0, 8.0 Hz,

1H), 7.59 (s, 1H), 8.07 (ddd, J = 8.0, 1.7, 1.7 Hz, 1H), 8.22 (ddd, J = 8.0, 1.7, 1.7 Hz, 1H),

R 8.55 (d, J= 4.6 Hz, 1H), 8.62 (dd, J= 1.7, 1.7 Hz, 1H). *C NMR (125 MHz, CDCl;): § 21.0,
52.0, 121.4, 123.4, 127.8, 128.7, 129.7, 130.4, 131.2, 139.6, 147.8, 149.4, 156.0, 166.8. HRMS (ESI): m/z

caled for C14H,;4,0,N" [M+H]: 228.1019, found: 228.1020.

Methyl 3-(5-methylpyridin-2-yl)benzoate (3p)

Me Colorless solid (195 mg, 43% yield). TLC: Ry = 0.47 (hexane/AcOEt 3:1). "H NMR (500

rN MHz, CDCls): 8 2.36 (s, 3H), 3.94 (s, 3H), 7.53 (dd, J= 7.4, 7.4 Hz, 1H), 7.56 (dd, J = 7.7,
1.7 Hz, 1H), 7.67 (d, J= 7.7 Hz, 1H), 8.06 (ddd, /= 7.4, 1.7, 1.7 Hz, 1H), 8.20 (ddd, J = 7.4,
1.7, 1.7 Hz, 1H), 8.53 (s, 1H), 8.62 (dd, J = 1.7, 1.7 Hz, 1H). ®C NMR (125 MHz, CDCl;): 8
18.1, 52.0, 119.9, 127.6, 128.7, 129.5, 130.5, 131.0, 132.0, 137.3, 139.6, 150.1, 153.5, 166.9.

HRMS (ESI): m/z calcd for C14H ;0N [M+H]: 228.1019, found: 228.1020.

MeO,C
3p

C. Asymmetric Conjugate Addition of 2-Phenylpyridines

C-1. Optimization of reaction conditions (Table 1)

To a dried screw-capped vial were added 2a or 2b (2.5 umol, 5 mol %), MS3A (0 or 2 mg), solvent (0.25
mL) under argon atmosphere in a glovebox. To the resulting mixture were successively added
2-phenylpyridine (3a) (8.6 uL, 0.060 mmol), an additive (0 or 0.01 mmol), and enone 4a (5.5 uL, 0.050
mmol). The vial was capped, taken out of the glovebox, and the mixture was heated at 35 °C with stirring
under argon atmosphere for 16-18 h. The resulting mixture was filtered through a short silica gel pad, and
washed with AcOEt. The filtrate was concentrated to afford the crude mixture. Dibenzyl ether (internal
standard, ca. 10 mg, precisely weighted in each reaction) and CDCl; were added to the crude mixture, and
the yield of 5aa was determined by 'H NMR analysis. An aliquot of the crude mixture was purified by
preparative TLC, and the enantiomeric ratio of 5aa was determined by HPLC analysis (Chiralpak ID,

hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm). The results are summarized in Table 1.



C-2. General procedure of asymmetric conjugate addition via C—H activation (Table 2)

N
R2—
{__N
Z 2b (5 mol %)
| i i [
. RS __ R4 2-methylquinoline (20 mol AL

a2 \/\ﬂ/ DCE (0.2 M), MS3A, 35 °C

X (¢]

3a-p 4a-e

To a dried screw-capped vial were added 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), and DCE (0.5 mL)
under argon atmosphere in a glovebox. To the resulting mixture were successively added 2-phenylpyridine
derivative 3 (0.10 mmol), 2-methylquinoline (2.7 uL, 0.02 mmol, 20 mol %), and enone 4 (0.11 or 0.13
mmol). The vial was capped, taken out of the glovebox, and the mixture was heated at 35 °C with stirring
under argon atmosphere. Upon completion, as judged by TLC analysis of the reaction mixture, the reaction

mixture was directly purified by silica gel column chromatography to afford the desired product 5.

C-3. Characterization of products 5

(S)-5-[2-(pyridin-2-yl)phenyl]hexan-3-one (5aa)

X Following the general procedure (C-2.), 2-phenylpyridine 3a (14.4 uL, 0.10 mmol),

~N

e o enone 4a (12.6 ulL, 0.11 mmol), 2b (4.3 mg, 5 wmol, 5 mol %), MS3A (4 mg),

2-methylquinoline (2.7 puL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 48 h,
5aa and the mixture was purified by silica gel column chromatography (hexane/AcOEt = 6:1
to 3:1) to afford Saa (22.8 mg, 93%w/w purity, 84% yield, 91:9 er), which was further purified by GPC.
Colorless oil. TLC: R;= 0.38 (hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): 8 0.95 (t, J= 7.5 Hz, 3H),
1.20 (d, J=6.8 Hz, 3H), 2.27 (q, J = 7.5 Hz, 2H), 2.54 (dd, J = 15.9, 9.1 Hz, 1H), 2.83 (dd, /= 15.9, 5.4 Hz,
1H), 3.52-3.63 (m, 1H), 7.23-7.29 (m, 2H), 7.32 (dd, J = 6.8, 0.9 Hz, 1H), 7.33-7.41 (m, 2H), 7.43 (dd, J =
7.7,0.9 Hz, 1H), 7.76 (ddd, J= 7.7, 7.7, 1.8 Hz, 1H), 8.65-8.69 (m, 1H). *C NMR (100 MHz, CDCl;): § 7.7,
21.7, 30.7, 36.0, 50.8, 121.8, 124.3, 125.9, 126.0, 128.6, 129.9, 136.2, 140.0, 144.1, 149.1, 160.0, 210.4.
HRMS (ESI): m/z caled for Cj7H,ON' [M+H']: 254.1539, found: 254.1543. [a]p'” = 18.9 (¢ = 0.72, CHCL,).
HPLC: 91:9 er. (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 6.6 min, tg (minor) =
7.4 min).

(8)-5-[4-methyl-2-(pyridin-2-yl)phenyl]hexan-3-one (Sba)
X Following the general procedure (C-2.), 3b (15.6 uL, 0.10 mmol), enone 4a (14.9
Yo o uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline
(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 36 h, and the
5ba

mixture was purified by silica gel column chromatography (hexane/AcOEt = 4:1 to

3:2) to afford 5ba (23.7 mg, 89% yield, 90:10 er): Pale yellow oil. TLC: Ry= 0.31 (hexane/AcOEt = 3:1). 'H



NMR (500 MHz, CDCLs): § 0.94 (t, J = 7.4 Hz, 3H), 1.18 (d, J = 6.9 Hz, 3H), 2.26 (q, J = 7.4 Hz, 2H), 2.35
(s, 3H), 2.53 (dd, J = 16.0, 8.6 Hz, 1H), 2.80 (dd, J = 16.0, 5.7 Hz, 1H), 3.47-3.56 (m, 1H), 7.14 (s, 1H), 7.19
(d, J=8.0 Hz, 1H), 7.22-7.29 (m, 3H), 7.44 (d, J= 7.7 Hz, 1H), 7.77 (ddd, J= 7.7, 7.7, 1.7 Hz, 1H), 8.68 (d,
J=4.6 Hz, 1H). ®C NMR (125 MHz, CDCly): § 7.7, 20.8, 21.8, 30.4, 36.0, 50.8, 121.7, 124.2, 125.8, 129.3,
130.5, 135.4, 136.1, 139.8, 141.0, 149.0, 160.0, 210.5. HRMS (ESI): m/z caled for C;sHpON™ [M+H']:
268.1696, found: 268.1696. [a]p>> = 19.0 (¢ = 0.99, CHCls). HPLC: 90:10 er (Chiralpak ID, hexane/i-PrOH

=9:1, 1.0 mL/min, 254 nm, tg (major) = 6.5 min, tg (minor) = 7.7 min).

(8)-5-[4-methoxy-2-(pyridin-2-yl)phenyl]hexan-3-one (5ca)
X Following the general procedure (C-2.), 3¢ (15.8 uL, 0.10 mmol), enone 4a (14.9

N
Z5 M

|
=9 uL, 0.13 mmol), 2b (4.3 mg, 5 wumol, 5 mol %), MS3A (4 mg), 2-methylquinoline

(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the

MeO
5ca

mixture was purified by silica gel column chromatography (hexane/AcOEt = 3:1 to
1:1) to afford 5ca (26.6 mg, 89% yield, 90:10 er). Colorless oil. TLC: R, = 0.38 (hexane/AcOEt = 3:1). 'H
NMR (400 MHz, CDCls): 6 0.94 (t, J= 7.3 Hz, 3H), 1.17 (d, J= 7.0 Hz, 3H), 2.26 (q, J = 7.3 Hz, 2H), 2.52
(dd, J=16.1, 8.4 Hz, 1H), 2.79 (dd, J = 16.1, 5.9 Hz, 1H), 3.41-3.51 (m, 1H), 3.81 (s, 3H), 6.86 (d, J=2.9
Hz, 1H), 6.95 (dd, J = 8.4, 2.9 Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 7.31 (dd, /= 7.7, 5.1 Hz, 1H), 747 (d, J =
7.7 Hz, 1H), 7.80 (ddd, J = 7.7, 7.7, 1.5 Hz, 1H), 8.69 (d, J = 5.1 Hz, 1H). ®C NMR (100 MHz, CDCL): §
7.7,22.0, 30.2, 36.1, 50.9, 55.3, 114.6, 114.9, 121.9, 124.3, 127.0, 136.2, 136.4, 140.8, 149.0, 157.4, 159.6,
210.6. HRMS (ESI): m/z caled for CsH»O,N" [M+H']: 284.1645, found: 284.1646. [a]p™> = 19.0 (c = 0.87,
CHCIl;). HPLC: 90:10 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 9.7 min, tg

(minor) = 14.4 min).

(8)-5-[4-chloro-2-(pyridine-2-yl)phenyl|hexan-3-one (5da)
X Following the general procedure (C-2.), 3d (15.0 uL, 0.10 mmol), enone 4a (14.9 uL,
9 0.13 mmol), 2b (4.3 mg, 5 wmol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 uL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 60 h, and the mixture was

Cl
5da

purified by silica gel column chromatography (hexane/AcOEt = 4:1 to 3:2) to afford
Sda (25.5 mg, 89% yield, 92:8 er). Colorless oil. TLC: R,= 0.30 (hexane/AcOEt = 3:1). "H NMR (500 MHz,
CDCl3): 6 0.95 (t, J= 7.3 Hz, 3H), 1.17 (d, J= 6.9 Hz, 3H), 2.27 (q, J = 7.3 Hz, 2H), 2.53 (dd, J = 16.0, 8.6
Hz, 1H), 2.79 (dd, J = 16.0, 5.7 Hz, 1H), 3.49-3.58 (m, 1H), 7.28-7.32 (m, 3H), 7.34 (dd, J = 8.0, 2.3 Hz,
1H), 7.43 (d, J= 7.4 Hz, 1H), 7.78 (ddd, J = 7.4, 7.4, 1.7, 1H), 8.67 (d, J= 4.0 Hz, 1H). *C NMR (100 MHz,
CDCl,): 6 7.7, 21.8, 30.3, 36.1 50.5, 122.3, 124.3, 127.5, 128.6, 129.8, 131.5, 136.5, 141.6, 142.7, 149.3,
158.5, 210.0. HRMS (ESI): m/z calcd for C,7H;,ONCI" [M+H"]: 288.1150, found: 288.1151. [a]p>' = 15.8
(c = 0.73, CHCI3), HPLC: 92:8 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) =



6.5 min, tg (minor) = 8.7 min).

(S)-5-[2-(pyridin-2-yl)-4-(trifluoromethyl)phenyl|hexan-3-one (Sea)
A Following the general procedure (C-2.), 3e (17.4 uL, 0.10 mmol), enone 4a (14.9

2N 1

|
e 0 uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline

(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 84 h, and the
F3C

Sea mixture was purified by silica gel column chromatography (hexane/AcOEt = 9:1 to

7:3) to afford the mixture of Sea (21.0 mg, 95%w/w purity, 62% yield, 93:7 er), which was further purified
by GPC. Colorless oil. TLC: Ry= 0.36 (hexane/AcOEt = 3:1). "H NMR (500 MHz, CDCL3): & 0.96 (t, J =
7.2 Hz, 3H), 1.21 (d, /= 6.9 Hz, 3H), 2.30 (g, /= 7.2 Hz, 2H), 2.58 (dd, J = 16.5, 8.6 Hz, 1H), 2.85 (dd, J =
16.5, 6.0 Hz, 1H), 3.58-3.67 (m, 1H), 7.32 (dd, /= 7.4, 5.4, 1.5 Hz, 1H), 7.46 (d, /= 8.0 Hz, 1H), 7.48 (d, J
= 8.0 Hz, 1H), 7.59 (s, 1H), 7.62 (d, /= 7.4 Hz, 1H), 7.81 (ddd, J= 7.4, 7.4, 1.5 Hz, 1H), 8.69 (d, /= 5.4 Hz,
1H). *C NMR (125 MHz, CDCls): § 7.6, 21.6, 30.7, 36.1, 50.2, 122.4, 124.1 (q, 'Jer = 272.3 Hz), 124.3,
125.2 (q, *Jer = 4.9 Hz), 126.5, 126.8 (q, *Jcr = 3.6 Hz), 128.3 (q, *Jor = 32.4 Hz), 136.5, 140.6, 148.4, 149.3,
158.6, 209.7. F NMR (470 MHz, CDCl;): & —63.4. HRMS (ESI): m/z calcd for CisH;gONF;" [M+H']:
322.1413, found: 322.1419. [OL]D24 =9.1 (c =0.61, CHCl;). HPLC: 93:7 er (Chiralpak ID, hexane/i-PrOH =

9:1, 1.0 mL/min, 254 nm, tg (major) = 4.8 min, tg (minor) = 5.3 min).

Methyl (5)-4-(4-oxohexan-2-yl)-3-(pyridin-2-yl)benzoate (5fa)

| AN Following the general procedure (C-2.), 3f (21.3 mg, 0.10 mmol), enone 4a (14.9

=N u

°Q uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline
(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the

MeO,C

Sfa mixture was purified by silica gel column chromatography (hexane/AcOEt = 4:1 to

3:2) to afford 5fa (22.1 mg, 71% yield, 93:7 er). Pale yellow oil. TLC: R,= 0.21 (hexane/AcOEt = 3:1). 'H
NMR (400 MHz, CDCls): 6 0.95 (t, J = 7.3 Hz, 3H), 1.22 (d, J = 7.0 Hz, 3H), 2.28 (q, J = 7.3 Hz, 2H), 2.57
(dd, J=16.2, 8.2 Hz, 1H), 2.85 (dd, J = 16.2, 5.9 Hz, 1H), 3.58-3.68 (m, 1H), 3.90 (s, 3H), 7.31 (ddd, J=7.7,
4.8, 1.1 Hz, 1H), 7.43 (d, /= 8.1 Hz, 1H), 7.48 (d, J= 7.7 Hz, 1H), 7.81 (ddd, J= 7.7, 7.7, 1.5 Hz, 1H), 8.00
(d, J= 1.8 Hz, 1H), 8.04 (dd, J = 8.1, 1.8 Hz, 1H), 8.68 (d, J = 4.8 Hz, 1H). ®C NMR (125 MHz, CDCl;): §
7.6, 21.6, 30.9, 36.1, 50.3, 52.0, 122.2, 124.4, 126.2, 127.9, 129.7, 131.2, 136.6, 140.1, 149.0, 149.7, 158.9,
166.7, 209.8. HRMS (ESI): m/z caled for CoH,,05N" [M+H"]: 312.1594, found: 312.1597. [a]p>> = 18.2 (c
= 0.82, CHCl3). HPLC: 93:7 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 17.2

min, tg (minor) = 24.2 min).



(8)-5-[S-methyl-2-(pyridin-2-yl)phenyl]hexan-3-one (5ga)

| Following the general procedure (C-2.), 3g (15.6 uL, 0.10 mmol), enone 4a (12.6 uL,

N
Z" Me o

0.11 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 pL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the crude mixture was

Me Soa purified by silica gel column chromatography (hexane/AcOEt = 5:1 to 3:2) to afford the
mixture of Sga (23.9 mg, 93% w/w purity, 83% yield, 90:10 er), which was further purified by GPC.
Colorless oil. TLC: R,=0.31 (hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): 8 0.95 (t, J = 7.4 Hz, 3H),
1.19 (d, J= 6.8 Hz, 3H), 2.27 (q, J = 7.4 Hz, 2H), 2.39 (s, 3H), 2.54 (dd, /= 15.9, 8.6 Hz, 1H), 2.81 (dd, J =
15.9, 5.4 Hz, 1H), 3.52-3.63 (1H, m), 7.08 (d, J= 7.7 Hz, 1H), 7.15 (s, 1H), 7.20-7.27 (m, 2H), 7.40 (d, J =
7.7 Hz, 1H), 7.74 (dd, J = 7.7, 7.7 Hz, 1H), 8.66 (d, J = 4.1 Hz, 1H). *C NMR (100 MHz, CDCls): 8 7.7,
21.4,21.6,30.6, 36.0, 50.9, 121.6, 124.3, 126.6, 126.8, 129.9, 136.1, 137.2, 138.2, 144.0, 149.1, 160.1, 210.6.
HRMS (ESI): m/z caled for CsH,,ON [M+H']: 268.1696, found: 268.1700. [a]p>’ = 26.7 (¢ = 0.71, CHCly),
HPLC: 90:10 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 6.7 min, tg (minor)
= 7.5 min).

(8)-5-[S-methoxy-2-(pyridin-2-yl)phenyl]hexan-3-one (Sha)

| A Following the general procedure (C-2.), 3h (18.5 mg, 0.10 mmol), enone 4a (12.6 pL,

N
Z" Me o

0.11 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 pL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the crude mixture was
OMe Sha purified by silica gel column chromatography (hexane/AcOEt = 5:1 to 3:2) to afford Sha
(18.8 mg, 66% yield, 91:9 er). Colorless oil. TLC: R, = 0.19 (hexane/AcOEt = 3:1). "H NMR (500 MHz,
CDCl;): 6 0.96 (t, J = 7.4Hz, 3H), 1.19 (d, J = 6.9 Hz, 3H), 2.28 (q, J = 7.4 Hz, 2H), 2.53 (dd, /= 15.8, 9.2
Hz, 1H), 2.82 (dd, J = 15.8, 5.4 Hz, 1H), 3.58-3.66 (m, 1H), 6.81 (dd, J = 8.6, 2.3 Hz, 1H), 6.88 (d, J=2.3
Hz, 1H), 7.24 (ddd, J=7.4,5.2, 1.1 Hz, 1H), 7.28 (d, /= 8.6 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.75 (ddd, J
=8.0, 7.4, 1.7 Hz, 1H), 8.66 (d, J = 5.2 Hz, 1H). *C NMR (125 MHz, CDCL;): & 7.7, 21.6, 30.8, 36.0, 50.8,
55.2,110.7, 112.1, 121.5, 124.4, 131.3, 132.7, 136.3, 145.9, 149.0, 159.7, 159.8, 210.3. HRMS (ESI): m/z
caled for CigH»O,N™ [M+H']: 284.1645, found: 284.1649. [a]p'” = 21.7 (c = 0.94, CHCl;), HPLC: 91:9 er
(Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 10.5 min, tg (minor) = 12.4 min).

(S)-5-[5-acetyl-2-(pyridin-2-yl)phenyl]hexan-3-one (5ia)

| /\N . o Following the general procedure (C-2.), 3i (21.3 mg, 0.10 mmol), enone 4a (14.9 uL,
0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 pL,

0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the crude mixture was

o Sia purified by silica gel column chromatography (hexane/AcOEt = 2:1 to 1:1) to afford Sia

(20.3 mg, 65% yield, 92:8 er). Colorless oil. TLC: Ry = 0.40 (hexane/AcOEt = X:X). '"H NMR (400 MHz,



CDCl3): 6 0.96 (t, J = 7.3 Hz, 3H), 1.22 (d, /= 7.0 Hz, 3H), 2.30 (q, J = 7.3 Hz, 2H), 2.63 (dd, J=16.5, 8.4
Hz, 1H), 2.65 (s, 3H), 2.88 (dd, J = 16.5, 5.9 Hz, 1H), 3.56-3.67 (m, 1H), 7.31 (ddd, /=7.7, 5.1, 1.1 Hz, 1H),
7.43 (d, J=17.7 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.79 (dd, J= 7.7, 1.8 Hz, 1H), 7.84 (dd, J = 8.1, 1.8 Hz,
1H), 7.98 (d, J = 1.8 Hz, 1H), 8.70 (ddd, J= 5.1, 1.8, 1.1 Hz, 1H). ®C NMR (125 MHz, CDCl;): § 7.7, 21.8,
26.7, 30.5, 36.2, 50.3, 122.3, 124.2, 125.7, 126.2, 130.3, 136.4, 137.0, 144.6, 145.0, 149.3, 158.9, 198.0,
209.9. HRMS (ESI): m/z caled for CioH,O,NNa™ [M+Na']: 318.1465, found: 318.1469. [a]p*® = 24.6 (c =
0.93, CHCl;), HPLC: 92:8 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 17.5

min, tg (minor) = 29.4 min).

(8)-5-[S-fluoro-2-(pyridin-2-yl)phenyl]hexan-3-one (5ja)

| = Following the general procedure (C-2.), 3j (17.3 mg, 0.10 mmol), enone 4a (14.9 uL,

N
Z" Me 0O

0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 pL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 120 h, and the crude mixture

F Sja was purified by silica gel column chromatography (hexane/AcOEt = 4:1 to 3:2) to afford
the mixture of Sja (21.0 mg, 97% w/w purity, 75% yield, 92:8 er), which was further purified by GPC.
Colorless oil. TLC: Ry= 0.30 (hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): § 0.96 (t, J=7.2 Hz, 3H),
1.18 (d, /= 6.8 Hz, 3H), 2.29 (q, /= 7.2 Hz, 2H), 2.53 (dd, J = 16.3, 8.6 Hz, 1H), 2.80 (dd, J=16.3, 5.4 Hz,
1H), 3.53-3.63 (m, 1H), 6.96 (ddd, J = 8.6, 7.7, 2.7 Hz, 1H), 7.03 (dd, J = 10.9, 2.7 Hz, 1H), 7.25-7.32 (m,
2H), 7.42 (d, J = 7.7 Hz, 1H), 7.77 (ddd, J = 7.7, 7.7, 1.8 Hz, 1H), 8.66 (d, J = 4.5 Hz, 1H). *C NMR (125
MHz, CDCls): § 7.6, 21.5, 30.7, 36.1, 50.4, 112.7 (d, Jer = 21.6 Hz), 112.9 (d, Jor = 20.3 Hz), 121.8, 124.3,
131.6 (d, *Jor = 8.4 Hz), 136.1 (d, *Jor = 2.4 Hz), 136.3, 146.9 (d, *Jor = 7.2 Hz), 149.1, 159.0, 162.9 (d, "Jcr
= 247.1 Hz), 209.8. ’F NMR (470 MHz, CDCl3): & —116.4. HRMS (ESI): m/z calcd for C,7H;0ONF"
[M+H']: 272.1445, found: 272.1449. [a]p'’ = 11.9 (¢ = 0.99, CHCl;). HPLC: 92:8 er (Chiralpak ID,

hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 6.3 min, tg (minor) = 7.3 min).

(S)-5-[5-chloro-2-(pyridin-2-yl)phenyl|hexan-3-one (Ska)

| = Following the general procedure (C-2.), 3k (18.9 mg, 0.10 mmol), enone 4a (14.9 uL,

N
Z" Me o

0.13 mmol), 2b (4.3 mg, 5 wumol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.68 pL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 96 h, and the crude mixture was

¢l Ska purified by silica gel column chromatography (hexane/AcOEt = 4:1 to 3:2) to afford the
mixture of 5ka (24.1 mg, 92% w/w purity,77% yield, 92:8 er), which was further purified by GPC. Colorless
oil. TLC: Ry= 0.29 (hexane/AcOEt = 3:1). "H NMR (500 MHz, CDCl;): 8 0.97 (t, J = 7.2 Hz, 3H), 1.19 (d,
J =609 Hz, 3H), 2.29 (q, J = 7.2 Hz, 2H), 2.55 (dd, J = 16.0, 8.6 Hz, 1H), 2.81 (dd, J = 16.0, 5.7 Hz, 1H),
3.53-3.61 (m, 1H), 7.23-7.29 (m, 3H), 7.31 (d, J = 1.7 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.77 (ddd, J = 8.0,
8.0, 1.7 Hz, 1H), 8.67 (d, J = 4.0 Hz, 1H). *C NMR (100 MHz, CDCl;): § 7.7, 21.6, 30.6, 36.2, 50.4, 122.1,



124.3, 126.2, 126.2, 131.3, 134.5, 136.4, 138.4, 146.4, 149.2, 158.8, 209.8. HRMS (ESI): m/z calcd for
C7;H10ONCI" [M+H']: 288.1190, found: 288.1155. [a]p'’ = 23.8 (¢ = 0.50, CHCl;). HPLC: 92:8 er
(Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 6.5 min, tg (minor) = 7.2 min).

(S)-5-[2-(pyridin-2-yl)-5-(trifluoromethyl)phenyl| hexan-3-one (5la)
| S Following the general procedure (C-2.), 31 (22.3 mg, 0.1 mmol), enone 4a (14.9 uL,

N
Z" Me o

0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 uL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the crude mixture was

CFs Sla purified by silica gel column chromatography (hexane/AcOEt = 4:1 to 3:2) to afford the
mixture of Sla (22.0 mg, 96% w/w purity, 66% yield, , 92:8 er), which was further purified by GPC.
Colorless oil. TLC: R,=0.31 (hexane/AcOEt = 3:1). "H NMR (500 MHz, CDCl;): § 0.97 (t, J= 7.3 Hz, 3H),
1.22 (d, J=6.9 Hz, 3H), 2.30 (q, /= 7.3 Hz, 2H), 2.59 (dd, J = 16.4, 8.3 Hz, 1H), 2.84 (dd, /= 16.4, 5.2 Hz,
1H), 3.59-3.66 (m, 1H), 7.32 (ddd, J = 8.0, 4.9, 1.1 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz,
1H), 7.53 (d, J = 8.0 Hz, 1H), 7.58 (s, 1H), 7.81 (ddd, J = 8.0, 8.0, 1.7 Hz, 1H), 8.69 (d, J = 4.9 Hz, 1H). *C
NMR (125 MHz, CDCly): § 7.7, 21.6, 30.5, 36.2, 50.2, 122.4, 122.7-122.9 (m, 2C), 124.1 (q, 'Jer = 272.3
Hz), 124.2, 130.4, 130.6 (q, Jcr = 32.4 Hz), 136.5, 143.4, 145.4, 149.3, 158.6, 209.7. ’F NMR (470 MHz,
CDCLy): & —63.5. HRMS (ESI): m/z calcd for CsH;0ONF; [M+H]: 322.1413, found: 322.1419. [a]p'” = 7.5
(c = 0.68, CHCI;). HPLC: 92:8 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) =

4.7 min, tg (minor) = 5.2 min).

Methyl (5)-3-(4-oxohexan-2-yl)-4-(pyridin-2-yl)benzoate (Sma)
| N Following the general procedure (C-2.), 3m (21.3 mg, 0.10 mmol), enone 4a (14.9 uL,

N
Z" Me o

0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.68 pL,
0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the crude mixture was

COMe  Sma purified by silica gel column chromatography (hexane/AcOEt = 4:1 to 3:2) to afford Sma
(25.1 mg, 81% yield, 92:8 er). Colorless solid. TLC: R,= 0.21 (hexane/AcOEt = 3:1). "H NMR (400 MHz,
CDCl;): 6 0.96 (t, J = 7.3 Hz, 3H), 1.22 (d, J= 6.6 Hz, 3H), 2.30 (q, J = 7.3 Hz, 2H), 2.62 (dd, J=16.5, 8.4
Hz, 1H), 2.87 (dd, J = 16.5, 5.9 Hz, 1H), 3.55-3.65 (m, 1H), 3.95 (s, 3H), 7.31 (dd, J= 7.7, 4.4 Hz, 1H), 7.40
(d, J=8.1 Hz, 1H), 7.48 (d, /= 7.7 Hz, 1H), 7.81 (ddd, J = 7.7, 7.7, 1.8 Hz, 1H), 7.93 (dd, J = 8.1, 1.5 Hz,
1H), 8.04 (d, J = 1.5 Hz, 1H), 8.70 (d, J = 4.4 Hz, 1H). *C NMR (125 MHz, CDCls): § 7.6, 21.8, 30.5, 36.2,
50.3, 52.1, 122.3, 124.2, 127.1, 127.3, 130.1, 130.1, 136.4, 144.3, 144.7, 149.2, 158.9, 166.9, 209.9. HRMS
(ESI): m/z caled for CoH,03N" [M+H']: 312.1594, found: 312.1595. [a]p” = 26.6 (¢ = 0.69, CHCly),
HPLC: 92:8 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 13.0 min, tg (minor)
= 18.3 min).



(S)-5-[3-(pyridin-2-yl)naphthalen-2-yl|hexan-3-one (5na)

| /\N . Following the general procedure (C-2.), 5n (20.5 mg, 0.10 mmol), enone 4a (14.9 uL,
0.13 mmol), 2b (4.3 mg, 5 wmol, 5 mol %), MS3A (4 mg), 2-methylquinoline (2.7 uL,

O 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 96 h, and the crude mixture
O sna was purified by silica gel column chromatography (hexane/AcOEt = 9:1 to 7:3) to

afford the mixture of Sna (30.5 mg, 91% w/w purity, 91% yield, 91:9 er), which was further purified by GPC.
Colorless oil. TLC: Ry= 0.24 (hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): § 0.95 (t, J= 7.3 Hz, 3H),
1.28 (d, J=6.8 Hz, 3H), 2.28 (q, J = 7.3 Hz, 2H), 2.60 (dd, J = 16.2, 8.8 Hz, 1H), 2.95 (dd, /= 16.2, 5.4 Hz,
1H), 3.68-3.79 (m, 1H), 7.32 (ddd, J = 7.7, 4.6, 0.9 Hz, 1H), 7.43-7.51 (m, 2H), 7.56 (d, J = 8.2 Hz, 1H),
7.78-7.85 (m, 5H), 8.72 (d, J = 4.6 Hz, 1H). *C NMR (125 MHz, CDCl): 7.7, 21.7, 30.7, 36.0, 51.0,
121.9, 124.5, 124.7, 125.7, 126.3, 127.3, 127.8, 129.3, 131.7, 133.3, 136.3, 139.0, 142.5, 149.1, 160.0, 210.4.
HRMS (ESI): m/z caled for C;;HpON' [M+H']: 304.1696, found: 304.1696. [a]p> = 31.7 (¢ = 0.71, CHCL,).
HPLC: 91:9 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 9.9 min, tg (minor) =
15.1 min).

Methyl (5)-3-(4-methylpyridin-2-yl)-4-(4-oxohexan-2-yl)benzoate (50a)

Me Following the general procedure (C-2.), 30 (22.7 mg, 0.10 mmol), enone 4a (14.9
ZNwe o uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline
(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the
MeoaC %o crude mixture was purified by silica gel column chromatography (hexane/AcOEt =
3:1 to 1:1) to afford Soa (22.9 mg, 70% yield, 93:7 er). Colorless oil. TLC: R,= 0.19 (hexane/AcOEt = 3:1).
'"H NMR (400 MHz, CDCls): 8 0.96 (t, J = 7.3 Hz, 3H), 1.21 (d, J = 6.6 Hz, 3H), 2.29 (q, J = 7.3 Hz, 2H),
2.43 (s, 3H), 2.57 (dd, J = 16.1, 8.8 Hz, 1H), 2.86 (dd, /= 16.1, 5.9 Hz, 1H), 3.58-3.68 (m, 1H), 3.90 (s, 3H),
7.12 (dd, J=5.1, 0.7 Hz, 1H), 7.28 (s, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.98 (d, /= 1.8 Hz, 1H), 8.03 (dd, J =
8.1, 1.8 Hz, 1H), 8.52 (d, J = 5.1 Hz, 1H). *C NMR (125 Mhz, CDCL): § 7.7, 21.3, 21.4, 30.9, 36.1, 50.4,
52.0,123.2,125.2,126.2, 127.8, 129.5, 131.2, 140.2, 147.7, 148.8, 149.8, 158.8, 166.8, 209.9. HRMS (ESI):
m/z caled for CigHp4OsN" [M+H']: 326.1751, ound: 326.1756. [a]p™ = 16.9 (c = 1.14, CHCls). HPLC: 93:7

er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 20.5 min, tg (minor) = 26.8 min).

Methyl (5)-3-(5-methylpyridin-2-yl)-4-(4-oxohexan-2-yl)benzoate (Spa)

Me

Following the general procedure (C-2.), 3p (22.7 mg, 0.10 mmol), enone 4a (14.9

X
N e uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline

(2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the

MeO,C 5pa crude mixture was purified by silica gel column chromatography (hexane/AcOEt =

4:1 to 3:2) to afford Spa (30.2 mg, 93% yield, 95:5 er). Colorless oil. TLC: R,= 0.23 (hexane/AcOEt = 3:1).



'"H NMR (400 MHz, CDCls): 8 0.96 (t, J = 7.3 Hz, 3H), 1.21 (d, J = 6.2 Hz, 3H), 2.29 (q, J = 7.3 Hz, 2H),
2.41 (s, 3H), 2.58 (dd, J=16.5, 8.4 Hz, 1H), 2.85 (dd, J = 16.5, 5.5 Hz, 1H), 3.58-3.68 (m, 1H), 3.89 (s, 3H),
7.37(d,J=8.1 Hz, 1H), 7.41 (d, J= 8.1 Hz, 1H), 7.61 (d, /= 8.1, 1.8 Hz, 1H), 7.99 (d, J= 1.8 Hz, 1H), 8.02
(dd, J=8.1, 1.8 Hz, 1H), 8.51 (dd, J= 1.8, 0.7 Hz, 1H). *C NMR (125 MHz, CDCl;): § 7.7, 18.2, 21.5, 30.8,
36.1, 50.3, 52.0, 123.7, 126.1, 127.8, 129.4, 131.3, 131.6, 137.0, 140.2, 149.6, 149.7, 156.2, 166.8, 209.9.
HRMS (ESI): m/z calcd for CyoHpO,N" [M+H']: 326.1751, found: 326.1756. [a]p'™ = 19.5 (c = 1.24,
CHCIl;). HPLC: 95:5 er. (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 16.5 min, tg

(minor) = 20.0 min).

Methyl (5)-3-(5-methylpyridin-2-yl)-4-(4-oxooctan-2-yl)benzoate (Spb)
Following the general procedure (C-2.), 3p (22.7 mg, 0.10 mmol), enone 4b

x
| N e o (18.2 uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg),
Bu  2-methylquinoline (2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C
MeO,C 5pb for 72 h, and the crude mixture was purified by silica gel column chromatography

(hexane/AcOEt = 3:1 to 2:1) to afford the mixture of Spb (36.2 mg, 93% w/w purity, 95% yield, 95:5 er),
which was further purified by GPC. Colorless oil. TLC: R, = 0.38 (hexane/AcOEt = 3:1). '"H NMR (400
mHz, CDCLs): 8 0.86 (t, J = 7.3 Hz, 3H), 1.22 (d, J = 7.0 Hz, 3H), 1.18-1.27 (m, 2H), 1.41-1.51 (m, 2H),
2.27 (t, J = 7.5 Hz, 2H), 2.41 (s, 3H), 2.57 (dd, J = 16.4, 8.6 Hz, 1H), 2.85 (dd, J = 16.4, 5.5 Hz, 1H),
3.61-3.72 (m, 1H), 3.91 (s, 3H), 7.37 (d, J = 8.1 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.1 Hz, 1H),
8.00 (d, J = 1.8 Hz, 1H), 8.03 (dd, J = 8.4, 1.8 Hz, 1H), 8.51 (s, IH). *C NMR (100 MHz, CDCl;): § 13.9,
18.4, 21.6, 22.4, 26.0, 30.9, 42.9, 50.8, 52.1, 123.9, 126.3, 127.9, 129.6, 131.4, 131.7, 137.2, 140.3, 149.7,
149.9, 156.3, 166.9, 209.8. HRMS (ESI): m/z calcd for CHyO3N" [M+H']: 354.2064, found: 354.2062.
[a]p = 8.1 (c = 1.47, CHCl;). HPLC: 95:5 er (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg

(major) = 14.4 min, tg (minor) = 20.0 min).

Methyl (5)-3-(5-methylpyridin-2-yl)-4-(4-0x0-6-phenylhexan-2-yl)benzoate (Spc)

Me

Following the general procedure (C-2.), 3p (22.7 mg, 0.10 mmol), enone 4c

X
ZN e (22.4 pL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg),
pn  2-methylquinoline (2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35
MeO,C 5pc °C for 72 h, and the mixture was purified by silica gel column chromatography

(hexane/AcOEt = 8:1 to 3:2) to afford Spc (35.3 mg, 88% yield, 95:5 er). Colorless oil. TLC: R, = 0.26
(hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): § 1.19 (d, J = 6.6 Hz, 3H), 2.38 (s, 3H), 2.50-2.62 (m,
3H), 2.79 (t, J = 7.7 Hz, 2H), 2.85 (dd, J = 15.9, 6.0 Hz, 1H), 3.58-3.69 (m, 1H), 3.89 (s, 3H), 7.09 (d, J =
7.3 Hz, 2H), 7.15-7.20 (m, 1H), 7.22-7.28 (m, 2H), 7.32 (d, J = 8.1 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.58
(dd, J=8.1, 1.7 Hz, 1H), 7.98 (d, J = 2.1 Hz, 1H), 8.01 (dd, J= 8.1, 1.7 Hz, 1H), 8.45 (s, 1H).">C NMR (100



MHz, CDCly): & 18.4, 21.6, 29.7, 31.0 44.5, 51.2, 52.2, 123.9, 126.2, 126.3, 128.0, 128.4, 128.6, 129.6,
131.4,131.8, 137.2, 140.2, 141.1, 149.7, 149.8, 156.3, 166.9, 208.6. HRMS (ESI): m/z calcd for C5sH,503N"
[M+H']: 402.2064, found: 402.2062. [a]p' = —4.8 (c = 0.68, CHCl;). HPLC: 95:5 er. (Chiralpak IB,
hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 8.6 min, tg (minor) = 11.3 min).

Methyl (5)-4-(6-((tert-butyldimethylsilyl)oxy)-4-oxohexan-2-yl)-3-(5-methylpyridin-2-yl)benzoate (Spd)

Me

Following the general procedure (C-2.), 3p (22.7 mg, 0.10 mmol), enone 4d

X
Noe o (32.3 uL, 0.13 mmol), 2b (4.3 mg, 5 wmol, 5 mol %), MS3A (4 mg),
ores 2-methylquinoline (2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 50
MeO,C 5pd °C for 84 h, and the mixture was purified by silica gel column

chromatography (hexane/AcOEt = 6:1 to 2:1) to afford Spc (34.6 mg, 76% yield, 93:7 er). Colorless oil.
TLC: R;= 0.30 (hexane/AcOEt = 3:1). "H NMR (400 MHz, CDCl;): § 0.00 (s, 6H), 0.84 (s, 9H), 1.19 (d, J
= 6.8 Hz, 3H), 2.38 (s, 3H), 2.47 (t, J = 6.3 Hz, 2H), 2.62 (dd, J = 16.4, 8.8 Hz, 1H), 2.88 (dd, J=16.4, 5.4
Hz, 1H), 3.59-3.70 (m, 1H), 3.79 (t, J = 6.3 Hz, 2H), 3.88 (s, 3H), 7.35 (d, / = 8.2 Hz, 1H), 7.40 (d, /= 8.2
Hz, 1H), 7.58 (dd, J = 8.2, 2.3 Hz, 1H), 7.98 (d, /= 1.8 Hz, 1H), 8.01 (dd, /= 8.2, 1.8 Hz, 1H), 8.50 (d, J =
2.3 Hz, 1H).”C NMR (100 MHz, CDCl;): § —5.5, 18.2, 21.5, 25.8, 30.5, 45.7, 51.7, 52.0, 52.0, 58.6, 123.8,
126.2, 127.8, 129.5, 131.3, 131.6, 137.0, 140.1, 149.6, 149.8, 156.1, 166.8, 208.2. HRMS (ESI): m/z calcd
for CpeH3304NSi" [M+H']: 456.2565, found: 456.2566. [alp'® = 9.5 (¢ = 1.14, CHCl;). HPLC: 93:7 er.
(Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 8.7 min, tg (minor) = 10.4 min).

Methyl (5)-3-(5-methylpyridin-2-yl)-4-(5-oxo-1-phenylhexan-3-yl)benzoate (Spe)

Me

Following the general procedure (C-2)., 3p (22.7 mg, 0.10 mmol), enone 4e (21.6
/\N Pho uL, 0.13 mmol), 2b (4.3 mg, 5 umol, 5 mol %), MS3A (4 mg), 2-methylquinoline

ve (2.7 uL, 0.02 mmol), and DCE (0.5 mL) were stirred at 35 °C for 72 h, and the

MeO,C Spe mixture was purified by silica gel column chromatography (hexane/AcOEt = 6:1 to
3:2) to afford Spc (34.9 mg, 87% yield, 88:12 er). Colorless oil. TLC: R,= 0.21 (hexane/AcOEt = 3:1). 'H
NMR (400 MHz, CDCls): § 1.87-1.93 (m, 2H), 2.00 (s, 3H), 2.35 (t, J = 8.0 Hz, 2H), 2.40 (s, 3H), 2.70 (dd,
J=16.3, 7.7 Hz, 1H), 2.92 (dd, J = 16.3, 6.0 Hz, 1H), 3.55-3.62 (m, 1H), 3.91 (s, 3H), 6.97 (d, J = 7.4 Hz,
2H), 7.11 (dd, J= 7.4, 7.4 Hz, 1H), 7.17 (dd, J = 7.4, 7.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 1H), 7.45 (d, /= 8.0
Hz, 1H), 7.55 (dd, J = 8.0, 2.0 Hz, 1H), 8.02 (d, /= 1.7 Hz, 1H), 8.06 (dd, J = 8.0, 1.7 Hz, 1H), 8.46 (d, J =
2.0 Hz, 1H). ®C NMR (100 MHz, CDCl;): § 18.2, 30.1, 33.4, 35.7, 37.5, 50.5, 52.0, 123.8, 125.6, 126.4,
128.0, 128.1 (2C), 129.5, 131.3, 131.5, 136.9, 141.1, 141.7, 147.8, 149.4, 156.0, 166.7, 207.3. HRMS (ESI):
m/z caled for CaogHpsOsN™ [M+H']: 402.2064, found: 402.2063. [a]p’’ = 63.8 (¢ = 0.65, CHCl;). HPLC:
88:12 er. (Chiralpak ID, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (minor) = 22.4 min, tg (major) = 27.4

min).



D. Determination of Absolute Configuration of Saa

An authentic sample of 5aa’ with (R)-configuration was synthesized from SI-4"° as follows.

L

Br M Br M Br Me O N SnBu
r e 1) TsCl, DMAP r Me ro e i
Ioon )pjridine, CHClp it i eN 1)EI2A(§,I3|‘;ﬂux s PdCly(PPhs),, LICI
2) NaCN, DMSO, 80 «C 2) 2N HCl, rt E! toluene, 110 «C
Sl-4 90% SI-5 22% SI-6 48%
(R)-3-(2-bromophenyl)butanenitrile (SI-5) (not optimized)
Br Me To a solution of SI-4 (394.5 mg, 1.83 mmol) and pyridine (0.44 mL, 5.5 mmol) in CH,Cl,

CN
(10 mL) was added TsCl (385 mg, 2.0 mmol) at 0 °C. The mixture was warmed to room

temperature, and stirred at for 30 min. To the mixture was added DMAP (22 mg, 0.18
mmol), and the mixture was further stirred at room temperature for 15 h. After the addition of pyridine (2 mL,
25 mmol) and TsCl (210 mg, 1.1 mmol), the mixture was stirred for further 3 h. The reaction was quenched
by 2 N aqueous HCI (30 mL), and the mixture was extracted with Et;,0 (50 mL and 25 mL x 2). The
combined organic layers were successively washed with 1 N aqueous HCI, saturated aqueous NaHCOs3, and
brine, and dried over Na,SO,. Filtration and evaporation afforded a crude mixture, which contained small
amount of unreacted SI-4 and TsCl. To this mixture were added CH,Cl, (5 mL), pyridine (2 mL, 25 mml),
and DMAP (26 mg, 0.21 mmol), and the mixture was stirred at room temperature for 3 h. After the same
aqueous work-up as above, the crude mixture was used for the next step without further purification.

The obtained crude mixture was dissolved in DMSO (5 mL), and NaCN (451 mg, 9.2 mmol) was

added. The mixture was heated at 80 °C for 12 h with stirring. After cooling to room temperature, saturated
aqueous NaHCO; and water were added. The mixture was extracted with AcOEt/hexane = 2:1 three times.
The combined organic layers were washed with water (x 3) and brine, and dried over Na,SO,. Filtration and
evaporation afforded a crude mixture, which was purified by silica gel column chromatography
(hexane/AcOEt = 100:0 to 81:19, gradient) to afford SI-5 (368 mg, 90%).
Colorless oil. TLC: R;= 0.38 (hexane/AcOEt = 8:1). '"H NMR (400 MHz, CDCl;): 8 1.48 (d, J = 4.2 Hz,
3H), 2.59 (dd, J = 16.8, 7.5 Hz, 1H), 2.69 (dd, J = 16.8, 5.4 Hz, 1H), 3.63-3.73 (m, 1H), 7.10-7.17 (m, 1H),
7.30-7.37 (m, 2H), 7.56-7.60 (m, 1H). *C NMR (100 MHz, CDCl;): § 19.1, 24.7, 34.6, 118.0, 124.1, 126.9,
127.9, 128.7, 133.1, 141.4. [a]p'® = 42.5 (c = 1.03, CHCl;). HRMS (ESI): m/z calcd for C;oH;(NBrNa"
[M+Na']: 245.9889, found: 245.9895.

(R)-5-(2-bromophenyl)hexan-3-one (SI-6) (not optimized)
Br Me O To a solution of SI-5 (149 mg, 0.665 mmol) in Et,0 (2 mL) was added EtMgBr (0.33 mL,
©/\/U\Et 3 M in Et,0, 1 mmol) at room temperature, and the mixture was refluxed for 1 h. After

sk cooling to 0 °C, 2 N aqueous HCI (2 mL) was carefully added. After stirring at room



temperature for 20 min, the mixture was extracted with Et,O three times. The combined organic layers were
dried over Na,SO,. Filtration and evaporation afforded a crude mixture, which was purified by silica gel
column chromatography (hexane/Et,O = 93:7 to 85:15, gradient) to afford SI-6 (37.3 mg, 22%).

Colorless oil. TLC: Ry= 0.23 (hexane/Et,O = 10:1). "H NMR (500 MHz, CDCls): & 1.03 (t, J = 7.3 Hz, 3H),
1.25 (t, J= 6.9 Hz, 3H), 2.34-2.48 (m, 2H), 2.58 (dd, J = 16.2, 8.9 Hz, 1H), 2.78 (dd, J = 16.2, 5.4 Hz, 1H),
3.75-3.84 (m, 1H), 7.03-7.08 (m, 1H), 7.21-7.30 (m, 2H), 7.54 (dd, J= 7.7, 1.1 Hz 1H). *C NMR (125 MHz,
CDCLy): § 7.7,20.4, 34.1, 36.0, 49.5, 124.2, 127.1, 127.7, 127.7, 133.0, 144.8, 209.8. [at]p = —2.3 (c = 1.34,
CHCl;3). HRMS (ESI): m/z caled for Cj,H;50BrNa [M+Na']: 277.0199, found: 277.0205.

5aa’ (not optimized)

To a Schlenk tube were added SI-6 (22.3 mg, 0.0874 mmol), LiCl (15 mg, 0.35 mmol),
and PdCIy(PPh;), (6.1 mg, 0.0087 mmol). The mixture was charged with toluene (1 mL)
and tributyl(2-pyridyl)tin (56 uL, 0.18 mmol) under Ar, and heated at 110 °C for 16 h. The

mixture was cooled to room temperature, and water and an excess amount of KF were
added. After stirring at room temperature for further 30 min, the mixture was extracted with AcOEt three
times. The combined organic layers were dried over Na,SO,. Filtration and evaporation afforded a crude
mixture, which was purified by silica gel column chromatography (hexane/AcOEt = 82:18 to 61:39,
gradient) followed by GPC to afford 5aa’ (10.5 mg, 48%). The 'H NMR spectrum of 5aa’ was matched with

that of 5aa obtained in the reaction catalyzed by 2b described above.

Comparison of chiral HPLC analysis of Saa and Saa’ (Supplementary Figure 1, Chiralpak ID,
hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm) indicated that the absolute configuration of 5aa, a major isomer
obtained in the reaction catalyzed by 2b, was opposite to 5aa’, and thus determined to be (S). It was also
supported by the opposite optical rotation of 5aa: [at]p'’ = 18.9 (c = 0.72, CHCl;) and 5aa’: [a]p'* =-21.8 (¢
=0.47, CHCL).



E. Evaluation of Other Chiral Organic Anions (Table 3)

Preparation of Ag salts

Ag-BINSate 6 was prepared as described above, and used without further purification.

7 and 9: To a stirred solution of the corresponding chiral acid (0.10 mmol) in CH,Cl,/CH;CN (1:1, 2 mL)
was added Ag,CO; (28 mg, 0.10 mmol), and the mixture was stirred at 40 °C for 12 h in dark. The reaction
mixture was filtered through a Celite pad, and washed with CH,Cl,/CH;CN (1:1). The filtrate was
evaporated in vacuo, and the obtained Ag salts were used without further purification.

Ag-TRIP 8 was prepared according to the literature.'®

General procedure of evaluation of other chiral organic anions

To dried screw-capped vial were added [Cp*RhCl,], (0.77 mg, 1.25 umol), Ag salt 6-9 (2.5 or 5.0 umol),
MS3A (2 mg), and DCE (0.25 mL) under argon atmosphere in glovebox. To the mixture were successively
added 2-phenylpyridine 3a (7.2 uL, 50 wmol), 2-methylquinoline (0 or 10 umol), and enone 4a (7.5 uL, 65
umol). The vial was capped, taken out of the glovebox, and the mixture was heated at 35 °C with stirring
under argon atmosphere for 48 h. The reaction mixture was filtered through a short silica gel pad, and
washed with AcOEt. The filtrate was concentrated to afford the crude mixture. Dibenzyl ether (internal
standard, ca. 10 mg, precisely weighted in each reaction) and CDCI; were added to the crude mixture, and
the yield of 5aa was determined by 'H NMR analysis. An aliquot of the crude mixture was purified by
preparative TLC, and the enantiomeric ratio of 5aa was determined by HPLC analysis (Chiralpak ID,
hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm).

F. Asymmetric Conjugate Addition of 6-Arylpurines

6-Arylpurines 10 were prepared from commercially available 6-chloropurine according to the literature.'’

F-1. Optimization of reaction conditions

To a dried screw-capped vial were added model substrate 10a (34.4 mg, 0.12 mmol), 2b (5 umol, 5 mol %),
MS3A (0 or 4 mg), solvent (0.5 mL) under argon atmosphere in a glovebox. To the resulting mixture were
successively added an additive (0 or 0.02 mmol), and enone 4a (11.5 uL, 0.10 mmol). The vial was capped,
taken out of the glovebox, and the mixture was heated at 35 °C with stirring under argon atmosphere for 48 h.
The reaction mixture was directly purified by silica gel column chromatography to afford the desired product
11a, and the enantiomeric ratio of 11a was determined by HPLC analysis (Chiralpak AD-H, hexane/i-PrOH

=9:1, 1.0 mL/min, 254 nm). The results are summarized in Supplementary Figure 2 and 3.



F-2. Synthesis of [Cp*RhLx][(R)-SPISate] 12

1. AgoCOg3 (2.0 equiv.)
CH,Cl,/CHSCN (0.05 M)
SOH 40°C,24h - [Cp*RhL,]

SOgH 2. [Cp*RhClyl, (0.2 equiv.) [(R)-SPISate]
CHZCN (0.1 M), rt, 24 h

12

37%
(R)-SPISA (13)

To a stirred solution of (R)-SPISA18 13 (152 mg, 0.40 mmol) in CH,CL,/CH;CN (1:1, 8 mL) was added
Ag,COs5 (221 mg, 0.80 mmol) at 40 °C. After stirring for 24 h in dark, the reaction mixture was filtered
through a Celite pad, and washed with CH,CL,/CH;CN (1:1). The filtrate was evaporated in vacuo to furnish
Agy-(R)-SPISate (105 mg, 44%) as an orange solid, which was directly used for the next step without
purification. To a flame-dried Schlenk flask were added [Cp*RhCl,], (49 mg, 0.080 mmol), Ag,-(R)-SPISate
(105 mg, 0.17 mmol), CH;CN (0.8 mL) in a glovebox. The flask was taken out of the glovebox, and the
mixture was stirred at room temperature and under argon atmosphere. After 24 h, the resulting precipitates
were removed by filtration through a Celite pad and washed with CH;CN. The filtrate was concentrated in
vacuo to afford [Cp*RhLy][(R)-SPISate] 12 (97 mg, 37% as Cp*Rh(CH3CN)2(H20), 5).

Orange solid. IR (KBr): v 3273, 3060, 2934, 2843, 2361, 2332, 2241, 1633, 1455, 1254, 1200, 1152, 1124,
1018, 744, 734, 626, 600, 577 cm'. "H NMR (500 MHz, CDCL): 8 1.60 (s, 15H), 2.04-2.15 (m, 2H),
2.44-2.55 (m, 2H), 2.84-2.95 (m, 2H), 2.93-3.05 (m, 2H), 7.20 (dd, J=7.4, 7.4 Hz, 2H), 7.29 (d, J = 7.4 Hz,
2H), 7.70 (d, J = 7.4 Hz, 2H). ®C NMR (100 MHz, CDCl;): 6 9.0, 30.3, 38.3, 63.9, 93.1 (d, 'Jcrn= 10.5 Hz),
126.0, 126.2, 127.2, 140.2, 145.4, 146.4. Anal. Calcd for Cy 7H332N207sRhS, (Cp*Rh(CH3CN)g2(H,0);5):
C, 50.08; H, 5.09; N, 0.43. Found: C, 50.02; H, 4.68; N, 0.79.

F-3. General procedure of asymmetric conjugate addition of 6-arylpurines (Table 4)

R? R?
AY Ay
N N\j N N\ﬁ
. Me A~ Et 12 (5 mol %) Me O
0 DCE (0.2 M), 35 °C, 48 h Et
4a
10a-e o r2 1a-e

To a dried screw-capped vial were added purine derivative 10 (0.12 mmol), 12 (3.3 mg, 5 umol, 5 mol %)
and DCE (0.5 mL) under argon atmosphere in a glovebox. To the resulting mixture was added enone 4a
(11.5 uL, 0.10 mmol). The vial was capped, taken out of the glovebox, and the mixture was heated at 35 °C
with stirring under argon atmosphere. After 48 h, the reaction mixture was directly purified by silica gel

column chromatography to afford the desired product 11.



F-4. Characterization of products 11

(8)-5-(2-(9-benzyl-9H-purin-6-yl)phenyl)hexan-3-one (11a)

B”\N N Following the general procedure (F-3.), 10a (34.4 mg, 0.12 mmol), enone 4a,
<\N l /\nlu we o catalyst 12 and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the mixture was

purified by silica gel column chromatography (hexane/AcOEt = 3:2 to 2:3) to afford

11a 11a (25.2 mg, 94% w/w purity, 62% vyield, 87:13 er) with a small amount of

byproduct resulted from the second C-H bond addition, which was further purified by GPC to give a pure
analytical sample. Yellow oil. TLC: R;= 0.35 (hexane/AcOEt=1:1). "H NMR (500 MHz, CDCl;):  0.93 (t,
J=17.3Hz, 3H), 1.23 (d, /= 6.9 Hz, 3H), 2.26 (q, J = 7.3 Hz, 2H), 2.58 (dd, /= 16.0, 9.2 Hz, 1H), 2.93 (dd,
J=16.0,4.6 Hz, 1H), 3.58-3.67 (m, 1H), 5.48 (d, J=15.5 Hz, 1H), 5.52 (d, J=15.5 Hz, 1H), 7.32-7.42 (m,
6H), 7.43-7.49 (m, 2H), 7.60 (d, J = 7.4 Hz, 1H), 8.03 (s, 1H), 9.07 (s, 1H). *C NMR (125 MHz, CDCL;): §
7.7,21.4,31.0,36.0,47.4, 51.1, 126.0, 126.6, 127.9, 128.6, 129.2, 129.9, 130.8, 132.4, 134.0, 135.0, 144.4,
145.4, 151.9, 152.3, 158.8, 210.4. HRMS (ESI): m/z calcd for CpHysON," [M+H']: 385.2023, found:
385.2027. [a]p>> = 13.6 (c = 0.90, CHCl;). HPLC: 87:13 er. (Chiralpak AD-H, hexane/i-PrOH = 9:1, 1.0

mL/min, 254 nm, tg (major) = 12.2 min, tg (minor) = 13.8 min).

(8)-5-(2-(9-isopropyl-9H-purin-6-yl)phenyl)hexan-3-one (11b)

’P'\N N Following the general procedure (F-3.), 10b (28.6 mg, 0.12 mmol), enone 4a,
<\N | jN v o catalyst 12 and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the mixture was

purified by silica gel column chromatography (hexane/AcOEt = 1:1 to 1:2) to afford

11b 11b (28.4 mg, 85% yield, 89:11 er). Colorless oil. TLC: Ry= 0.22 (hexane/AcOEt =

1:1). '"H NMR (500 MHz, CDCL3): 8 0.95 (t, J = 7.4 Hz, 3H), 1.23 (d, J= 6.9 Hz, 3H), 1.70 (d, J = 6.9 Hz,
6H), 2.28 (q, J = 7.4 Hz, 2H), 2.59 (dd, J = 16.0, 9.7 Hz, 1H), 2.93 (dd, J = 16.0, 4.0 Hz, 1H), 3.57-3.65 (m,
1H), 4.99 (sept, J = 6.9 Hz, 1H), 7.35 (ddd, J = 7.4, 6.3, 2.3 Hz, 1H), 7.44-7.48 (m, 2H), 7.59 (d, J =7.4 Hz,
1H), 8.12 (s, 1H), 9.02 (s, 1H)."*C NMR (125 MHz, CDClL): 8 7.7, 21.4, 22.5, 22.5, 31.0, 36.0, 47.4, 51.1,
126.0, 126.5, 129.9, 130.7, 132.9, 134.1, 142.4, 145.4, 151.5, 151.6, 158.6, 210.5. HRMS (ESI): m/z calcd
for CyoHosON,™ [M+H']: 337.2023, found: 337.2025. [a]p>> = 21.3 (c = 0.85, CHCl;). HPLC: 89:11 er.
(Chiralpak AD-H, hexane/i-PrOH = 19:1, 1.0 mL/min, 254 nm, tg (major) = 11.8 min, tg (minor) = 16.0

min).

(8)-5-(2-(9-isopropyl-9H-purin-6-yl)-5-methylphenyl)hexan-3-one (11c)

N Nj Following the general procedure (F-3.), 10¢ (30.3 mg, 0.12 mmol), enone 4a,
/ ~
N | =N e o catalyst 12 and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the mixture was

purified by silica gel column chromatography (toluene/AcOEt = 4:1 to 2:1) to afford
e 11c (21.6 mg, 62% yield, 90:10 er). Colorless oil. TLC: R,= 0.28 (hexane/AcOEt =

Me



1:1). "H NMR (500 MHz, CDCLy):  0.95 (t,J = 7.2 Hz, 3H), 1.23 (d, J= 6.9 Hz, 3H), 1.70 (d, J = 7.0 Hz, 6
H), 2.26-2.31 (m, 1H), 2.42 (s, 3H), 2.58 (dd, J = 15.9, 9.7 Hz, 1H), 2.93 (dd, J = 15.9, 43 Hz, 1H),
3.60-3.68 (m, 1H), 4.99 (sept, J = 7.0 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.25 (s, 1H), 7.52 (d, J = 7.7 Hz,
1H), 8.11 (s, 1H), 9.02 (s, 1H). *C NMR (125 MHz, CDCL): § 7.9, 21.6, 21.7, 22.7, 22.7, 31.0, 36.2, 47.6,
51.3, 127.0, 127.4, 131.0, 133.0, 140.0, 142.4, 145.5, 151.6, 151.6, 158.7, 210.8. (One of the aromatic peaks
was missing probably due to overlapping.) HRMS (ESI): m/z calcd for C,HyON,” [M+H']: 351.2179,
found: 351.2181. [(X]D18 =24.8 (c = 1.08, CHCl3). HPLC: 90:10 er (Chiralpak IA, hexane/i-PrOH = 19:1,

1.0 mL/min, 254 nm, tg (major) = 10.8 min, tg (minor) = 15.1 min).

(S)-5-(5-(tert-butyl)-2-(9-isopropyl-9H-purin-6-yl)phenyl) hexan-3-one (11d)

Pr Following the general procedure (F-3)., 10d (35.3 mg, 0.12 mmol), enone 4a,
catalyst 12 and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the mixture was
purified by silica gel column chromatography (hexane/AcOEt = 7:3 to 2:3) to afford
11d (28.7 mg, 73% yield, 91:9 er). Colorless oil. TLC: R,= 0.38 (hexane/AcOEt =
1:1). '"H NMR (400 MHz, CDCls): & 0.95 (t, J = 7.3 Hz, 3H), 1.25 (d, J = 6.7 Hz,
3H), 1.37 (s, 9H), 1.70 (d, J = 6.7 Hz, 6H), 2.29 (q, J = 7.3 Hz, 2H), 2.58 (dd, J = 15.7, 9.9 Hz, 1H), 2.95 (dd,
J=15.7,4.5 Hz, 1H), 3.63-3.72 (m, 1H), 5.00 (sept, J = 6.7 Hz, 1H), 7.38 (dd, /= 8.1, 1.8 Hz, 1H), 7.46 (d,
J = 1.8 Hz, 1H), 7.56 (d, J = 8.1 Hz, 1H), 8.12 (s, 1H), 9.02 (s, 1H). *C NMR (125 MHz, CDCl;): § 7.7,
21.4,22.5, 22.5, 31.2 (4C), 34.9, 35.9, 47.4, 51.3, 123.2, 123.4, 130.6, 131.0, 132.8, 142.2, 144.9, 151.4,
151.5, 152.8, 158.7, 210.7. HRMS (ESI): m/z caled for CoH330N," [M+H']: 393.2649, found: 393.2649.
[o]p™ = 22.0 (c = 1.27, CHCl3). HPLC: 91:9 er (Chiralpak IA, hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm,

tr (major) = 5.1 min, tg (minor) = 5.8 min).

(8)-5-(2-(9-isopropyl-9H-purin-6-yl)-5-methoxyphenyl)hexan-3-one (11e)

Pr Following the general procedure (F-3.), 10e (31.2 mg, 0.12 mmol), enone 4a,
NNy

< jN catalyst 12 and DCE (0.5 mL) were stirred at 35 °C for 48 h, and the mixture was
N Me O

purified by silica gel column chromatography (hexane/AcOEt = 1:1 to 3:8) to afford

. 11e (16.0 mg, 43% yield, 91:9 er). Colorless oil. TLC: R, = 0.16 (hexane/AcOEt =
e 1:1). '"H NMR (400 MHz, CDCls): & 0.96 (t, J = 7.4 Hz, 3H), 1.24 (d, J = 6.7 Hz,
3H), 1.70 (d, J = 6.7 Hz, 6H), 2.30 (q, J = 7.4 Hz, 2H), 2.57 (dd, J = 16.0, 9.4 Hz, 1H), 2.95 (dd, J = 16.0,
4.5 Hz, 1H), 3.72-3.81 (m, 1H), 4.99 (sept, J = 6.7 Hz, 1H), 6.90 (dd, J = 8.5, 2.2 Hz, 1H), 6.98 (d, J=2.2
Hz, 1H), 7.67 (d, J = 8.5 Hz, 1H), 8.12 (s, 1H), 9.00 (s, 1H). ®C NMR (125 MHz, CDCL;): & 7.8, 21.4, 22.5,
22.6,31.0, 36.0, 47.4, 51.2, 55.3, 110.8, 113.1, 132.8, 142.1, 147.7, 151.4, 151.6, 158.3, 160.9, 210.5. (Two
aromatic peaks were missing probably due to overlapping.) HRMS (ESI): m/z calcd for C,HyyO,N, "

[M+H']: 367.2129, found: 367.2128. [a]p>> = 23.4 (c = 0.49, CHCl;). HPLC: 91:9 er (Chiralpak ID,



hexane/i-PrOH = 9:1, 1.0 mL/min, 254 nm, tg (major) = 23.4 min, tg (minor) = 29.3 min).

2. Supplementary Figures
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Supplementary Figure 1. Comparison of chiral HPLC analysis of 5aa and 5aa’.



\ \
N N

3 o

& &
N P 2b (5 mol %) N N e o
Me \/\H/Et 2-methylquinoline (20 mol %) e
" -
o DCE (0.2 M), MS3A Et
35°C,48h

10a 4a . 11a
(0.12 mmol) (0.10 mmol) 23%, 78:22 er

Supplementary Figure 2. Conjugate addition of 10a under the optimized conditions for

2-phenylpyridines.
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Supplementary Figure 3. Conjugate addition of 10a without any additives.
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Supplementary Figure 4. NMR spectra of SI-2.
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Supplementary Figure 5. NMR spectra of SI-3.
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Supplementary Figure 8. NMR spectra of [Cp*RhL][(5)-6,6’-Br,-BINSate] 2b.
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Supplementary Figure 10. NMR spectra of 3o.
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Supplementary Figure 11. NMR spectra of 3p.
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Supplementary Figure 12. NMR spectra of Saa.
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Supplementary Figure 13. NMR spectra of Sba.
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Supplementary Figure 14. NMR spectra of Sca.
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Supplementary Figure 15. NMR spectra of 5da.
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Supplementary Figure 16. NMR spectra of Sea.
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Supplementary Figure 17. NMR spectra of 5fa.
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Supplementary Figure 18. NMR spectra of 5ga.
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Supplementary Figure 19. NMR spectra of Sha.
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Supplementary Figure 20. NMR spectra of Sia.
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Supplementary Figure 23. NMR spectra of Sla.
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Supplementary Figure 24. NMR spectra of Sma.
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Supplementary Figure 25. NMR spectra of Sna.
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Supplementary Figure 26. NMR spectra of Soa.
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Supplementary Figure 27. NMR spectra of Spa.
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Supplementary Figure 28. NMR spectra of Spb.
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Supplementary Figure 30. NMR spectra of Spd.
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Supplementary Figure 32. NMR spectra of SI-S.
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Supplementary Figure 33. NMR spectra of SI-6.
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Supplementary Figure 34. NMR spectra of 12.
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Supplementary Figure 35. NMR spectra of 11a.
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Supplementary Figure 36. NMR spectra of 11b.
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Supplementary Figure 37. NMR spectra of 11e¢.
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Supplementary Figure 38. NMR spectra of 11d.



N
N Z Me (o]
©
[=2]
o
©
11e
OMe
n
3 8 1
3 S 8
«° P
)
~
A =3 < o
[=3 - - < o
8 g = 3 8 b s &
- - - ian - - - -
l 1 l l T | LJ
PPM
HH\HH‘\H\HH\‘\HHHH‘HHHH\‘\HHHH‘\\HHH\‘\HHHH‘HHHH\‘\HHHH‘HHHH\‘\HH
T /8-0//%7'0\ %M%ﬁ /g /\ /H 1-0\ T
n NOTUNUTOOTTONOTNOMNMNITIANMNTNOOCONTOTOUULMNOOVWOOWMNMULOOITNONWOWO®O® (=]
(=3 ANNOVDOONTTODOTNOONULONOODONMNMNMNOULLITANOMNMANONOMNMMOMTONOOTANNL® (=]
=1 COONNANARROOONNNANORNNNANNNNNNOOOAQAOMMONNNONNO R =]
(-2 OMNMNMNOOOOOOULLISTTTTOOOMOOMOOMOOMHOOHOOOANNNNNNNNNNNNTFTFTFTOO0OO o
‘I J‘ \ L A L { | n
PPM
‘HHH\H‘H\HHH‘\HH\H\‘HHHH\‘HHH\H‘\HHHH‘\H\HH\‘HHH\H‘H\HHH‘\H\HH\‘HHHH\‘\HHHH‘\H\HH\‘HH\HH‘\HHHH‘\H\HH\‘HHH\H‘H\HH\\‘\H\\HH‘\H\HH\‘HH\HH‘\HHHH‘HHHH\
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
=4 D2 AR = = Iq 0o N cow <+ N~ SON
2 8 BIBS = g3 58L 525 53833 B
g 88EREY 8 eg NS 85% €8 88x ~

Supplementary Figure 39. NMR spectra of 11e.
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Supplementary Figure 40. Chiral HPLC analysis of product Saa.
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Supplementary Figure 41. Chiral HPLC analysis of product Sba.
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Supplementary Figure 42. Chiral HPLC analysis of product Sca.
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Supplementary Figure 43. Chiral HPLC analysis of product 5da.
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Supplementary Figure 44. Chiral HPLC analysis of product Sea.
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Supplementary Figure 45. Chiral HPLC analysis of product 5fa.
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Supplementary Figure 46. Chiral HPLC analysis of product Sga.
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Supplementary Figure 47. Chiral HPLC analysis of product Sha.
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Supplementary Figure 48. Chiral HPLC analysis of product Sia.
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Supplementary Figure 49. Chiral HPLC analysis of product 5ja.
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Supplementary Figure 50. Chiral HPLC analysis of product 5ka.
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Supplementary Figure 51. Chiral HPLC analysis of product 5la.
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Supplementary Figure 52. ChiralAﬁPLC analysis of product Sma.
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Supplementary Figure 53. Chiral HPLC analysis of product Sna.
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Supplementary Figure 54. Chiral HPLC analysis of product Soa.
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Supplementary Figure 55. Chiral HPLC analysis of product Spa.
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Supplementary Figure 56. Chiral HPLC analysis of product Spb.
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Supplementary Figure 57. Chiral HPLC analysis of product 5pec.

Bu

Ph



260000 8.810

10.500

200000

nsity V]

Intey

100000 |

T
25.0
1200000
Me
1000000
\
N
s Me o
g
< 500000 - OTBS
MeO,C 5pd
10.393
0 A 4 A/ \‘ R
— T T v - —
0.0 5.0 10.0 15.0 20.0 25.0

B[NTP [AEE[OV AN - R[S

1.702

Supplementary Figure 58. Chiral AIr-iaPLC analysis of product Spd.
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Supplementary Figure 59. Chiral HPLC analysis of product Spe.
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Supplementary Figure 60. Chiral AIr-‘iaPLC analysis of product 11a.
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Supplementary Figure 61. Chiral HPLC analysis of product 11b.
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Supplementary Figure 62. Chiral HPLC analysis of product 11a.
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Supplementary Figure 63. Chiral HPLC analysis of product 11b.
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Supplementary Figure 64. Chiral HPLC analysis of product 11e.
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