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1. General Information

All reactions were carried out under an atmosphere of argon with magnetic stirring unless stated
otherwise. Solvents were distilled under argon from calcium hydride (CH3CN, CH2Cl>) or
sodium/benzophenone (THF, toluene). Rhodium complex rac-Rh2 and A-Rh2,' Wittig reagents
Sla-c,? glyoxylates S2a and S2c-d,>* o,a-disubstituted aldehydes 3b-j° and o, p-unsaturated acyl
imidazole 2b-c®’ were prepared according to published procedures. All other reagents were
purchased from Acros, Aldrich, Alfa and J&K, and used without further purification. Column
chromatography was performed with silica gel (300-400 mesh, Yantai Jiangyou Silica Gel
Development Co., Ltd). *H and *C NMR spectra were recorded on a Bruker AM (400 MHz) or a
Bruker AM (500 MHz) spectrometer at ambient temperature. NMR standards were used as follows:
CDCl3 =7.26 ppm (*H NMR), 77.0 ppm (**C NMR). IR spectra were recorded on a Nicolet Avatar
330 FT-IR spectrophotometer. Chiral HPLC chromatograms were obtained from an Agilent 1260
Series HPLC system. High-resolution mass spectra were recorded on a Bruker En Apex Ultra 7.0T
FT-MS instrument using ESI technique. Optical rotations were measured on an Anton Paar MCP 500
polarimeter at concentrations of 1.0 g/100 mL. Enantioselectivities were determined by chiral HPLC

and diastereoselectivities were determined by *H NMR.
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2. Synthesis of the Substrates and Racemic Products

2.1 Synthesis of a,f-Unsaturated Acyl Imidazoles

(0] o o)
NWPP% S ij)%co y
& R20,C7H ~ 1on & 2
N, N,
R' R
S1a (R' = Ph) S2a (R? = tBu) 2a (R' = Ph, R? = tBu)
S1b (R' = Me) S2b (R? = Et) 2b (R = Me, R? = Et)
S1c (R'=iPr) S2c¢ (R? = Me) 2¢ (R" = iPr, R? = Et)
S2d (R? = iPr) 2d (R' = Ph, R? = Et)
2e (R' = Ph, R? = Me)

2f (R' = Ph, R?=jPr)

General Procedure. The o,B-unsaturated acyl imidazole substrates 2a-f were synthesized
following published methods.®” Accordingly, to a solution of Sla-c (5.0 mmol) in CHzCl, (25 mL)
was added corresponding glyoxylate S2a-d (6.0 mmol). The reaction was stirred for 12 hours at
room temperature. After evaporation of the solvent, the residue was purified by flash

chromatography on silica gel (300-400 mesh, n-hexane/ethyl acetate = 5:1 to 3:1) to afford 2a-f.

(E)-tert-butyl 4-oxo-4-(1-phenyl-1H-imidazol-2-yl)but-2-enoate (2a)

Following the general procedure, reaction of Wittig reagent Sla (2.23 g, 5.0 mmol) and tert-butyl
glyoxylate S2a (0.781 g, 6.0 mmol) afforded 2a as a pale yellow solid (1.07 g, 3.59 mmol, yield:
72%).

IH NMR (400 MHz, CDCls) & 8.18 (d, J = 15.9 Hz, 1H), 7.48 (t, J = 3.2 Hz, 3H), 7.37 (d, J = 0.5

Hz, 1H), 7.34-7.28 (m, 2H), 7.25 (d, J = 0.6 Hz, 1H), 6.78 (d, J = 15.8 Hz, 1H), 1.52 (s, 9H).
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13C NMR (126 MHz, CDCls) § 178.6, 164.6, 143.2, 138.0, 136.0, 134.0, 130.5, 129.1, 129.0, 128.0,
125.8, 81.7, 28.0.

IR (film) vmax: 2918, 2850, 1716, 1673, 1631, 1492, 1446, 1404, 1369, 1306, 1149, 1042, 974, 858,
764, 737,692, 522 cm™™.,

HRMS (ESI) calcd for C17H18N203Na (M+Na) *: 321.1210, found: 321.1211.

(E)-ethyl 4-oxo-4-(1-phenyl-1H-imidazol-2-yl)but-2-enoate (2d)

0
N\W)V\CozEt
W
Ph

Following the general procedure, reaction of Wittig reagent Sla (2.23 g, 5.0 mmol) and ethyl
glyoxylate S2b (0.613 g, 6.0 mmol) afforded 2d as a pale yellow solid (1.06 g, 3.92 mmol, yield:
78%).

IH NMR (500 MHz, CDCls) & 8.33 (d, J = 15.9 Hz, 1H), 7.49 (t, J = 3.1 Hz, 3H), 7.38 (s, 1H), 7.31
(g, J = 2.8 Hz, 2H), 7.27 (s, 1H), 6.85 (d, J = 15.8 Hz, 1H), 4.28 (g, J = 7.2 Hz, 2H) 1.33 (t, J = 7.1
Hz, 3H).

13C NMR (126 MHz, CDCls) 6 178.1, 165.4, 143.2, 138.0, 136.9, 131.8, 130.6, 129.1, 129.0, 128.1,
125.8,61.2,14.1.

IR (film) vmax: 2917, 2849, 2283, 1720, 1673, 1492, 1445, 1402, 1299, 1040, 762, 691, 522 cm™.

HRMS (ESI) calcd for C1sH14N203sNa (M+Na)*: 293.0897, found: 293.0899.

S4



(E)-methyl 4-oxo-4-(1-phenyl-1H-imidazol-2-yl)but-2-enoate (2€)
0

&j)k/\cozl\/le

N

~

Ph

Following the general procedure, reaction of Wittig reagent Sla (2.23 g, 5.0 mmol) and methyl
glyoxylate S2c (0.528 g, 6.0 mmol) afforded 2e as a pale yellow solid (0.961 g, 3.75 mmol, yield:
75%).

IH NMR (500 MHz, CDCls) & 8.36 (d, J = 15.9 Hz, 1H), 7.49 (s, 3H), 7.38 (s, 1H), 7.31 (d, J = 3.1
Hz, 2H), 7.27 (s, 1H), 6.85 (d, J = 15.9 Hz, 1H), 3.82 (s, 3H).

13C NMR (126 MHz, CDCls) 6 178.0, 165.8, 143.1, 137.9, 137.2, 131.2, 130.6, 129.1, 129.0, 128.2,
125.8, 52.2.

IR (film) vmax: 2918, 2849, 1725, 1699, 1668, 1631, 1557, 1538, 1493, 1444, 1401, 1301, 1213,
1169, 1155, 1088, 1043, 974, 914, 804, 756, 701, 689, 678, 557, 523 cm™™.

HRMS (ESI) calcd for C1aH12N203Na (M+Na)*: 279.0740, found: 279.0744.

(E)-isopropyl 4-oxo-4-(1-phenyl-1H-imidazol-2-yl)but-2-enoate (2f)
0

N \j)v\CoziPr
.

N

“Ph
Following the general procedure, reaction of Wittig reagent Sla (2.23 g, 5.0 mmol) and isopropyl
glyoxylate S2d (0.697 g, 6.0 mmol) afforded 2f as a pale yellow solid (0.995 g, 3.50 mmol, yield:
70%).

IH NMR (400 MHz, CDCls) § 8.28 (d, J = 15.9 Hz, 1H), 7.49 (t, J = 3.1 Hz, 3H), 7.38 (s, 1H), 7.31
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(0, J = 2.7 Hz, 2H), 7.27 (s, 1H), 6.83 (d, J = 15.9 Hz, 1H), 5.22-5.06 (m, 1H), 1.30 (d, J = 6.2 Hz,
6H).

13C NMR (126 MHz, CDCls) 6 178.2, 164.9, 143.2, 138.0, 136.6, 132.5, 130.5, 129.1, 129.0, 128.1,
125.8, 68.8, 21.7.

IR (film) vmax: 2917, 2849, 1716, 1673, 1492, 1445, 1402, 1295, 1042, 762, 691, 522 cm™.

HRMS (ESI) calcd for C16H16N2O3Na (M+Na) *: 307.1053, found: 307.1050.

2.2 Synthesis of the Racemic Products as HPLC References

General Procedure. To a solution of 2a-f (0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL)
was added the racemic rhodium complex rac-Rh2 (1.66 mg, 0.0020 mmol) in a glass vial. After
being stirred at room temperature for 30 min, 3a-p (0.30 mmol) and N-methylbenzylamine (0.020
mmol) were added. The reaction mixture was stirred at 20 °C for 12 h. After evaporation of the
volatile organic solvent, the residue was purified by flash chromatography on silica gel (300-400
mesh, n-hexane/ethyl acetate = 5:1 to 3:1) to afford the racemic products rac-4a-u as HPLC

reference for the determination of enantiomeric excess in the asymmetric reaction.
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3. Synthesis of Rhodium Catalyst Arn-Sc-Rh1l

WO, Q/

EtOCH,CH,OH/H,0 (3:1) \
RhCls - 3 Hy0 reflux N“""Rh“‘\\\
3 2 2) B-phenylalanine O/ ‘
NaOMe (5 eq), 50 °C o N
24% yield, >99% de
tBu o

Agn-Sc-Rh1
Compound Arn-Sc-Rh1.! 5-tert-butyl-2-phenylbenzo[d]oxazole (1.030 g, 4.1 mmol) was added to
RhCl3-3H20 (418.5 mg, 2.0 mmol) in a mixture of 2-ethoxyethanol and water (3:1, 92.0 mL). The
reaction mixture was heated at 120 °C for 24 h under an atmosphere of argon. The resulting
precipitate was collected by centrifugation, washed with methanol and dried to obtain the rhodium

dimer (779.62 mg, 0.61 mmol, yield: 61%) as a pale yellow solid.

Subsequently, to a solution of NaOMe (40.5 mg, 0.75 mmol) in MeOH (16.0 mL),
(S)-3-amino-3-phenylpropanoic acid (49.6 mg, 0.30 mmol) was added in one portion. The mixture
was stirred for 30 min, to which rhodium dimer (201.3 mg, 0.150 mmol) was added. The mixture
was stirred and heated at 50 °C for 12 h to give a clear, yellow solution. The solvent was removed
in vacuo and the mixture of two diastereoisomers was washed with CH2Cl2/Et20 (1:20, v/v) until
the filtrate was almost colorless. The residual insoluble solid was dissolved in CH.Cl.. After
filtering, the filtrate was dried and collected as Arn-Sc-Rh1 (92.1 mg, 0.117 mmol, yield: 39%). The
total yield in two steps is 24%. The absolute configuration of the rhodium (I1l) complex was
assigned as Arn-Sc by its X-ray crystal structure.

IH NMR (500 MHz, CDCls) 6 8.07 (d, J = 1.4 Hz, 1H), 7.78 (d, J = 6.8 Hz, 1H), 7.72 (d, J = 6.8 Hz,
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1H), 7.67 (g, J = 5.2 Hz, 2H), 7.60 (dd, J = 8.8, 1.7 Hz, 1H), 7.54 (dd, J = 8.8, 1.5 Hz, 1H), 7.31 (t,
J=7.1Hz, 2H), 7.27 (s, 1H), 7.17 (q, J = 12.2 Hz, 3H), 7.05-6.95 (m, 2H), 6.93-6.84 (m, 2H), 6.65
(d, J = 7.7 Hz, 1H), 6.36 (d, J = 7.7 Hz, 1H), 4.82 (t, J = 12.2 Hz, 1H), 3.63 (d, J = 10.9 Hz, 1H),
2.88 (d, J = 16.9 Hz, 1H), 2.55 (t, J = 12.5 Hz, 1H), 2.42 (g, J = 11.3 Hz, 1H), 1.40 (s, 9H), 1.18 (s,
9H).

13C NMR (126 MHz, CDCls) ¢ 177.3, 172.4, 171.2, 166.4, 166.2, 164.2, 163.9, 151.5, 150.0, 148.3,
143.8, 138.3, 137.7, 135.0, 133.5, 131.3, 130.6, 129.0, 128.0, 125.8, 125.7, 125.1, 123.8, 123.5,
123.1, 123.0, 115.0, 111.7, 110.7, 110.6, 56.2, 47.3, 35.5, 35.0, 31.7, 31.4.

IR (film) vmax: 2923, 2852, 1736, 1659, 1589, 1524, 1449, 1428, 1383, 1261, 1088, 1037, 1015, 932,
805, 738, 557 cm™.

HRMS (ESI) calcd for CasHa2NsO4RhNa (M+Na) *: 790.2123, found: 790.2130.

CD (MeOH): A, nm (Ag, M-Lcm™) 301 (+46), 338 (-65), 297 (+73), 253 (-37), 230 (+10), 214 (-77),

202 (+7).
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Figure S1. CD spectrum of complex Arn-Sc-Rh1 recorded in CH3OH (0.20 mM)
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4. Asymmetric Michael Addition Catalyzed by Arn-Sc-Rh1

4.1 Optimization of the Asymmetric Michael Addition Catalyzed by Arn-Sc-Rh1l

General Procedure. To a solution of 2a (29.8 mg, 0.10 mmol) in the indicated solvent (0.10 mL)

were added the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), the indicated additive and 3a (0.041

mL, 0.30 mmol) stepwise. The reaction mixture was stirred for the indicated time at the indicated

temperature. After evaporation of the solvent, the crude product was used directly for determination

of the conversion and diastereomeric ratio by *H NMR as well as ee values by chiral HPLC.

Table S1. Conditions optimization of the asymmetric Michael-Stork addition.

o] o Arn-Sc-Rh1 | o COztBCuHO : ™ HZF\"h \\\\\
N % mol% |
@E)J\Acozmu + HJ\/Ph ;;Tili:ns» <\/\N\ weon | ) o |
*Ph Me Ph | NS
2a 3a 4a i IBUGO
Arn-Sc-Rh1

Entry  Solvent Additive T (°C) t (h) Conv. (%)* d.r? ee (%)°
1 DCE 10 mol% NH4PFs 50 3 >05 251 98.7/94
2 DCE 20 mol% NH4PF 50 3 >05 2.7:1 99.1/94
3 DCE 40 mol% NH4PFs 50 3 >05 2.5:1 98.6/92
4 DCE 5 mol% TFA 50 2 >05 2.2:1 97/98
5 DCE 10 mol% TFA 50 2 >05 3.7:1 97.7/98
6 DCE 20 mol% TFA 50 2 >05 3.4:1 99.0/95
7 DCE 40 mol% TFA 50 2 >05 3.6:1 98.4/89
8 DCE 80 mol% TFA 50 2 >05 2.7:1 96/57
9 THF 40 mol% TFA 50 2 >05 2.9:1 97/97.5
10 Toluene 40 mol% TFA 50 2 >05 3.5:1 97.8/96
11 CHsCN 40 mol% TFA 50 2 >05 2.9:1 97/85
12 MTBE 40 mol% TFA 50 2 >05 31 97.5/97
13 IPA 40 mol% TFA 50 2 >05 2.8:1 97.5/96
14 DCE 40 mol% TFA 20 4 >05 4.7:1 98.8/86
15 DCE 40 mol% TFA 0 14 >95 5.8:1 98.9/90
16 DCE 40 mol% TFA -20 49.5 85 5.6:1 98.6/74

aDetermined by 'H NMR spectroscopy. "Determined by HPLC analysis on a chiral stationary phase. DCE =

1,2-dichloroethane, MTBE = tert-butyl methyl ether, IPA = isopropanol, TFA = trifluoroacetic acid.
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4.2 Control Experiments

General Procedure for Table 1. To a solution of 2a (29.8 mg, 0.10 mmol) in anhydrous
1,2-dichloroethane (0.10 mL) were added the indicated catalyst (0.0050 mmol) and 3a (0.041 mL,
0.30 mmol) stepwise. The reaction mixture was stirred for the indicated time at 0 or 50 °C. After
evaporation of the volatile organic solvent, the crude product was used directly for determination of

the conversion and diastereomeric ratio by *H NMR as well as enantiomeric excess by chiral HPLC.

General Procedure for Table S2. To a solution of 2c (23.6 mg, 0.10 mmol) in anhydrous
1,2-dichloroethane (0.10 mL) were added the catalyst Arn-Sc-Rh1 with different ee values (25, 50,
75, 90 or 95% ee, 0.0050 mmol), trifluoroacetic acid (0.040 mmol) and 3a (0.041 mL, 0.30 mmol)
stepwise. The reaction mixture was stirred for the indicated time for 14 h at 0 °C. After evaporation
of the volatile organic solvent, the crude product was used directly for determination of the

conversion and diastereomeric ratio by *H NMR as well as enantiomeric excess by chiral HPLC.

Table S2. The relationship between ee values of Arn-Sc-Rhl and ee values of the major

diastereomer of 4c.

Entry  ee values of Arn-Sc-Rh1 (%)  Conv. (%)  ee values of the major diastereomer of 4c (%)

1 25 >95 11
2 50 >95 -16
3 75 >95 8
4 90 >95 48
5 95 >95 74
6 >99 >95 95
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Figure S2. The relationship between ee values of Arn-Sc-Rhl and ee values of the major

diastereomer of 4c.

4.3 Substrate Scope with Arn-Sc-Rh1l

4
o O ARh'SC'Rh1 o COZR
N\W)K/Aco R4 R2 _ 5mol% NMCHO
N\RS R! Method A, BorC N\R3
2a-f 3a-p 4a-u

Method A. To a solution of 2a-f (0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL) were
added the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), trifluoroacetic acid (0.040 mmol) and 3a-e

or 3g-i (0.30 mmol). The reaction mixture was stirred for 14 h at 0 °C. After evaporation of the
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solvent, the residue was purified by flash chromatography on silica gel (300-400 mesh,

n-hexane/ethyl acetate = 5:1 to 3:1) to afford the product 4a-j or 41-n.

Method B. To a solution of 2a (0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL) were added
the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), trifluoroacetic acid (0.040 mmol) and 3f or 3j
(0.30 mmol). The reaction mixture was stirred for 48 h or 36 h at 20 °C. After evaporation of the
solvent, the residue was purified by flash chromatography on silica gel (300-400 mesh,

n-hexane/ethyl acetate = 5:1 to 3:1) to afford the product 4k or 40.

Method C. To a solution of 2a (0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL) were added
the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), NHsPFs (0.010 mmol) and 3k-p (0.30 mmol).
The reaction mixture was stirred for 10 h at 20 °C. After evaporation of the solvent, the residue was
purified by flash chromatography on silica gel (300-400 mesh, n-hexane/ethyl acetate = 3:1 to 1:1)

to afford the product 4p-u.

Compound 4a

O  CO,tBu
CHO

s
<\/N\ me” “pp
Ph
Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3a (0.041 mL, 0.30 mmol) afforded
4a (37.6 mg, 0.0869 mmol, yield: 87%). The diastereomeric ratio was determined as 5.8:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee

= 98.9%/90% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.4 mL/min, 25 °C,
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t((major) = 25.3 min, t(major) = 29.3 min, t{(minor) = 31.6 min, t(minor) = 73.2 min). [a]p?® =

-127.9° (¢ 1.0, CHCla).
Analytic data of the major diastereomer:

IH NMR (400 MHz, CDCls) 6 9.75 (s, 1H), 7.50-7.46 (m, 3H), 7.40-7.36 (m, 3H), 7.30-7.27 (m,
5H), 7.19 (s, 1H), 4.14 (dd, J = 11.4, 1.6 Hz, 1H), 3.87 (q, J = 11.2 Hz, 1H), 2.45 (dd, J = 17.8, 2.0

Hz, 1H), 1.55 (s, 3H), 1.40 (s, 9H).

13C NMR (101 MHz, CDCls) § 198.7, 189.0, 171.2, 142.5, 138.2, 137.2, 129.4, 129.2, 128.9, 128.8,

127.6, 127.0, 126.8, 125.8, 82.5, 55.2, 46.3, 35.5, 27.8, 13.7.

IR (film) vmax: 2925, 2853, 2720, 1726, 1689, 1597, 1527, 1494, 1447, 1410, 1368, 1344, 1304,

1235, 1154, 1075, 1035, 1002, 968, 931, 914, 884, 844, 764, 697, 554, 523 cm™.

HRMS (ESI) calcd for C2sH2sN204Na (M+Na) *: 455.1941, found: 455.1942.

Compound 4b

O  CO,Et
CHO

O
<\/N\ Me” “ph
Me
Following Method A, reaction of 2b (20.8 mg, 0.10 mmol) and 3a (0.041 mL, 0.30 mmol) afforded
4b (23.9 mg, 0.0698 mmol, yield: 70%). The diastereomeric ratio was determined as 3.9:1 by H

NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee

= 96%/78% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 90:10, flow rate: 0.8 mL/min, 25 °C,
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t((major) = 24.2 min, t(major) = 27.6 min, t{(minor) = 33.9 min, t(minor) = 49.4 min). [a]p?® =

-86.7° (¢ 1.0, CHCIs).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.80 (s, 1H), 7.37 (d, J = 2.8 Hz, 4H), 7.26 (t, J = 3.6 Hz, 1H), 7.10
(s, 1H), 6.99 (s, 1H), 4.25-4.19 (m, 1H), 4.18-4.10 (m, 2H), 3.94 (s, 3H), 3.85-3.75 (M, 1H), 2.62

(dd, J = 18.2, 2.1 Hz, 1H), 1.54 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H).

13C NMR (126 MHz, CDCls) 6 198.9, 190.0, 172.2, 142.2, 136.9, 129.2, 128.8, 128.7, 127.7, 127.1,

61.4,55.1,45.3, 36.1, 35.7, 14.0, 13.9.

IR (film) vmax: 2956, 2921, 2850, 1728, 1678, 1646, 1494, 1467, 1446, 1414, 1371, 1351, 1326,

1289, 1258, 1218, 1180, 1157, 1135, 1080, 1030, 995, 915, 930, 915, 867, 767, 701, 522 cm™,

HRMS (ESI) calcd for C19H22N204Na (M+Na) *: 365.1472, found: 365.1471.

Compound 4c

O COEt

NMCHO
~ -,
<\/N Me™ “pn

NiPr

Reaction with 3 equivalents of 3a: Following Method A, reaction of 2c (23.6 mg, 0.10 mmol) and

3a (0.041 mL, 0.30 mmol) afforded 4c (24.4 mg, 0.0659 mmol, yield: 66%). The diastereomeric
ratio was determined as 4.0:1 by *H NMR. Enantiomeric excess was established by HPLC analysis

using a Chiralpak AD-H column, ee = 95%/61% (HPLC: AD-H, 254 nm, n-hexane/isopropanol =

S14



93:7, flow rate: 0.4 mL/min, 25 °C, t(minor) = 43.0 min, t(major) = 51.8 min, t(minor) = 80.7 min,

t(major) = 84.6 min). [a]o®® =-94.9° (c 1.0, CHCls).

Reaction with 1.2 equivalents of 3a: To a solution of 2¢ (23.6 mg, 0.10 mmol) in anhydrous

1,2-dichloroethane (0.10 mL) were added the catalyst Arn-Sc-Rhl (3.84 mg, 0.0050 mmol),
trifluoroacetic acid (0.040 mmol) and 3a (0.016 mL, 0.12 mmol). The reaction mixture was stirred
for 33 h at 0 °C (Conv. > 95%). After evaporation of the solvent, the residue was purified by flash
chromatography on silica gel (300-400 mesh, n-hexane/ethyl acetate = 5:1 to 3:1) to afford the
product 4c (21.2 mg, 0.0539 mmol, yield: 54%). The diastereomeric ratio was determined as 4.2:1
by 'H NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak AD-H

column, ee = 94%/44%.

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) § 9.80 (s, 1H), 7.40-7.37 (m, 4H), 7.30-7.28 (m, 1H), 7.22 (s, 1H),
7.12 (s, 1H), 5.51-5.47 (m, 1H), 4.25-4.22 (m, 1H), 4.19-4.14 (m, 2H), 3.85-3.80 (m, 1H), 2.64 (dd,

J=18.0, 2.2 Hz, 1H), 1.54 (s, 3H), 1.41 (q, J = 6.3 Hz, 6H), 1.19 (t, J = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCls) § 199.0, 190.2, 172.3, 141.6, 136.9, 129.4, 129.2, 127.7, 127.2, 121.1,

61.3,55.2,49.2,45.4,36.2, 23.5, 23.5, 14.1, 13.9.

IR (film) vmax: 2957, 2922, 2850, 1728, 1676, 1494, 1466, 1397, 1371, 1351, 1255, 1180, 1133,

1087, 1027, 986, 929, 916, 764, 700 cm™.

HRMS (ESI) calcd for C21H26N204Na (M+Na) *: 393.1785, found: 393.1785.
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Compound 4d

O  CO.Et
CHO

RIS
&N M’ “Ph
"Ph
Following Method A, reaction of 2d (27.0 mg, 0.10 mmol) and 3a (0.041 mL, 0.30 mmol) afforded
4d (31.8 mg, 0.0786 mmol, yield: 79%). The diastereomeric ratio was determined as 3.5:1 by 'H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak AD-H column, ee
= 98.0%/97% (HPLC: AD-H, 254 nm, n-hexane/isopropanol = 90:10, flow rate: 0.8 mL/min, 25 °C,

t(major) = 19.7 min, t{(minor) = 21.6 min, t(major) = 33.8 min, t(minor) = 39.2 min). [a]o® =

-111.7° (¢ 1.0, CHCly).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.74 (s, 1H), 7.50-7.45 (m, 3H), 7.40-7.35 (m, 3H), 7.30-7.26 (m,
5H), 7.14 (s, 1H), 4.20-4.10 (m, 3H), 3.87 (q, J = 6.7 Hz, 1H), 2.55 (dd, J = 18.0, 1.6 Hz, 1H), 1.52

(s, 3H), 1.16 (t, J = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCls) 6 198.7, 188.6, 172.1, 142.2, 138.0, 136.8, 129.4, 129.3, 128.9, 128.7,

127.7,127.6, 127.1, 125.8, 61.4, 55.1, 45.2, 35.6, 14.0, 13.9.
IR (film) vimax: 2955, 2919, 2850, 2934, 1730, 1687, 1493, 1467, 1409, 1377, 1304, 1039, 967 cm™,

HRMS (ESI) calcd for C2sH24N204Na (M+Na) *: 427.1628, found: 427.1628.
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Compound 4e

O CO,Me
CHO

P
<\/N Me” “ph
"Ph
Following Method A, reaction of 2e (25.6 mg, 0.10 mmol) and 3a (0.041 mL, 0.30 mmol) afforded
4e (37.3 mg, 0.0955 mmol, yield: 96%). The diastereomeric ratio was determined as 3.8:1 by *H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak IC column, ee =
98.0%/95% (HPLC: IC, 254 nm, n-hexane/isopropanol = 60:40, flow rate: 0.8 mL/min, 25 °C,

t(minor) = 17.5 min, t(major) = 21.1 min, t{(major) = 26.3 min, t(minor) = 41.2 min). [o]o® =

-133.5° (¢ 1.0, CHCla).
Analytic data of the major diastereomer:

IH NMR (400 MHz, CDCls) 6 9.74 (s, 1H), 7.50-7.47 (m, 3H), 7.40-7.37 (m, 3H), 7.30-7.26 (m,
5H), 7.16 (s, 1H), 4.20 (dd, J = 11.2, 1.7 Hz, 1H), 3.87 (q, J = 11.3 Hz, 1H), 3.65 (s, 3H), 2.63 (dd,

J=18.2, 2.0 Hz, 1H), 1.54 (s, 3H).

13C NMR (101 MHz, CDCls) § 198.7, 188.5, 172.6, 142.2, 138.0, 136.8, 129.4, 129.3, 129.0, 128.9,

127.8,127.4,127.1, 125.8, 55.2, 52.0, 45.2, 35.9, 14.1.
IR (film) vmax: 2955, 2918, 2850, 1732, 1687, 1494, 1467, 1410, 1377, 1040 cm™.

HRMS (ESI) calcd for C23sH22N204Na (M+Na) *: 413.1472, found: 413.1474.
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Compound 4f

O  COiPr
CHO

NM
<\/N\ Me™ 'Ph

Ph
Following Method A, reaction of 2f (28.4 mg, 0.10 mmol) and 3a (0.041 mL, 0.30 mmol) afforded
4f (35.2 mg, 0.0841 mmol, yield: 84%). The diastereomeric ratio was determined as 3.9:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak IC column, ee =
98.1%/93% (HPLC: IC, 254 nm, n-hexane/isopropanol = 80:20, flow rate: 1 mL/min, 25 °C,
t(major) = 18.9 min, t(minor) = 22.8 min, t(major) = 35.4 min, t(minor) = 64.1 min). [a]o® =

-129.3° (¢ 1.0, CHCla).
Analytic data of the major diastereomer:

IH NMR (400 MHz, CDCls) 6 9.77 (s, 1H), 7.50-7.46 (m, 3H), 7.40-7.36 (m, 3H), 7.30-7.27 (m,
5H), 7.16 (d, J = 1.0 Hz, 1H), 5.02-4.98 (m, 1H), 4.17 (dd, J = 11.3, 2.2 Hz, 1H), 3.90 (g, J = 11.3
Hz, 1H), 2.54 (dd, J = 18.0, 2.3 Hz, 1H), 1.55 (s, 3H), 1.20 (d, J = 6.3 Hz, 3H), 1.16 (d, J = 6.3 Hz,

3H).

13C NMR (101 MHz, CDCls) § 198.7, 188.8, 171.6, 142.4, 138.1, 137.1, 129.4, 129.3, 128.9, 128.8,

128.7,127.7, 127.1, 125.8, 69.4, 55.2, 45.5, 35.7, 21.6, 21.4, 14.0.

IR (film) vmax: 2956, 2924, 2852, 1727, 1689, 1597, 1494, 1447, 1410, 1375, 1341, 1304, 1261,

1224, 1180, 1147, 1107, 1075, 1036, 1002, 968, 931, 914, 871, 767, 698, 522 cm™.

HRMS (ESI) calcd for CasH26N20sNa (M+Na) *: 441.1785, found: 441.1787.

S18



Compound 4g

O CO,tBu
N CHO
<\/N Me *
"Ph

Br
Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3b (64.0 mg, 0.30 mmol) afforded
4g (50.6 mg, 0.0990 mmol, yield: 99%). The diastereomeric ratio was determined as 5.4:1 by 'H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 98.7%/93% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.4 mL/min, 25 °C,
t(major) = 21.5 min, t(major) = 25.8 min, t{(minor) = 35.5 min, t(minor) = 51.9 min). [a]p® =

-136.5° (¢ 1.0, CHCla).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCl3) & 9.68 (s, 1H), 7.50-7.46 (m, 5H), 7.30-7.24 (m, 5H), 7.16-7.15 (m,
1H), 4.07 (dd, J = 11.1, 2.2 Hz, 1H), 3.84 (q, J = 11.1 Hz, 1H), 2.42 (dd, J = 17.8, 2.3 Hz, 1H), 1.50

(s, 3H), 1.37 (s, 9H).

13C NMR (126 MHz, CDCls) 6 198.2, 188.7, 170.9, 142.3, 138.1, 136.3, 132.3, 129.7, 129.5, 128.9,

128.8, 127.0, 125.8, 122.0, 82.7, 54.9, 46.1, 35.4, 27.8, 13.8.

IR (film) vmax: 2922, 2851, 1726, 1688, 1597, 1493, 1448, 1410, 1368, 1344, 1304, 1235, 1153,

1038, 1008, 968, 914, 766, 693, 522 cm™,

HRMS (ESI) calcd for C2sH27BrN204Na (M+Na) *: 533.1046, found: 533.1049.
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Compound 4h

O  CO,tBu
Ne CHO
<\/N me’
Ph

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3c (57.1 mg, 0.30 mmol) afforded
4h (45.7 mg, 0.0935 mmol, yield: 94%). The diastereomeric ratio was determined as 2.5:1 by 'H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 97%/95% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 90:10, flow rate: 0.5 mL/min, 25 °C,
t(major) = 11.2 min, t(major) = 12.2 min, t(minor) = 16.5 min, t(minor) = 22.5 min). [a]o® =

-115.6° (¢ 1.0, CHCl5).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCl3) & 9.69 (s, 1H), 7.46-7.41 (m, 3H), 7.37-7.34 (m, 2H), 7.27-7.20 (m,
5H), 7.14 (s, 1H), 4.12 (d, J = 11.5 Hz, 1H), 3.85 (q, J = 11.7 Hz, 1H), 2.46 (dd, J = 17.7, 1.7 Hz,

1H), 1.50 (s, 3H), 1.38 (s, 9H), 1.27 (s, 9H).

13C NMR (126 MHz, CDCls) § 198.7, 189.3, 171.4, 150.5, 142.5, 138.2, 133.8, 129.4, 128.9, 128.7,

127.7,126.7, 126.2, 125.7, 82.4, 54.8, 46.2, 34.4, 31.2, 27.8, 22.6, 13.6.

IR (film) vmax: 2962, 2927, 2869, 1726, 1689, 1597, 1505, 1494, 1447, 1410, 1367, 1345, 1304,

1270, 1234, 1155, 1116, 1074, 1036, 1021, 1002, 968, 914, 885, 844, 766, 6932, 579 cm™.

HRMS (ESI) calcd for CaoH3sN204Na (M+Na) *: 511.2567, found: 511.25609.
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Compound 4i

O CO,tBu
N« CHO
<\/N Me %
Ph

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3d (49.3 mg, 0.30 mmol) afforded
4i (41.5 mg, 0.0897 mmol, yield: 90%). The diastereomeric ratio was determined as 4.7:1 by ‘H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 98.6%/95% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 93:7, flow rate: 0.6 mL/min, 25 °C,
t(major) = 23.6 min, t(major) = 28.3 min, t(minor) = 30.5 min, t(minor) = 47.2 min). [a]p® =

-166.1° (¢ 1.0, CHCl3).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) & 9.67 (s, 1H), 7.45-7.42 (m, 3H), 7.28-7.23 (m, 5H), 7.14 (s, 1H),
6.89-6.84 (m, 2H), 4.08-4.05 (m, 1H), 3.87-3.80 (m, 1H), 3.76 (s, 3H), 2.46 (dd, J = 17.9, 1.9 Hz,

1H), 1.49 (s, 3H), 1.37 (s, 9H).

13C NMR (126 MHz, CDCls) § 198.5, 189.1, 171.3, 158.9, 142.4, 138.1, 129.4, 129.2, 128.9, 128.8,

128.2, 126.8, 125.7, 114.6, 82.4, 55.2, 54.5, 46.2, 35.4, 27.8, 13.8.

IR (film) vmax: 2956, 2922, 2850, 1724, 1688, 1608, 1513, 1494, 1447, 1410, 1368, 1344, 1303,

1255, 1186, 1154, 1075, 1033, 1002, 968, 914, 884, 844, 830, 768, 731, 695, 549 cm™,

HRMS (ESI) calcd for C27H30N20sNa (M+Na) *: 485.2047, found: 485.2051.
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Compound 4j

O CO,Bu

N _CHO
Wl we™

oS

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3e (44.5 mg, 0.30 mmol) afforded
4j (39.8 mg, 0.0891 mmol, yield: 89%). The diastereomeric ratio was determined as 5.5:1 by ‘H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 98.8%/94% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 93:7, flow rate: 0.6 mL/min, 25 °C,
t(major) = 14.0 min, t(major) = 16.7 min, t{(minor) = 20.9 min, t(minor) = 30.4 min). [a]p® =

-142.9° (¢ 1.0, CHCl3).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.70 (s, 1H), 7.45-7.41 (m, 3H), 7.28-7.20 (m, 4H), 7.14 (d, J = 7.8
Hz, 4H), 4.14-4.08 (m, 1H), 3.83 (g, J = 11.5 Hz, 1H), 2.44 (d, J = 17.8 Hz, 1H), 2.29 (s, 3H), 1.49

(s, 3H), 1.37 (s, 9H).

13C NMR (126 MHz, CDCls) 6 198.7, 189.1, 171.3, 142.4, 138.1, 137.4, 134.0, 130.0, 129.3, 128.9,

128.8, 126.9, 126.8, 125.8, 82.4, 54.8, 46.2, 35.5, 27.8, 20.9, 13.7.

IR (film) vmax: 2924, 2852, 1725, 1689, 1597, 1494, 1448, 1410, 1368, 1344, 1304, 1235, 1154,

1038, 1002, 968, 914, 845, 813, 767, 722, 694, 522 cm™,

HRMS (ESI) calcd for C27H30N204Na (M+Na) *: 469.2098, found: 469.2101.
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Compound 4k

O  CO,tBu
CHO

Following Method B, reaction of 2a (29.8 mg, 0.10 mmol) and 3f (44.5 mg, 0.30 mmol) afforded
4k (31.5 mg, 0.0705 mmol, yield: 71%). The diastereomeric ratio was determined as 2.3:1 by 'H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak 1B column, ee =
89%/86% (HPLC: 1B, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.4 mL/min, 25 °C, t(major)
= 19.8 min, t.(major) = 21.3 min, t.(minor) = 23.8 min, t{(minor) = 26.6 min). [a]p?® = -89.5° (¢ 1.0,

CHCly).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCl3) 6 10.11 (s, 1H), 7.43-7.40 (m, 5H), 7.33-7.23 (m, 3H), 7.18-7.09 (m,
3H), 4.18 (dd, J = 11.2, 2.1 Hz, 1H), 3.82-3.75 (m, 1H), 2.48 (dd, J = 17.5, 2.2 Hz, 1H), 2.38 (s,

3H), 1.57 (s, 3H), 1.37 (s, 9H).

13C NMR (126 MHz, CDCls) 6 201.3, 189.1, 171.8,, 142.6, 138.2, 137.4, 136.4, 132.8, 129.6, 128.8,

128.7, 128.2, 127.8, 126.8, 126.5, 125.7, 82.0, 55.8, 44.9, 36.7, 27.8, 23.1, 17.5.

IR (film) vmax: 2925, 2853, 1722, 1689, 1597, 1493, 1447, 1409, 1368, 1345, 1304, 1256, 1233,

1152, 1037, 1002, 967, 914, 845, 762, 727, 693, 522 cm™.

HRMS (ESI) calcd for C27H30N204Na (M+Na) *: 469.2098, found: 469.2098.
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Compound 4l

O CO,tBu
N _CHO
A e C/ >
"Ph
Me

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3g (44.5 mg, 0.30 mmol) afforded
41 (38.9 mg, 0.0871 mmol, yield: 87%). The diastereomeric ratio was determined as 3.4:1 by 'H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
=97.8%/97.6% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.5 mL/min, 25 °C,
t(major) = 16.0 min, t(major) = 18.0 min, t{(minor) = 20.4 min, t(minor) = 44.7 min). [a]p® =

-141.4° (¢ 1.0, CHCl3).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.73 (s, 1H), 7.45-7.41 (m, 3H), 7.27-7.20 (m, 4H), 7.13 (s, 2H),
7.10-7.04 (m, 2H), 4.11 (d, J = 11.1 Hz, 1H), 3.85 (q, J = 11.4 Hz, 1H), 2.44 (d, J = 17.8 Hz, 1H),

2.31 (s, 3H), 1.50 (s, 3H), 1.38 (s, 9H).

13C NMR (126 MHz, CDCls) 6 198.9, 189.2, 171.3, 142.6, 138.9, 138.2, 137.0, 129.5, 129.0, 128.9,

128.7, 128.3, 127.7, 126.8, 125.7, 124.0, 82.4, 55.0, 46.3, 35.4, 27.8, 21.6, 13.6.

IR (film) vmax: 2925, 2853, 1727, 1689, 1598, 1493, 1448, 1410, 1368, 1344, 1304, 1233, 1154,

1075, 1036, 1022, 1002, 968, 930, 914, 844, 765, 694 cm™.,

HRMS (ESI) calcd for C27H30N204Na (M+Na) *: 469.2098, found: 469.2097.
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Compound 4m

O  CO,Bu
N CHO

<\/\N Me . l
"Ph O

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3h (56.0 mg, 0.30 mmol) afforded
4m (47.8 mg, 0.0991 mmol, yield: 99%). The diastereomeric ratio was determined as 3.8:1 by *H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 98.3%/95% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.7 mL/min, 25 °C,
t(major) = 16.4 min, t(major) = 20.8 min, t{(minor) = 24.7 min, t(minor) = 28.9 min). [a]p® =

-169.8° (c 1.0, CHCla).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.85 (s, 1H), 7.84-7.76 (m, 4H), 7.50-7.46 (m, 3H), 7.44-7.40 (m,
3H), 7.20-7.18 (m, 3H), 7.09 (d, J = 0.9 Hz, 1H), 4.26 (dd, J = 11.2, 2.3 Hz, 1H), 3.91-3.84 (m, 1H),

2.46 (dd, J = 17.9, 2.4 Hz, 1H), 1.65 (s, 3H), 1.40 (s, 9H).

13C NMR (126 MHz, CDCls) § 198.7, 188.9, 171.2, 142.3, 138.1, 134.6, 133.4, 132.3, 129.3, 129.0,
128.9, 128.8, 128.1, 127.4, 126.8, 126.7, 126.5, 126.5, 125.7, 124.1, 82.5, 55.2, 46.3, 35.6, 27.8,

13.9.

IR (film) vmax: 2924, 2852, 1725, 1689, 1597, 1494, 1448, 1410, 1368, 1344, 1304, 1235, 1154,

1037, 1002, 968, 914, 894, 843, 817, 758, 694, 522, 478 cm™.

HRMS (ESI) calcd for CzoH30N204Na (M+Na) *: 505.2098, found: 505.2100.
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Compound 4n

O  CO,tBu
CHO

Following Method A, reaction of 2a (29.8 mg, 0.10 mmol) and 3i (43.0 mg, 0.30 mmol) afforded
4n (32.3 mg, 0.0737 mmol, yield: 74%). The diastereomeric ratio was determined as 3.7:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 98.9%/98.5% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 92:8, flow rate: 0.5 mL/min, 25 °C,
t(major) = 25.3 min, t(major) = 26.7 min, t{(minor) = 29.3 min, t(minor) = 42.8 min). [a]p® =

-132.8° (¢ 1.0, CHCl3).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) & 9.58 (s, 1H), 7.45-7.43 (m, 3H), 7.29-7.25 (m, 4H), 7.16 (s, 1H),
7.02-6.97 (m, 1H), 6.93 (d, J = 3.0 Hz, 1H), 3.98-3.90 (m, 2H), 2.67 (d, J = 15.3 Hz, 1H), 1.56 (s,

3H), 1.37 (s, 9H).

13C NMR (126 MHz, CDCls) § 195.7, 188.9, 170.4, 142.5, 141.6, 138.1, 129.5, 128.9, 128.8, 127.7,

126.9, 126.3, 125.8, 125.7, 82.7,54.4, 47.1, 35.5, 27.8, 15.0.

IR (film) vmax: 2923, 2851, 1728, 1689, 1597, 1494, 1448, 1410, 1368, 1344, 1304, 1236, 1153,

1076, 1036, 1002, 968, 914, 884, 844, 767, 695, 522 cm™.

HRMS (ESI) calcd for C24H26N204SNa (M+Na) *: 461.1505, found: 461.1507.
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Compound 40

O  CO,tBu
CHO

NM
N .,
<\/N Bt “Ph

Ph
Following Method B, reaction of 2a (29.8 mg, 0.10 mmol) and 3j (44.5 mg, 0.30 mmol) afforded
40 (40.8 mg, 0.0915 mmol, yield: 92%). The diastereomeric ratio was determined as 2.0:1 by *H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak 1A column, ee =
96%/85% (HPLC: 1A, 254 nm, n-hexane/isopropanol = 95:5, flow rate: 0.4 mL/min, 25 °C, t(major)
= 38.7 min, t((major) = 39.6 min, t{(minor) = 51.7 min, t,(minor) = 55.7 min). [o]o®® = -57.0° (¢ 1.0,

CHCIsy).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.74 (s, 1H), 7.44-7.38 (m, 4H), 7.29-7.22 (m, 7H), 7.14 (s, 1H),
3.87-3.73 (m, 2H), 3.00 (dd, J = 17.7, 2.0 Hz, 1H), 2.11-1.94 (m, 2H), 1.29 (s, 9H), 0.95 (t, J = 7.4

Hz, 3H).

13C NMR (126 MHz, CDCls) 6 200.5, 188.9, 171.7, 142.4, 138.1, 137.0, 129.4, 128.9, 128.7, 128.6,

128.1, 127.5, 126.8, 125.8, 81.6, 58.5, 44.7, 37.4, 27.7, 24.6, 9.0.

IR (film) vmax: 2964, 2925, 2852, 1723, 1689, 1597, 1494, 1447, 1409, 1368, 1304, 1256, 1231,

1153, 1038, 1002, 966, 914, 886, 846, 762, 701, 522 cm™.

HRMS (ESI) calcd for C27H30N204Na (M+Na) *: 469.2098, found: 469.2099.
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Compound 4p

O  CO,tBu
CHO

P
<\/N Me ’I//Et
"Ph
Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 3k (0.033 mL, 0.30 mmol) afforded
4p (35.9 mg, 0.0935 mmol, yield: 94%). The diastereomeric ratio was determined as 2.1:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 99.4%/97% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 95:5, flow rate: 0.4 mL/min, 25 °C,

t(major) = 28.4 min, t{(minor) = 29.6 min, t(minor) = 33.7 min, t(major) = 36.2 min). [a]o® =

-59.0° (¢ 1.0, CHCIs).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.58 (s, 1H), 7.44-7.41 (m, 3H), 7.28-7.25 (m, 3H), 7.20 (s, 1H),
3.81(q, J = 11.1 Hz, 1H), 3.41 (dd, J = 11.2, 3.0 Hz, 1H), 3.00 (dd, J = 17.7, 3.1 Hz, 1H), 1.63-1.54

(m, 2H), 1.33 (s, 9H), 1.03 (s, 3H), 0.81 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, CDCls) 6 204.0, 189.3, 171.7, 142.7, 138.2, 129.6, 128.9, 128.7, 126.9, 125.7,

82.0,50.6, 45.5, 35.1, 27.8, 27.7, 14.1, 8.2.

IR (film) vmax: 2955, 2918, 2850, 1726, 1691, 1494, 1467, 1410, 1367, 1153, 1041, 967, 764, 556

cm?,

HRMS (ESI) calcd for C22H2sN20sNa (M+Na) *: 407.1941, found: 407.1943.
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Compound 4q

O  CO,tBu
CHO

NM
~ >,
<\/N\ Me" “nPr

Ph
Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 31 (0.037 mL, 0.30 mmol) afforded
4q (38.3 mg, 0.0961 mmol, yield: 96%). The diastereomeric ratio was determined as 1.8:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column, ee
= 99.3%/98.8% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 94:6, flow rate: 0.5 mL/min, 25 °C,
t{(major) = 18.0 min, t(minor) = 19.9 min, t(minor) = 21.0 min, t(major) = 22.7 min). [a]o® =

-55.1° (¢ 1.0, CHCIs).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) § 9.59 (s, 1H), 7.44-7.43 (m, 3H), 7.29-7.26 (m, 3H), 7.20 (s, 1H),
3.83(q, J = 11.2 Hz, 1H), 3.40 (dd, J = 11.2, 2.6 Hz, 1H), 3.00 (dd, J = 17.7, 2.7 Hz, 1H), 1.50-1.46

(m, 2H), 1.33 (s, 9H), 1.04 (s, 3H), 0.90-0.84 (m, 5H).

13C NMR (126 MHz, CDCls) 6 204.1, 189.3, 171.6, 142.7, 138.2, 129.6, 128.9, 128.7, 126.9, 125.7,

82.0,50.5, 45.6, 37.5, 35.2, 27.7,17.0, 14.6, 14.6.

IR (film) vmax: 2960, 2924, 2851, 1724, 1689, 1597, 1494, 1447, 1410, 1367, 1304, 1250, 1229,

1149, 1039, 967, 914, 846, 765, 692, 522 cm™™.

HRMS (ESI) calcd for C23sH3oN20sNa (M+Na) *: 421.2098, found: 421.2099.

S29



Compound 4r
O CO,tBu
N CHO
&N Me” “CH,CH,CH=CMe,
"Ph

Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 3m (0.0480 mL, 0.30 mmol)
afforded (41.6 mg, 0.0949 mmol, yield: 95%). The diastereomeric ratio was determined as 1.8:1 by
'H NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-H column,
ee = 99.4%/99.3% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 88:12, flow rate: 0.2 mL/min,
25 °C, t(major) = 28.8 min, t,(minor) = 31.8 min, t(minor) = 32.7 min, t(major) = 34.9 min). [a]o%

=-39.8° (c 1.0, CHCIg).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.60 (s, 1H), 7.44-7.43 (m, 3H), 7.29-7.25 (m, 3H), 7.19 (s, 1H),
5.04-4.95 (m, 1H), 3.82 (q, J = 11.1 Hz, 1H), 3.41 (dd, J = 11.2, 2.8 Hz, 1H), 3.01 (dd, J = 17.7, 2.9

Hz, 1H), 2.01-1.87 (m, 3H), 1.81-1.73 (m, 1H), 1.64 (s, 3H), 1.53 (s, 3H), 1.33 (s, 9H), 1.06 (s, 3H).

13C NMR (126 MHz, CDCls) 6 203.8, 189.2, 171.5, 142.7, 138.2, 132.5, 129.6, 128.9, 128.7, 126.9,

125.7, 123.2, 82.0, 50.4, 45.7, 35.2, 35.2, 27.7, 25.6, 22.4, 17.6, 14.4.

IR (film) vmax: 2922, 2851, 1722, 1689, 1645, 1598, 1494, 1447, 1409, 1367, 1344, 1304, 1244,

1150, 1074, 1038, 1021, 1001, 966, 914, 845, 764, 692 cm™.

HRMS (ESI) calcd for C2sH3sN20sNa (M+Na) *: 461.2411, found: 461.2412.
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Compound 4s

O  CO,tBu
CHO
~ ,,,’/
&N\ Me” "CH,(4-tBuPh)
Ph

Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 3n (0.0650 mL, 0.30 mmol)
afforded 4s (48.9 mg, 0.0973 mmol, yield: 97%). The diastereomeric ratio was determined as 2.7:1
by *H NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak IC column,
ee = 99.2%/23% (HPLC: IC, 254 nm, n-hexane/isopropanol = 90:10, flow rate: 1 mL/min, 25 °C,
t(major) = 31.2 min, t(major) = 40.4 min, t{(minor) = 49.2 min, t(minor) = 85.7 min). [a]p® =

-61.3° (¢ 1.0, CHCl3).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.64 (s, 1H), 7.44-7.43 (m, 3H), 7.30-7.25 (m, 5H), 7.20 (s, 1H),
6.97 (d J = 8.0 Hz, 2H), 3.91 (g, J = 11.0 Hz, 1H), 3.46 (dd, J = 11.0, 2.6 Hz, 1H), 3.28-3.22 (m,

1H), 2.94 (d, J = 13.8 Hz, 1H), 2.74 (d, J = 13.7 Hz, 1H), 1.33 (s, 9H), 1.27 (s, 9H), 1.04 (s, 3H).

13C NMR (126 MHz, CDCls) 6 204.0, 189.0, 171.6, 149.6, 142.7, 138.1, 132.2, 130.2, 130.0, 129.7,

128.9, 126.9, 125.7, 125.2, 82.1, 51.4, 45.6, 40.7, 35.6, 34.3, 31.2, 27.7, 15.1.

IR (film) vmax: 2962, 2927, 2869, 2720, 1725, 1690, 1598, 1494, 1448, 1410, 1367, 1345, 1305,

1246, 1152, 1110, 1074, 1036, 1021, 1002, 967, 914, 874, 844, 803, 766, 693, 571, 524 cm™.

HRMS (ESI) calcd for Ca1H3sN20sNa (M+Na) *: 525.2724, found: 525.2720.
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Compound 4t

O  CO,tBu
N CHO
X -
<\/N\ Me" "NHBoc
Ph

Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 3o (52.0 mg, 0.30 mmol) afforded
4t (46.7 mg, 0.0990 mmol, yield: 99%). The diastereomeric ratio was determined as 4.2:1 by H
NMR. Enantiomeric excess was established by HPLC analysis using a Chiralpak AD-H column, ee
= 98.2%/97% (HPLC: AD-H, 254 nm, n-hexane/isopropanol = 93:7, flow rate: 0.8 mL/min, 25 °C,
t(minor) = 22.7 min, t(major) = 27.0 min, t(major) = 31.6 min, t(minor) = 58.0 min). [a]o® =

-38.3° (c 1.0, CHCls).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.43 (s, 1H), 7.44-7.40 (m, 3H), 7.27 (d, J = 1.9 Hz, 1H), 7.25-7.23
(m, 2H), 7.17 (d, J = 0.7 Hz, 1H), 5.94 (s, 1H), 3.73-3.67 (m, 1H), 3.35-3.31 (m, 1H), 3.26-3.19 (m,

1H), 1.43 (s, 3H), 1.43 (s, 9H), 1.39 (s, 9H).

13C NMR (126 MHz, CDCls) 6 198.9, 188.2, 170.7, 154.7, 142.3, 138.1, 129.7, 128.9, 128.7, 127.0,

125.8, 82.5,61.9, 44.9, 36.7, 28.2, 27.8, 22.6, 14.1.

IR (film) vmax: 3390, 2976, 2927, 2854, 1716, 1695, 1598, 1494, 1449, 1411, 1393, 1368, 1305,

1259, 1157, 1057, 1036, 967, 914, 845, 802, 761, 693, 521 cm™.

HRMS (ESI) calcd for CasH33N3OsNa (M+Na) *: 494.2262, found: 494.2260.
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Compound 4u

O  CO,tBu
CHO

W AT
<\/N\ Me  Me

Ph

Following Method C, reaction of 2a (29.8 mg, 0.10 mmol) and 3p (52.0 mg, 0.30 mmol) afforded
4u (30.3 mg, 0.0820 mmol, yield: 82%). Enantiomeric excess was established by HPLC analysis
using a Chiralpak OD-H column, ee = 99.2% (HPLC: OD-H, 254 nm, n-hexane/isopropanol =
90:10, flow rate: 0.7 mL/min, 25 °C, t(minor) = 11.8 min, t(major) = 13.9 min). [0]o®® = -49.5° (c

1.0, CHCIy).
Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCls) 6 9.46 (s, 1H), 7.40-7.32 (m, 3H), 7.24-7.16 (m, 3H), 7.12 (s, 1H),
3.73(q, J = 11.1 Hz, 1H), 3.22 (d, J =8.8 Hz, 1H), 2.95 (d, J = 16.0 Hz, 1H), 1.27 (s, 9H), 1.00 (d, J

= 3.3 Hz, 6H).

13C NMR (126 MHz, CDCls) 6 203.2, 189.1, 171.5, 142.6, 138.1, 129.6, 128.9, 128.7, 126.9, 125.7,

81.8, 47.3,45.9, 35.6, 27.7, 20.5, 17.7.

IR (film) vmax: 2974, 2923, 1725, 1689, 1641, 1597, 1547, 1493, 1447, 1410, 1368, 1305, 1260,

1146, 1086, 1038, 966, 914, 846, 801, 768, 693, 523 cm™.

HRMS (ESI) calcd for C21H26N204Na (M+Na) *: 393.1785, found: 393.1780.
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Additional Substrates with Different B-Substituents on a,B-Unsaturated Acyl Imidazoles

o o . O R
NV)J\/\R J\(Ph Arp-Sc-Rh1 (5 mol%) NMCHO
- a g
1 TFA (0.4 eq) \_N__ & Ph
iPr Me 0°C,40h iPr
29 (R = Me); 3a 4w (R = Me), <5% Conv.
2h (R = Ph). 4v (R = Ph), 11% Yield, 8.3:1 d.r., 7%/66% ee

Compound 4v
@] Me

N\\,)J\)XCHO
<\/ Me

N Ph
NiPr

To a solution of 2g (17.8 mg, 0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL) were added
the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), trifluoroacetic acid (0.040 mmol) and 3a (0.041
mL, 0.30 mmol). The reaction mixture was stirred for 40 h at 0 °C. After evaporation of the volatile
organic solvent, the crude product was used directly for determination of the conversion by H

NMR (Conv. < 5%).

Compound 4w
O Ph

NMCHO
<\/ Me

N Ph
NiPr

To a solution of 2h (24.0 mg, 0.10 mmol) in anhydrous 1,2-dichloroethane (0.10 mL) were added
the catalyst Arn-Sc-Rh1 (3.84 mg, 0.0050 mmol), trifluoroacetic acid (0.040 mmol) and 3a (0.041

mL, 0.30 mmol). The reaction mixture was stirred for 40 h at 0 °C (Conv. < 20%). After
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evaporation of the solvent, the residue was purified by flash chromatography on silica gel (300-400
mesh, n-hexane/ethyl acetate = 5:1 to 3:1) to afford the product 4w (4.1 mg, 0.011 mmol, yield:
11%). The diastereomeric ratio was determined as 8.3:1 by *H NMR. Enantiomeric excess was
established by HPLC analysis using a Chiralpak OD-H column, ee = 7%/60% (HPLC: OD-H, 254
nm, n-hexane/isopropanol = 94:6, flow rate: 0.7 mL/min, 25 °C, t,(major) = 13.7 min, t{(minor) =

15.1 min, tr(minor) = 17.4 min, t(major) = 26.5 min).

Analytic data of the major diastereomer:

IH NMR (500 MHz, CDCl3) & 9.75 (s, 1H), 7.22-7.20 (m, 1H), 7.19-7.18 (m, 1H), 7.15-7.13 (m,
1H), 7.12-7.09 (m, 1H), 7.08-7.06 (m, 3H), 6.97-6.94 (m, 3H), 6.85-6.82 (m, 2H), 5.30-5.23 (m,
1H), 4.24-4.21 (m, 1H), 4.04-3.98 (m, 1H), 3.35-3.30 (m, 1H), 1.45 (s, 3H), 1.41 (d, J = 6.6 Hz,

6H).

13C NMR (126 MHz, CDCls) 6 202.3, 190.5, 142.4, 139.4, 139.0, 129.5, 129.3, 128.5, 127.6, 127.5,

127.2,126.4, 121.0, 57.6, 49.0, 46.0, 40.4, 29.7, 23.3, 16.1.
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5. Stereochemical Assignment of the Products

The absolute and relative configuration of product 4a (the major diastereomer) was assigned as
2R,3S based on single crystal X-ray diffraction of its ester derivative 6a. Absolute and relative
configuration of product 4a’ (the minor diastereomer) were assigned as 2R,3R based on single
crystal X-ray diffraction of its ester derivative 6a’. See section 6.2 for synthesis of compounds 6a

and 6a’, and section 8 for crystallographic data of 6a and 6a’.

HPLC peaks were assigned according to comparison of HPLC traces of the products

generated from rac-Rh2, Arn-Sc-Rh1, and Arn-Rc-Rh1.

Enantiomeric excess of the compound 4a was determined with a Daicel Chiralpak OD-H column
(250 x 4.6 mm) on an Agilent 1260 Series HPLC System using n-hexane/isopropanol as mobile

phase, the temperature was 25 °C and UV-absorption was measured at 254 nm.

VWD1 A, Wavelength=254 nm (SLL\SLL-B-34-RACE-11111.D)
mAU

] HPLC: Agilent 1260 Series HPLC system

120 7 Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
i Mobile phase: n-hexane/isopropanol=92:8

Flow rate: 0.4 mL/min

24.874

100

29.787

Column temperature: 25 °C

4 [32]

w
807  diastereois éph2 Detection: UV-absorption at 254 nm
7 o

60 * | | ‘ rac-4al4a’ (reference)
40

20 | | \w diastereoisomer 1
04— ,uJ \ J N n_/

— T T T T [ T T T T T T T T T T T T T T T
20 30 40 50 60 70 80 min

1
1 V?B 674
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-157-1.0)

mAU 7 (2R 38) generated from Agy-Sg-Rh1, 0 °C
e & 0  CO,Bu
250 N CHO
200 5 = >
150—5 (2R, 3R) <\’N~ph Me P
100 (ZS;R) @ 4a, 5.8:1 dr, 98.9%/90% ee (25, 39)
50 & 2 N

DE T ‘Ig' T T T T T T T T T T T T T T T T T \I 2‘

20 30 40 50 60 70 min

# [min] [min] [mMAU*s ] [mAU] %

- | === === —mmm - e e R |
1 25.298 BV 0.7155 82.37826 1.82887 0.4758
2 29.317 BV 0.8495 1.42716e4 255.57661 82.4309
3 31.633 VB 0.9098 2809.95361 47.11834 16.2299
4 73.240 BB 1.5857 149.48834 1.10683 0.8634

VWD1 A, Wavelength=254 nm (SLL\SLL-B-145-9-1.D)
mAU |
1 s,3R)
80 § generated from Agrp-Rc-Rh1, 20 °C
1 & 0 CO,tBu
60 Ny A _CHO
<\,N me' Ph
40 Ph
] 4a, 2.3:1 dr, 99.3%/94% ee (25, 35)
1 (2R, 3S) (2R, 3R) ~
207, o O %
0 glg
20 3‘0 4IO 5‘0 Gb 7‘0 8‘0 n’;in
= [min] [min] [MAU*s] [mAU] %

=] —mmm-- i s e e | —mmmm—-
1 23.556 VvV 0.6067 2551.89722 cd.34626 T72.36067
2 28.236 BB 0.668¢6 9.02234 1.97649%e-1 0.2559
3 30.579 BB 0.7618 28.54434 5.76318e-1 0.80895
4 7T76.587 BB 2.0414 936.87592 7.00013 26.5679

Figure S3. HPLC traces of rac-4a/4a’, (2R,3S)-4a generated from Arn-Sc-Rhl, and (2S,3R)-4a

generated from Arn-Rc-Rh1.
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6. Transformation of the Michael Addition Product

6.1 Transformation to a Chiral y-Lactone

O COEt 1) NaBHy, Na,CO5 (5M) o Q o
N
X CHO 2) 4 AMS, CH,CN, MeOTf
\ N Me "'//Ph » MeO .
‘Me 3) DBU, CH3OH Me” “Ph
o)
4b 39% yield 5b
single diastereomer (major) single diastereomer
96% ee 95% ee

Compound 5b.1® A solution of sodium borohydride (19.0 mg, 0.502 mmol) and Na,COs; (88.6 g,
0.836 mmol) in deionized water (0.167 mL) at room temperature was treated with 4b (143 mg,
0.418 mmol, the major diastereomer of 4b after flash chromatography, >99% de, 96% ee) in one
portion. The resulting mixture was stirred for 1 h, worked up with saturated NH4CI solution, and
extracted with ether. The extracts were dried (Na2SO4) and the solvent was evaporated in vacuo.

The residue was used for the next reaction without further purification.

Subsequently, to a solution of the residue in CHsCN (4.2 mL) was added 4 A MS (210 mg) under
argon atmosphere. The suspension was stirred vigorously under a positive pressure of argon for 2 h
at room temperature, then MeOTf (0.143 mL, 1.26 mmol) was added and stirred at room
temperature for 26 h. After that, methanol (1.04 mL) and DBU (0.094 mL, 0.629 mmol) were added
successively at room temperature. After stirring at room temperature for 1 h, the solvent was
evaporated and the residue was purified by flash chromatography on silica gel (300-400 mesh,
n-hexane/ethyl acetate = 6:1 to 3:1) to afford 5b (39.9 mg, 0.161 mmol, yield: 39%). Enantiomeric
excess was established by HPLC analysis using a Chiralpak OJ column, ee = 95% (HPLC: OJ, 220
nm, n-hexane/isopropanol = 80:20, flow rate: 1 mL/min, 25 °C, t(major) = 21.7 min, t(minor) =
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24.7 min). [o]o® = +14.1° (¢ 1.0, CHCls).

IH NMR (500 MHz, CDCls) 6 7.35-7.30 (m, 2H), 7.44-7.40 (m, 3H), 4.24 (d, J = 8.9 Hz, 1H), 4.16
(d, J = 8.9 Hz, 1H), 3.58 (q, J = 3.4 Hz, 1H), 3.52 (s, 3H), 2.64 (g, J = 7.8 Hz, 1H), 2.38 (dd, J =

11.1, 5.1 Hz, 1H), 1.38 (s, 3H).

13C NMR (126 MHz, CDCls) 6 176.8, 171.5, 141.0, 129.0, 127.6, 125.6, 78.2, 52.1, 46.5, 46.3, 29.9,

20.6.

IR (film) vmax: 2959, 2923, 2852, 1769, 1731, 1462, 1377, 1260, 1095, 1017, 800 cm™.

HRMS (ESI) calcd for C14H1604Na (M+Na) *: 271.0941, found: 271.0944.

6.2 Transformation to Ester Derivatives 6a and 6a’ for Crystallography Study

General Method. A diastereomeric mixture of 4a and 4a’ (dr = 5.8:1, ee = 98.9%/90%) afforded in
the catalytic asymmetric Michael addition was first separated by a silica gel flash chromatography.
The isolated single diastereomer 4a or 4a’ was converted to their corresponding ester derivatives

through N-methylation of the imidazole moiety with MeOTf followed by alcoholysis.

O  CO,tBu O CO,tBu
N
&MCHO 1) 4 AMS, CH3CN, MeOTf /@AOMCHO
N, Me” “Ph >
Ph 2) DBU, 4-bromobenzyl alcohol Br Me™ Ph
4a 63% yield 6a

single diastereomer (major) single diastereomer

98.9% ee 82% ee

Compound 6a. To a solution of 4a (565.5 mg, 1.306 mmol, the major diastereomer, 98.9% ee) in

CH3CN (13.1 mL) was added 4 A MS (653 mg) under argon atmosphere. The suspension was
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stirred vigorously under a positive pressure of argon for 2 h at room temperature, then MeOTf (0.22
mL, 1.961 mmol) was added and stirred at room temperature for 26 h. Afterwards, 4-bromobenzyl
alcohol (1.466 g, 7.84 mmol) and DBU (0.29 mL, 1.961 mmol) were added in turn at room
temperature. The mixture was stirred at room temperature for additional 1 h. The solvent was
evaporated and the residue was purified by flash chromatography on silica gel (300-400 mesh,
n-hexane/ethyl acetate = 6:1 to 3:1) to afford 6a (389.5 mg, 0.821 mmol, yield: 63%). Enantiomeric
excess was established by HPLC analysis using a Chiralpak 1B column, ee = 82% (HPLC: 1B, 220
nm, n-hexane/isopropanol = 92:8, flow rate: 0.5 mL/min, 25 °C, t(major) = 15.5 min, t{(minor) =

16.2 min). [o]o® = -106.7° (¢ 1.0, CHClI3).

IH NMR (400 MHz, CDCls) 6 9.77 (s, 1H), 7.55-7.46 (m, 2H), 7.43-7.39 (m, 2H), 7.37-7.28 (m,
3H), 7.25-7.17 (m, 2H), 5.03 (s, 2H), 3.94 (d, J = 10.7 Hz, 1H), 2.69 (g, J = 5.3 Hz, 1H), 2.03 (d, J

= 16.9 Hz, 1H), 1.46 (s, 3H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCls) § 198.5, 171.9, 170.9, 136.9, 134.7, 131.6, 129.8, 129.3, 127.8, 127.0,

122.2,82.7,65.7,55.1, 47.1, 31.1, 27.8, 13.7.

IR (film) vmax: 2977, 1730, 1597, 1490, 1446, 1369, 1337, 1260, 1148, 1071, 1014, 886, 843, 802,

763, 700 cm™,

HRMS (ESI) calcd for C24H27BrOsNa (M+Na) *: 497.0934, found: 497.0939.
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O CO,tBu O  CO,tBu

N
&MCHO 1) 4 AMS, CH3CN, MeOTf /@AOJWCHO
N, Me  Ph Br Me Ph

Ph 2) DBU, 4-bromobenzyl alcohol

/

4a' 66% vyield 6a"
single diastereomer (minor) single diastereomer
90% ee 82% ee

Compound 6a’. To a solution of 4a’ (377.5 mg, 0.948 mmol, the minor diastereomer, 90% ee) in
CH3CN (9.5 mL) was added 4 A MS (474.1 mg) under argon atmosphere. The suspension was
stirred vigorously under a positive pressure of argon for 2 h at room temperature, then MeOTf
(0.161 mL, 1.422 mmol) was added and stirred at room temperature for 26 h. Afterwards,
4-bromobenzyl alcohol (1.06 g, 5.69 mmol) and DBU (0.213 mL, 1.422 mmol) were added in turn
at room temperature. The mixture was stirred at room temperature for additional 1 h. The solvent
was evaporated and the residue was purified by flash chromatography on silica gel (300-400 mesh,
n-hexane/ethyl acetate = 6:1 to 3:1) to afford 6a’ (296.8 mg, 0.626 mmol, yield: 66%).
Enantiomeric excess was established by HPLC analysis using a Chiralpak IB column, ee = 82%
(HPLC: OD-H, 220 nm, n-hexane/isopropanol = 90:10, flow rate: 0.7 mL/min, 25 °C, t{(minor) =

15.6 min, t(major) = 17.2 min). [0]o? = -77.2° (c 1.0, CHCI5).

IH NMR (500 MHz, CDCl3) & 9.40 (s, 1H), 7.52-7.48 (m, 2H), 7.43-7.38 (m, 2H), 7.37-7.32 (m,
1H), 7.31-7.28 (m, 2H), 7.25-7.23 (m, 2H), 5.08 (s, 2H), 3.64 (q, J = 2.8 Hz, 1H), 2.83 (¢, J = 11.5

Hz, 1H), 2.56 (q, J = 2.9 Hz, 1H), 1.60 (s, 3H), 1.06 (s, 9H).

13C NMR (126 MHz, CDCls) 6§ 199.0, 171.6, 171.5, 136.7, 134.7, 131.7, 129.9, 128.7, 128.0, 127.9,

122.2, 80.9, 65.7, 54.8, 46.7, 33.4, 27.3, 14.6.

IR (film) vmax: 2975, 2925, 2851, 1721, 1598, 1490, 1446, 1408, 1368, 1349, 1260, 1149, 1071,
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1013, 844, 802, 759, 740, 699, 546 cm™.

HRMS (ESI) calcd for C2sH27BrOsNa (M+Na) *: 497.0934, found: 497.0929.
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7. Chiral HPLC Traces

7.1 Chiral HPLC Traces of the Michael Addition Products

Enantiomeric excess of the compounds 4b-u and 4w were determined with a Daicel Chiralpak
AD-H, IA, IB, IC or OD-H column (250 x 4.6 mm) on an Agilent 1260 Series HPLC System using

n-hexane/isopropanol as mobile phase, the temperature was 25 °C and UV-absorption was measured

at 254 nm.
VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-1-RACE-2.D)
mAU 7 HPLC: Agilent 1260 Series HPLC system
] Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
40 4 Mobile phase: n-hexanefisopropanol=90:10
] Flow rate: 0.8 mL/min
30 S Column temperature: 25 °C
7 < < Detection: UV-absorption at 254 nm
1 3 § 3 3
20— = 2 .
1 & < rac-4b/4b’ (reference) ™
] I8Y :
10 4 d{; tereoisonfier 1 f
] | f(—»j [\ diastereoisomer 2 /\
0 e 1 J‘ e — L j \_ S I iy
T T T T T | T T T T | T T T T | T T T T ‘ T T T T ‘ T T T T | T T T T | T T T T
20 25 30 35 40 45 50 55 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-152-1.D)
mAU .
] 5 O CO,Et
80 & N\\’)l\/S/CHO
] | f 7
60 <\/N Me" Ph
: "Me
40 ” g 4b, 3.9:1 dr, 96%/78% ee
] ]
- : k F\ :
4 =<t [=2]
0 i 1 N I 1 I 1 _/ T 1 i
- T T T T T T T T | T T T T T T | T T T T [ T T T T T T T
20 25 30 35 40 45 50 55 min
# [min] [min] [mMAU*s ] [mAU] %

0.7704 96.63501 1.93582 1.7347
27.613 BB 0.8966 4233.79736 71.31780 76.0018
0.9833 1106.34583 17.17960 19.8603
1.5792 133.87372 1.20966 2.4032

Figure S4. HPLC traces of rac-4b/4b’ and (2R,3S)-4b.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU ] Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
50 ~ Mobile phase: n-hexane/isopropanol=93:7
] = Flow rate: 0.4 mL/min
40 g‘ Column temperature: 25 °C
305 - Detection: UV-absorption at 254 gm
20—; % diastereoisomer 1 rac-4cfac’ (reference® E
1 3
10 diastereoisomer 2 /
o s e g g " o i
VWD1 A, Wavelength=254 nm (SLL\SLL-B-153-1.D)
mAU O  CO.Et
80 Ne CHO 3
] <\/N me’ *ph 3
60 Nipr
40 4c, 4:1 dr, 95%/61% ee 2
1 p=y < =
20 S S )
4 ~ E
D ] 1 : : I : L : : : : : : : : : : : :
4IO SIO SIU TIO 8‘0 !-;O min|
# [min] [min] [mMAU*s ] [mAU] %
e | === === |- | == |- |
1 43.004 BB 1.1646 530.29926 6.93134 4.,1018
2 51.774 BB 1.3480 267.85925 3.03990 2.0718
3 80.696 BV 1.9263 2184.65820 17.42970 16.8980
4 84.640 VBA 2.3625 9945.70313 62.97588 76.9284
VWD1 A, Wavelength=254 nm (SLL\SLL-B-YANZHENG-DAILTA-2.D)
mAU ]
] 1.2 eq3a
120
] o) CO,Et -
100—: Ne. CHO §
80{ <\/N Mée ""'Ph ?\
] Nipr [ \
60 — | \
] 4c, 4.2:1 dr, 94%/44% ee I\
40 - 8 | \
20—3 E § /ES\V; \\\
0] ;/\ - /E‘ - _// \;_‘
40 Y 5‘0 ] GIO o 70 I ‘ B‘O ‘ I QIO I 160 - min|
# [min] [min] [mAU*s] [mAU] %
= e R | —mmm |- |- |
1 45.713 BV 2.2333 1790.96680 11.03615 4.9674
2 55.643 VV 2.5298 970.15643 4.73610 2.6908
3 86.229 BV 2.7278 4597.01074 23.27937 12.7501
4 91.019 VBA 4.7813 2.86965e4 82.51560 79.5917

Figure S5. HPLC traces of rac-4c/4c’ and (2R,3S)-4c.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU 3 Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
505 - Mobile phase: n-hexane/isopropanol=93:7
] 2 Flow rate: 0.4 mL/min
40 g‘ Column temperature: 25 °C
3075 - Detection: UV-absorption at 254 ﬂm
205 E diastereoisomer 1 rac-dclac’ (referenceR E
1 3
10 k “-k diastereoisomer 2 /
0 ; T N T 1 \{/\ |
0 so e g0 " " g " 9 mn
VWD1 A, Wavelength=254 nm (SLL\SLL-B-217-1.D)
mAU 25% ee Agp-Sc-Rh1
] D
40 - &8 O CO,Et
] o N\ CHO
20 ] <\,N\ me’ “Ph
] iPr
] 4c, 13.1:1 dr, -11%/-20% ee 3
20 =
] s3]
10| b ~
] < 2
] bl g
0
-10 : | ; ! | \ ;
40 50 60 70 80 90 100 min
= [min] [min] [mMAU*s] [MAU] %
e e | === i |
1 45.061 BB 1.9661 526.45111 3.29847 3.8680
2 54.839 BB 2.8111 7086.49561 35.83607 52.0662
3 85.482 BV 2.2384 344.85666 1.81685 2.5337
4 90.654 VBA 3.9444 5652.75439 17.03047 41.5321

Figure S6. HPLC traces of rac-4c/4c’ and nonrac-4c.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU 3 Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
J Mobile phase: n-hexane/isopropanol=93:7

504

e % Flow rate: 0.4 mL/min
40 g‘ Column temperature: 25 °C

] Detection: UV-absorption at 254 gm
30 B 2

J (=] . d
20 g diastereoisomer 1  rac-4cl4c’ (reference 2

?84,21?

10 k “k diastereoisomer 2 /
0 . ‘ . .

T T T — — T T T T T T — — T T T T T — T T T T
40 50 60 70 80 90 min|

VWD1 A, Wavelength=254 nm (SLL\SLL-B-217-2.D)
mAU |
1 50% ee Agp-Sc-Rh1
80 o
1 & O CO.Et
0] S Na CHO
1 <\,N me’ *Ph
1 NiPr
401 4c, 11.3:1dr, -16%/-14% ee E
0 L ;
9  s0 e 70 8 9 100 _ min
# [min] [min] [mMAU*s] [MAU] %
e e | ===—mm - | ====mmme- | === |
1 45.226 BB 2.0834 924.46692 5.44896 3.9994
2 54.909 BB 2.9040 1.24597e4 ©61.59382 53.9023
3 85.620 BV 2.2886 ©697.74603 3.59465 3.0185
4 90.718 VB 4.3655 9033.40723 26.90232 39.0798

Figure S7. HPLC traces of rac-4c/4c’ and nonrac-4c.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU 3 Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
Mobile phase: n-hexane/isopropanol=93:7

50;

e % Flow rate: 0.4 mL/min
40 g‘ Column temperature: 25 °C

] Detection: UV-absorption at 254 gm
30 B 2

J (=] . d
20 g diastereoisomer 1  rac-4cl4c’ (reference 2

?84,21?

10 k “k diastereoisomer 2 /
0 . ‘ . .

T T T — — T T T T T T — — T T T T T — T T T T
40 50 60 70 80 90 min|

VWD1 A, Wavelength=254 nm (SLL\SLL-B-217-3.D)
mAU _ 75% ee Agy-Sc-Rh1
175 8 O  COEt
150 - 3 N3 CHO

: <\,N me’ *ph
125 NiPr

1 4c, 9.1:1 dr, -8%/-2% ee -
100 3
75% 3
50% o @
0ol ;

0 50 e 708 99 400 min

# [min] [min] [mMAU*s] [MAU] %

e e R | —===mmmm - | === |
1 45.186 BV 2.4440 2576.10254 14.87844 4.2368
2 54.765 VB 3.0384 3.01349e4 143.24397 49.5617
3 85.699 BV 2.3308 2459.62012 12.70397 4.0452
- 90.447 VBA 4,7805 2.56321e4 74.67561 42.1562

Figure S8. HPLC traces of rac-4c/4c’ and nonrac-4c.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU 3 Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
Mobile phase: n-hexane/isopropanol=93:7

50;

e % Flow rate: 0.4 mL/min
40 g‘ Column temperature: 25 °C

] Detection: UV-absorption at 254 gm
30+ = el

J (=] . d
20 g diastereoisomer 1  rac-4cl4c’ (reference 2

?84,21?

10 k “k diastereoisomer 2 /
0 . ‘ . .

T T T — — T T T T T T — — T T T T T — T T T T
40 50 60 70 80 90 min|

VWD1 A, Wavelength=254 nm (SLL\SLL-B-217-EE-1.D)
mAU 90% ee Arp-Sc-Rh1 _
7 (o]
= N
175; O  CO,Et 5
150 Na CHO
] o <\,N me’ *Ph
1257 S NiPr
100 ] B 4c, 6.4:1 dr, 48%/35% ee
75 ©
] 3
0l 8 :
] e
25
0 ! ‘
e
40 50 60 70 80 90 100 min
# [min] [min] [MAU*s] [MAU] %

45.805 BV 2.3037 4043.39209 25.20390 4.5344
55.720 VB 2.8836 1.99208e4 99.67765 22.3397
86.446 BV 3.0280 8382.80859 41.79522 9.4007
91.261 VBA 4.8854 5.608254e4 159.92836 ©63.7253

S A

Figure S9. HPLC traces of rac-4c/4c’ and nonrac-4c.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-2-RACE-4.D) HPLC: Agilent 1260 Series HPLC system

mAU Column: Daicel Chiralpak AD-H (250 x 4.6 mm)

3 Mobile phase: n-hexane/isopropanol=93:7

504 r~
e 2 Flow rate: 0.4 mL/min

40 o Column temperature: 25 °C
] Detection: UV-absorption at 254 gm

30 B 2
J (=] . d

20 2 diastereoisomer 1  rac-4c/4c’ (reference £

?84,21?

10 k “k diastereoisomer 2 /
0 . ‘ . .

T T T — — T T T T T T — — T T T T T — T T T T
40 50 60 70 80 90 min|

VWD1 A, Wavelength=254 nm (SLL\SLL-B-217-95-1.D)
mAU
J 95% ee ARh-SC-Rh1
175
1 O CO,Et
150 N CHO
] = »
125 - O meen 2
] Nipr =
100 4c, 6.5:1 dr, 74%/57% ee
75
50 S 2
] o o ~
25 @ p 5
] ©
D S AN
0 ;
e A
40 50 60 70 80 90 100 min
# [min] [min] [MAU*s ] [MAU] %

1 46.452 BB 2.2480 1363.05542 8.16351 2.8959
2 56.712 BB 2.7696 5372.50342 26.49571 11.4143
3 87.785 BV 2.8588 4995.60596 23.02883 10.6135
4 093.085 VB 4.8916 3.53372e4 99.30236 75.0763

Figure S10. HPLC traces of rac-4c/4c’ and nonrac-4c.

S49



VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-3-RACE-2.D) HPLC: Agilent 1260 Series HPLC system
mAU 3 Column: Daicel Chiralpak AD-H (250 x 4.6 mm
603 Mobile phase: n-hexane/isopropanol=90:10
503 3 o Flow rate: 0.8 mL/min
] g 55 Column temperature: 25 °C
40 3 - & 3 Detection: UV-absorption at 254 nm
30? [\ diastereoisomer 1 5 érac-4d/4d' (reference)
204
103 k diastereoisomer i\ /.\
U—é r L j _'\_/ .
15 2|0 - 2|5 - 3|0 - 3|5 - 4|D - 4‘5 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-154-1.D) o CO,Et
mAU 3 9 N CHO
175 @ DS
1502 o <\,N\ me’ *Ph
125—5 Ph
100_2 4d, 3.5:1 dr, 98.0%/97% ee
75 t"?
503 g g k
254 S e
E — = :
15 2|0 - 2‘5 3|0 3|5 - 4|D - 4|5 min|
# [min] [min] [MAU*s] [MAU] %
e R | === | === | === |
1 19.690 VB 0.5705 92.24740 2.43205 0.7458
2 21.623 BV 0.6111 47.69607 1.19122 0.3856
3 33.780 BV 0.9863 9205.88379 139.42200 74.4242
4 39.175 VB 1.1114 3023.65308 40.85518 24.4445

Figure S11. HPLC traces of rac-4d/4d’ and (2R,3S)-4d.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-4-RACE-4.D)
mAU 3 < HPLC: Agilent 1260 Series HPLC system
60 E 5 Column: Daicel Chiralpak IC (250 x 4.6 mm)
3 ~ Mobile phase: n-hexane/isopropanol=60:40
50 3 Flow rate: 0.8 mL/min
E o Q Column temperature: 25 °C
40_5 N &' Detection: UV-absorption at 254 nm @
30_; iasterecisomer 0 rac-4el4e’ (reference) E
20 -— >
10_5 - f\masteremsomer 1 _
£ IV A A A 7\
15 - | 2|0 - 2|5 - 3|0 - 3|5 | | 4|0 - 4|5 | Imin
VWD1 A, Wavelength=254 nm (SLL\SLL-B-155-1.D) 0 CO,Me
mAU_; = N CHO
250—; ﬁ <\/N\ Me ‘Ph
2003 Ph
1 4e, 3.8:1 dr, 98.0%/95% ee
150—:
100—§ 3
50 = e v
15 2|0 2|5 3|0 3|5 4|0 4|5 min

# [min] [min] [MAU*s] [MAU] %

a e | === ] Bt |
1 17.500 BV 0.5800 80.62440 2.09974 0.5567
2 21.102 VB 0.6322 119.36410 2.92454 0.8242
3 26.331 VB 0.7858 1.11988e4 220.01375 77.3250
4 41.104 BB 1.3068 3083.98315 36.75906 21.2942

Figure S12. HPLC traces of rac-4e/4e’ and (2R,3S)-4e.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-151-5-RACE-1.D) HPLC: Agilent 1260 Series HPLC system
mAU Column: Daicel Chiralpak IC (250 x 4.6 mm)
. 3 Mobile phase: n-hexane/isopropanol=80:20
40 ~ o Flow rate: 1 mL/min
] 2 @ Column temperature: 25 °C
30 o 5 Detection: UV-absorption at 254 nm
20-; /\ diastereoisomer 2 £ rac-41T (reference) 5
10_; - ‘{\ diastereoisomer 1 K
\ T |
| 2|0 - 3|0 - 4|0 5|0 | | 6|0 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-156-1.D)
mAU 3 (0] CO,iPr
. 3 N CHO
8073 3 <\’N me’ *Ph
60 "Ph
] 4f, 3.9:1 dr, 98.1%/93% ee
40
0 ] | ;.i . I&r_ | |
2|D 3|D 4|0 5|0 Slﬂ mirl

# [min] [min] [MAU*s ] [mAU] %

i e | ===mmmmm - |=mmmmmm | ===m-m-- |
1 18.933 BB 0.6619 45.88395 1.06660 0.7313
2 22.784 VV 0.7949 54.46227 1.05392 0.8680
3 35.359 BB 1.0261 4758.69238 71.72264 75.8463
4 64.090 BB 1.9611 1415.08960 11.11648 22.5544

Figure S13. HPLC traces of rac-4f/4f* and (2R,3S)-41.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-83-RACEMIC-4.D)
mAU HPLC: Agilent 1260 Series HPLC system
o~ Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
ﬁ_ Mobile phase: n-hexane/isopropanol=92:8
30 = W Flow rate: 0.4 mL/min
25 s ® Column temperature: 25 °C ©
20 ™~ P Detection: UV-absorption at 254 nm&
N g
15 g .
. flastereoisombt 2 rac-4gl/4g’ (reference)
5 diastereoisomer 1 .
0 : 1 L 1 j
e e s e L s S S S I T
20 25 30 35 40 45 50 55 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-167-1.D)
- O  CO,tBu
mAU 3 3 " MCHO
350 S <\: 4
V0
250 é Br
200—; 4g, 5.4:1 dr, 98.7%/93% ee
150 3
: 2
100 ~
0 . N‘ 1 T =7 T T T m T
20 25 30 35 40 45 50 55 min
# [min] [min] [MAU*s ] [MAU] %
—= | === e | === | === | =====—= |
1 21.538 VV 0.6456 103.35990 2.42338 0.5186
2 25.764 BV 0.7529 1.63677e4 330.97818 82.1229
3 35.473 BV 1.0772 3342.13232 47.48074 16.7687
4 51.876 VBA 1.5692 117.55809 1.03186 0.5898

Figure S14. HPLC traces of rac-4g/4g’ and (2R,3S)-4g.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-110-RACE-3.D) HPLC: Agilent 1260 Series HPLC system
mAU 7 o Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
7 2 Mobile phase: n-hexane/isopropanol=90:10
120 3 = 3 Flow rate: 0.5 mL/min
100 3 o Column temperature: 25 °C
80—3 Detection: UV-absorption at 254 nm
60—2 idstereoisomer 1 E rac-4h/4h’ (referenceg
4075 ‘_A diastereoisomer 2 X
20
8 1|0 1|2 1|4 1|ﬂ 1|8 2|0 2|2 2|4 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-172-1.D) o CO,tBu
mAU 3 ]
700 - A ,CHO
600—5 &E)j\/M'?/,’
500 3 Ph
400—§ o tBu
3003 i 4h, 2.5:1 dr, 97%/95% ee
200—5 5 A~ ©
100 3 b k o
0 \ === T L T T T = T -
8 10 12 14 16 18 20 22 24  min
i [min] [min] [mAU*s] [mAU] %
e e | —————————- | ————————- | ———————- |
1 11.157 vV 0.3501 249.94885 10.79427 1.0062
2 12.168 MF R 0.4156 1.67582e4 672.08405 67.4640
3 16.528 BV 0.5459 7633.56104 213.12372 30.7308
4 22.516 BB 0.8671 198.47200 3.47116 0.7990

Figure S15. HPLC traces of rac-4h/4h’ and (2R,3S)-4h.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-175-RACE-4.D) HPLC: Agilent 1260 Series HPLC system
mAU_g 2 o Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
1755 - 3 Mobile phase: n-hexane/isopropanol=93:7
150 N 2 Flow rate: 0.6 mL/min
125_; Column temperature: 25 °C
100 3 ° Detection: UV-absorption at 254 nm
75—5 iastereoisomar 1 g rac-4il4i' (reference)@
505 o
25 3 B diastereoisomer 2 ‘/\
0 E = - : - - p— — ‘ —L e ‘
20 2|5 3|D 3‘5 4|0 4‘5 5|0 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-175-1.D) o CO,tBu
mAU 3 N MCHO
150 2 3 <\,N\ me”
3 o Ph
125 g
3 oM
1005 4i, 4.7 dr, 98.6%/95% c6_
75 o
50 o g 0
253 o P E
u o <t
0 ] | T [ T ~ ' T
20 25 30 35 40 45 50 min|
= [min] [min] [MAU*s] [mAU] $
e R R e B R e e EEE R |
1 23.615 BB 0.8607 47.85446 8.15441e-1 0.5579
2 28B.284 BV 0.8821 ©6618.24463 114.54440 77.1562
3 30.496 MF R 1.1891 1858.90955 26.05553 21.6714
4 47.158 BB 1.3723 52.71111 4.,94232e-1 0.6145

Figure S16. HPLC traces of rac-4i/4i’ and (2R,3S)-4i.
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VWD1 A, WaVeIength=254 nm (SLL\SLL—B—188—RACE—3D:| HPLC: Agllent 1260 Series HPLC System
mAU Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
250 ] Mobile phase: n-hexane/isopropanol=93:7
E Flow rate: 0.6 mL/min
3 Column temperature: 25 °C
200 B Detection: UV-absorption at 254 nm
150 B rac-4jl4j' (reference)
100 § N
31 ] -
50 E /\ diastereoisomer 2 &
0 . T T T T | I T T T T : | T I_'_ T T | T I T T T | T T T T
10 15 20 25 30 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-188-1.D)
- (0] CO,tBu
mAU 3 )
1753 8 NQTJL\/L>/CHO
7 3= "’,
150 3 = <\,N Me" 7
1253 Ph
100 3 Me
75 4j, 5.5:1 dr, 98.8%/94% ee
503 &
3 g = 3
o) (=] (=]
253 3 ™ <
7 (=]
N = AN 8
T T T T | T T T T | T T T T | T T T T | T T T T
10 15 20 25 30 min|
= [min] [min] [mAU*s] [mAU] %

1 14.036 VB 0.4645 29.71147 9.94677e-1 0.5031
2 16.663 BV 0.5175 4914.44824 145.70193 83.2232
3 20.854 VB 0.6773 932.24817 21.02324 15.7871
4 30.403 FM R 1.2406 28.73661 3.86056e-1 0.4866

Figure S17. HPLC traces of rac-4j/4j’ and (2R,3S)-4j.
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VWD1A, Wavelength=254 nm (SLL\SLL—B—186—RACE—22.D) HPLC: Agilent 1260 Series HPLC system
mAU - Column: Daicel Chiralpak IB (250 x 4.6 mm)
] Mobile phase: n-hexane/isopropanol=92:8
300 Flow rate: 0.4 mL/min
] 2 Column temperature: 25 °C
250 b g 0 Detection: UV-absorption at 254 nm
~ - =] ©
] g & < rac-4kl4k’ (reference)
200 N <
E djastereoisomer
150 - diastereoisomer 2
100—3
50—3
0- T T T T T T T T T T T T T T T T 1 T T T
20 22 24 26 28 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-186-3.D)
mAU 0  CO,tBu
175 —: N\ CHO
150 - 3 <\,N me” %
] - Ph Me
125 N
100—2 4k, 2.3:1 dr, 89%/86% ee
50 ] &
] Q .
0 _HL/_\TH_ — T T T T I T = T T T - T T T T 1 T T T
20 22 24 26 28 min|
- [min] [min] [(MAU*s] [mAU] %
sl B R | === | === | === |
1 19.786 VB 0.3903 198.24091 7.65114 3.4719
2 21.264 BV 0.4349 3546.69165 123.55233 62.1154
3 23.793 VB 0.6318 140.51363 3.33341 2.4609
4 26.572 BB 0.6018 1824.39404 45.69287 31.9518

Figure S18. HPLC traces of rac-4k/4k’ and (2R,3S)-4Kk.
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_VWD1 A, Wavelength=254 nm (SLL\SLL-B-187-RACE-3.D) HPLC: Agilent 1260 Series HPLC system
mAU 4 ° Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
120 3 N Mobile phase: n-hexane/isopropanol=92:8
] s Flow rate: 0.5 mL/min
100 E T Column temperature: 25 °C
80 diasgtereoisomer 1 Detection: UV-absorption at 254 nm
60 S .
] - rac-4l/41' (reference) o
40 & 5
20 /\‘ diastereoisomer 2 hrd
0 1 ! f i N T L T
———— ¥ 77—
10 15 20 25 30 35 40 45 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-187-1D) O CO,Bu
mAU N CHO
3 8 ~ =,
200 2 <\,N Me”
1 N “Ph
150
] Me
100 3 s 41, 3.4:1 dr, 97.8%/97.6% ee
] <
] g
50 o § %
i [Ts] <
0 ] LT | =
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
10 15 20 25 30 35 40 45 min|
¥ [min] [min] [mAU*s] [mAU] %
1 15.980 BV 0.4876 64.,14021 1.99231 0.8232

2 17.956 VV 0.5085 5770.70557 175.09467 74.0623
3 20.404 MF R 0.6150 1932.87842 52.38326 24.8069
4 44.657 BB 1.2829 23.97040 2.25005e-1 0.3076

Figure S19. HPLC traces of rac-41/41° and (2R,3S)-4l.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-104-RACE-2.D) HPLC: Agilent 1260 Series HPLC system

mAU Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
40 E Mobile phase: n-hexane/isopropanol=92:8
] Flow rate: 0.7 mL/min
30 . p Column temperature: 25 °C
; § 2 g getection: UV-absorption at 254 nm
20 E ‘_ E & rac-4m/4m’' (reference)
10 /\ diastereoisomer 1 / dlﬁstereoiso?jer 2,
of : \N—/—\ : | ,
15 - 17‘.5‘ - 2‘0 - I22‘.5‘ - 2‘5 - ‘271.5‘ - 3‘0 - ‘32|.5‘ - ‘min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-168-1.D) 0 CO,fBu
300 5 <\’N oh Me
250 O
200
150 ®Q 4m, 3.8:1 dr, 98.3%/95% ee
100 < &'
0l 3 :
0\"“—“\"'I"W“"\““‘I““‘W:‘C\:‘W""I""
15 17.5 20 22.5 25 27.5 30 32.5 min

# [min] [min] [MAU*s ] [mAU] %

Bl e e | === mmm | === | —=———--- |
1 16.414 VB 0.6752 125.71252 2.76120 0.6669
2 20.834 BB 0.8026 1.42902e4 282.30334 75.8097
3 24.743 BV 0.8873 4315.95654 75.00455 22.8963
4 28.884 VB 1.1141 118.20686 1.55633 0.6271

Figure S20. HPLC traces of rac-4m/4m’ and (2R,3S)-4m.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-169-RACE-3.D) HPLC: Agilent 1260 Series HPLC system

Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
Mobile phase: n-hexane/isopropanol=92:8

Flow rate: 0.5 mL/min

Column temperature: 25 °C

Detection: UV-absorption at 254 nm

mAU

120
100
80

iz diastereoisomer 2 rac-4n/4n’ (referen(g)
20 diastereoisomer 1 g
0 . : . : . : : : ; TI : : . . . : : : . . ‘TI . : .
2‘0 2‘5 3‘0 3‘5 4IO 4‘5 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-169-1.D)
"}28 % O  COytBu
300 N\ y CHO
250 <\, me” 77—
200 ° N\Ph @
180 g 4n, 3.7:1 dr, 98.9%/98.5% ee
100 ~ I~
0 I ‘\N | T I = T
20 25 30 35 40 45 min|

# [min] [min] [MAU*s] [MAU] %

—=| === R R | === | === | ===—==-- |
1 25.287 FM R 0.8358 98.13863 1.95701 0.4107
2 26.685 VV 0.8151 1.83762e4 337.59070 76.9093
3 29.306 VB 0.8743 5371.39453 93.49200 22.4807
4 42.827 VB 1.0537 47.60646 5.75130e-1 0.1992

Figure S21. HPLC traces of rac-4n/4n’ and (2R,3R)-4n.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-173-RACE-13.D)
mAU _f HPLC: Agilent 1260 Series HPLC system
7 Column: Daicel Chiralpak IA (250 x 4.6 mm) v
120 7 Mobile phase: n-hexane/isopropanol=95:5 @ 8
100 3 2 Flow rate: 0.4 mL/min b o
] S ° Column temperature: 25 °C o
80 Cm 8 Detection: UV-absorption at 254 nm
7 diastereoisomer 1
60 rac-40l40' (reference) iastereoisomer
40—;
20—;
0= T — T T — — T T T = 1 1
35 40 45 50 55 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-173-1.D)
mAU O CO,tBu
120 N\j)j\/s/ CHO
100 <\,N et/ *ph
3 “Ph
80 — 5
40, 2:1 dr, 96%/85% ee ™~
60 8
40 E 3
20 §
0= T T 1 : T —= 1 — T
35 40 45 50 55 min
= [min] [min] [mAU*s] [mAU] %
e B R | === mmmm e | === | === |
1 38.665 MF 0.5680 154.19012 4.52475 1.4348
2 39.573 FM R 0.8681 6753.11230 129.65034 62.8386
3 51.680 VvV 0.9763 301.70148 4.72884 2.8074
4 55.724 VBA 1.0431 3537.75732 51.39439 32.9193

Figure S22. HPLC traces of rac-40/40’ and (2R,3S)-4o.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-18-RACEMIC-1.D) HPLC: Agilent 1260 Series HPLC system
mAU g Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
80-] % MobiILg phase: n-hexane/isopropanol=95:5
1 Flowate: 0.4 mL/min
1 Column temperature: 25 °C
60_: o diastereoisomer 1, Detection: UV-absorption at 254 nm
40? % g rac-4pl4p’ (reference)
20? diastereoisomer/2
0 , ;
25 27‘.5 SIO 32|A5 3|5 37|.5 4IO 42|.5 ‘min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-164-1.D)
mAU 3 3
300 P O  CO,tBu
1 N CHO
250 - S 4
1 \
1505 4p, 2.1:1 dr, 99.4%/97% ee
1004
1 N~ ro)
50 T 8
3 & &
0 T Tt 3 T T 1 T
25 27.5 30 325 35 375 40 42.5 min|

# [min] [min] [MAU*s] [mAU] %

—= | === e | === | ===mmmmm - | === |
1 28.437 BV 0.6971 58.44868 1.31878 0.2076
2 29.565 VB 1.1274 136.74725 1.93750 0.4858
3 33.709 BV 0.8595 9435.02246 168.94382 33.5151
4 36.239 VB 0.9907 1.85214e4 284.80167 65.7916

Figure S23. HPLC traces of rac-4p/4p’ and (2R,3R)-4p.

S62



VWD1 A, Wavelength=254 nm (SLL\SLL-B-85-RACEMIC-3.D) HPLC: Agilent 1260 Series HPLC system
mAU Column: Daicel Chiralpak OD-H (250 x 4.6 mm
] el Mobile phase: n-hexane/isopropanol=94:6
120 (! Flow rate: 0.5 mL/min
] ~ Y Column temperature: 25 °C
100 B ; Detection: UV-absorption at 254 nm
80 diastereoisomer 1 PN
] - rac-4q/4q’ (reference)
60 -
] diastereoiso
20+
0 3 T | I| T T | T T | T T T
16 18 28 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-180-1.D)
mAU 3 O CO,tBu
200 @ NMCHO
] © ~ %,
] ﬁ <\,N Me" “hPr
150 g *Ph
1UU£ S 4q, 1.8:1 dr, 99.3%/98.8% ee
50 o 3
] o @
] © 2
0 —
16 18 20 22 24 26 28 min|
= [min] [min] [(MAU*s] [mAU] %

1 18.052 BB 0.5031 20.09775 6.05772e-1 0.2190
2 19.885 BV 0.5099 19.93505 6.02760e-1 0.2172
3 20.986 VV 0.5368 3321.02222 95.70311 36.1801
4 22.673 VB 0.6023 5818.07666 148.10440 63.3837

Figure S24. HPLC traces of rac-49/4q’ and (2R,3R)-4q.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-89-RACEMIC-13.D) HPLC: Agilent 1260 Series HPLC system
mAU o Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
b ; Mobitg phase: n-hexane/isopropanol=88:12
200 — Flowrsate: 0.2 mL/min
] Colun temperature: 25 °C
150 — e Detection: UV-absorption at 254 nm
] dlasgremsoger 1
100 - o rac-4rlar' (reference)
b digastereoi er2
0 1 '\"'I:"'\"'II"‘\"'I"“
26 28 30 32 34 36 38 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-181-1.D)
mAU ®
400 8 O CO,tBu
300 o N CHO
<\,N Me’ *CH,CH,CH=CMe,
200 *Ph
4r, 1.8:1dr, 99.4%/99.3% ee
100 § % e
0= T 1 — 1 T T T
26 28 30 32 34 36 38 min
B [min] [min] [MAU*s ] [mAU] %
S B e R | ====——m--- | —====———-- | —==———-- |
1 28.815 BB 0.5947 70.45504 1.82391 0.2126
2 31.834 MF 0.3735 45.11794 2.01316 0.1361
3 32.735 FM R 0.7048 1.23815e4 292.78854 37.3589
4 34.948 VB 0.7147 2.06450e4 447.08990 62.2924

Figure S25. HPLC traces of rac-4r/4r’ and (2R,3R)-4r.

S64



~ VWD1 A, Wavelength=254 nm (SLL\SLL-B-41-RACEMIC-2.D) HPLC: Agilent 1260 Series HPLC system
mAU 7 Column: Daicel Chiralpak IC (250 x 4.6 mm)
25 © Mobile phase: n-hexane/isopropanol=90:10
] =) Flow rate: 1 mL/min
20 = g Column temperature: 25 °C
3 ) = Detection: UV-absorption at 254 nm
15 <Al
10_3 rac-4sl4s' (reference) 2
E S
5 diastereoisomer 2 ®
0 L
_5 - T T T T | T T T T | T T T | T T T T | T T T T I T T T T | T T T T | T T T T
20 30 40 50 60 70 80 90 min
VWD1 A, Wavelength=254 nm (SLL\SLL-B-182-1.D)
mAU 3
70 _; E 0 COztBU
80 a = CHO
E <
503 <, CH2 (4-tBuPh)
40
30 3 4s,2.7:1 dr, 99.2%/23% ee o
= o~
203 o 2 ~
u = o~ w
103 N ' i
= Z
0 . T T I
T T T T T | T T T | T T T T ‘ T T T T | T T T T | T T T T | T T T ‘ T T T T .
20 30 40 50 60 70 80 90 min|
¥ [min] [min] [mAU*s] [mAU] %

1 31.240 BB 0.8654 18.69509 2.58003e-1 0.2658
2 40.379 BB 1.3182 4324.98975 50.75278 61.5025
3 49.249 BB 4,2992 1041.45581 2.83936 14.8098
4 B85.722 BB 2.6802 1647.07312 8.76554 23.4218

Figure S26 HPLC traces of rac-4s/4s’ and (2R,3R)-4s.
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VWD1 A, Wavelength=254 nm (SLL\SLL-B-N-BENJI-TERTMIZUOI-ZHILIAN-BOC-3.D)
mAU 3 HPLC: Agilent 1260 Series HPLC system
3 o Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
30§ Q © Mobile phase: n-hexane/isopropanol=93:7
25 3 bS] 5 Flow rate: 0.8 mL/min
20; P Column temperature: 25 °C
E Detection: UV-absorption at 254 nm
12: Q iastereoisomery 1 \ ©
E S rac-4t/at’ (reference)a
57 3 diastereoisomer 2 g
04 L
-5 e — L L L F T T T
20 25 30 35 40 45 50 55 60 min|
VWD1 A, Wavelength=254 nm (SLL\SLL-B-166-1.D)
mAU
175 5
150 @ O  CO,tBu
125 i N cHo
100; <\/N Me %NHBoc
e
50 _ N - 4t, 4.2:1 dr, 98.2%/97% ee _
=\ & :
0 ""\"‘(‘\I‘ ‘I U I T 1 T \I L‘D‘\
20 25 30 35 40 45 50 55 60 min
# [min] [min] [MAU*s ] [mAU] %
il B R R . | === |
1 22.743 BB 0.7228 2230.52734 46.73566 19.9764
2 27.043 BB 0.8064 80.18365 1.43395 0.7181
3 31.647 BB 1.0122 8823.47949 132.27562 79.0222
4 58.031 MM R 1.8306 31.64014 2.88062e-1 0.2834

Figure S27. HPLC traces of rac-4t/4t’ and (2R,3R)-4t.

S66



VWDT A, Wavelength=254 nm (SLL\SLL-B-210-RACE-2.D)
AU HPLC: Ag|lent 1260 Series HPLC system
7 R Column: Daicel Chiralpak OD-H (2505x 4.6 mm)
uf Mobile phase: n- hexane/lsopropanolf:;)o 10
25 [ | |Flow rate: 0.7 mL/min ~
] Column temperature: 25 °C / \
20] I' Detectlon UV-absorption at 254 nm \
,I '; rac-4u (reference) |
15 , ‘ f
1 ; ,
] |
10| /
5+ \ ,-"I
o1 e W : -
T T T — 7 T T e e I e e
10 11 12 13 14 15 mi
VWD1 A, Wavelength=254 nm (SLL\SLL-B-210-1.0)
mAU - <
B
i 2\
40 O CO,MBu [T\
35 Ny CHO
30; <\/N Me Me |
] “Ph | \
9 4u, 99.2% ee [
20 " \
1 | “I
15 | \
10-] | \
1 s} / \
*3 s
0 e : ’ —
10 1 12 13 14 15 min
# [min] [min] [mAU*s] [mAU] %
1 11.775 BB 0.3282 4.07099 1.85404e-1 0.3935
43.81099 99.6065

2 13.854 BV 0.3624 1030.59558

Figure S28. HPLC traces of rac-4u and (R)-4u.
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VWD1 A, Wavelength:254 nm (SLL\SLL—B—215—RACFIﬁIEb. Agllent 1260 Serles HPLC System

mAU | Column: Daicel Chiralpak OD-H (250 x 4.6 mm)

80 2 © Mobile phase: n-hexane/isopropanol=94:6
4 s} o™
] - < <  Flow rate: 0.7 mL/min

607 8 A Column temperature: 25 °C

4 1 e Detection: UV-absorption at 254 nm g
- <
; g

20 rac-4wl/4w' (reference)

0= T T T T T 1 1 -

10 12.5 15 175 20 225 25 27.5 min

mAU

VWD1 A, Wavelength=254 nm (SLL\SLL-B-215-2.D)

175§ NMCHO
150 ~
125 S <\/N\ Me en -
1004 = P 2
75 4w, 8.3:1dr, 7%/60% ee &
0 8 5
25 S =
04— I T T T I L T
10 12.5 15 17.5 20 22.5 25 27.5 min
# [min] [min] [mMAU*s] [MAU] %
e e | === | —==—m——- |====—=-- |
1 13.711 BV 0.5596 3635.56543 98.73522 41.5244
2 15.056 VB 0.5997 197.13937 4.91720 2.2517
3 17.406 BB 0.6523 778.00852 18.14328 8.8862
4 26.487 BB 0.8388 4144.54395 75.92959 47.3378
Figure S29. HPLC traces of rac-4w/4w’ and nonrac-4w.

S68



7.2 Chiral HPLC Traces of the Transformation Products

Enantiomeric excess of 5b, 6a and 6a’ were determined with a Daicel Chiralpak OJ, 1B or OD-H

column (250 x 4.6 mm) on an Agilent 1260 Series HPLC System using n-hexane/isopropanol as

mobile phase, the temperature was 25 °C and UV-absorption was measured at 220 nm.

VWD1 A, Wavelength=220 nm (SLL\SLL-B-194-RACE-105.D)
mAU - HPLC: Agilent 1260 Series HPLC system
] Column: Daicel Chiralpak OJ (250 x 4.6 mm)
120 Mobile phase: n-hexane/isopropanol=80:20
] Flow rate: 1 mL/min
100 Column temperature: 25 °C
] g o  Detection: UV-absorption at 220 nm
2 = P
80 ] ~ I rac-5b (reference)
60 / //\\
40 \ \
20 //// \\\ /// \
0 ] I \..1._// \‘L—_.__
| ‘ ‘ ‘ ‘ T ‘ ‘ ‘ T | T ‘ T | T T T
20 22 24 26 28 mir
VWD1 A, Wavelength=220 nm (SLL\SLL-B-194-1.D)
AU
mAY ] 0
] 0 Q
40 —
] MeO 4
] o Me" “ph
307 S
_ ?i\ 5b, 95% ee
20 N A\
10 / \\
7 (3]
1 / \ =
o4 .~ . | &
T | T T T T T | T T T | T T T T T T
20 22 24 26 28 min
# [min] [min] [mAU*s] [mAU] %

1 21.675 BV 0.8995 1437.69116 24.83216 97.6992
2 24,712 MF R 1.2974 33.85800 4.34960e-1 2.3008

Figure S30. HPLC traces of rac-5b and (3R,45)-5b.
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VWD1 A, Wavelength=220 nm (SLL'SLL-B-203-RACE-1.D)

mAU | § 2
1000 5'3“:. %
] / ":IH PLC: Agilent 1260 Series‘.-l"-I‘-PLC system
w0 | Column: Daicel Chiralpak IB (250 x 4.6 mm)
J | Mobile phase: n-hexane/isbperanoI=92:8
‘ | Flowrate: 0.5 mL/min | |
500-| Column temperature: 25 C |
| | Detection: UV-absorption at 220 nm
400 ; rac-6a Ueferehce)
200 I
ol L -
1-4 14‘5 1‘5 155 1‘5 |é5 mln‘
VWD1 A, Wavelength=220 nm (SLL\SLL-B-203-MAIN PRODUCT-1.0)
mAU - =3
O CO,Bu frﬂ
Br VEAC
N 6a, 82% ee [
40 .‘:
204
| N -
14 14‘.5 1‘5 15‘.5 16 16‘5 mml
# [min] [min] [mAU*s] [mAU] %
e === l====--- | ===mmmmmm e | =====---- |
1 15.549 MF R 0.3088 1806.85425 97.5236e7 91.0972
2 16.187 FM R 0.4243 176.58191 6.93652 8.9028
VWD1 A, Wavelength=220 nm (SLL\SLL-B-203-CRYSTAL-10)
mAU
1000 O CO,Bu I
£00 Br mef “en |
Crystal of 6a, 96% ee
600 f
400 ‘-‘I
200 I
8
0 _— — £ — —_—
14 145 \Iﬁ 15.5 16 1Ei‘.5 min
# [min] [min] [mAU*s] [mAU] %
e R |====]=====-- | === | =====-m-- | =====--- |
1 15.557 MF R 0.3179 2.08326e4 1092.12524 97.8612
0.3016 455.30652 25.16312 2.1388

2 16.320 FM R

Figure S31. HPLC traces of rac-6a, (2R,3S)-6a (synthesized from product 4a with 98.9% ee) and

(2R,3S)-6a (crystal).
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VWD1 A, Wavelength=220 nm (SLL\SLL-B-211-RACE-3.D
i—| PLC: Agilent 12(%0 Series HPLC system

Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
Mobile phase: n—hexane/isopropanol=90:10
500 /. Flow rate: 0.7 mL/mlnm
] [\ Column temperature: ?5 °C
400 ;‘ \ Detectlon UV- absorptlon at 220 nm

mAU -

600 -

15,603

800 / ""“. rac-6a’ (reference)
200 " ! \

100

VWD1 A, Wavelength=220 nm (SLL\SLL-B-211-1.D)
mAU |
0 coyBu 2
] N
120 /@/\OMCHO =
100 Br me" “Ph
80 6a’, 82% ee
60
40
1 w0
0
0n
20 @
0 [ y I ] ) —— —
T T T
15 16 17 18 19 mil
# [min] [min] [mAU*s] [mAU] %

1 15.556 FM R 0.4843 336.03784 11.56466 9.0914
17.234 vV 0.4714 3360.16895 110.29673 90.9086

VWD1 A, Wavelength=220 nm (SLL\SLL-B-211-CRYSTAL-2.D)
mAU
O CO,Bu o
E
1200 /@AQMCHO e
1000 1 Br Me Ph ‘.‘,r'
/
800 - Crystal of 6a’, 97% ee /
600 — i
400 - ."‘I
200 -} E
@
0 — T T
15 16 17 18 19 min|
# [min] [min] [mAU*s] [mAU] %

1 15.5335 BB 0.4414 528.33820 18.71237 1.4148
16.952 BV 0.5094 3.68145e4 1126.13953 98.5852

Figure S32. HPLC traces of rac-6a’, (2R,3R)-6a’ (synthesized from product 4a’ with 90% ee) and

(2R,3R)-6a’ (crystal).
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8. Single Crystal X-Ray Diffraction
8.1 Single Crystal X-Ray Diffraction of Rhodium Catalyst Arh-Sc-Rh1l

Crystals of Arn-Sc-Rh1 was obtained by slow diffusion from a solution of the compound in CH2Cl;
layered with Et2O at room temperature for several days. Data were collected on an Oxford Xcalibur,
Sapphire3, Gemini ultra detector employing graphite-monochromated Mo-Ka radiation (= 0.71073
A). The crystal was kept at 173 K during data collection. The structure was solved by SHELXL-97.
Refinement was done by full-matrix least squares based on F? data of one twin domain using
SHELXL-97. The absolute configuration was determined. The structure is shown in Figure S33.
The detailed information is listed in the Table S3. Crystallographic data for Arn-Sc-Rh1 has been
deposited with the Cambridge Crystallographic Data Centre as supplementary publication number

CCDC 1465210.

Figure S33. Ortep drawing of rhodium catalyst Arn-Sc-Rh1 with 50% probability thermal ellipsoids,

the absolute configuration was identified as Arn-Sc.
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8.2 Single Crystal X-Ray Diffraction of the Converted Product 6a

Crystals of compound 6a were obtained by recrystallization from a solution of the compound in
n-hexane. Diffraction data were collected on a Bruker Apex CCD area detector employing
graphite-monochromated Mo-Ka radiation (= 0.71073 A). The crystal was kept at 203 K during
data collection. The structure was solved by SHELXL-97. Refinement was done by full-matrix least
squares based on F? data of one twin domain using SHELXL-97. The absolute configuration was
determined. The structure is shown in Figure S34. The detailed information is listed in the Table S3.
Crystallographic data for 6a has been deposited with the Cambridge Crystallographic Data Centre

as supplementary publication number CCDC 1460793.

7 1 ¥ \
Br1 ‘~ / @
k\ /01

“\ /-
/\/\ 05

[ |

N/

Figure S34. Ortep drawing of 6a with 50% probability thermal ellipsoids, the absolute

configuration was identified as 2R,3S.
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8.3 Single Crystal X-Ray Diffraction of the Converted Product 6a’

Crystals of compound 6a’ were obtained by recrystallization from a solution of the compound in
n-hexane. Diffraction data were collected on a Bruker Apex CCD area detector employing
graphite-monochromated Mo-Ka radiation (= 0.71073 A). The crystal was kept at 173 K during
data collection. The structure was solved by SHELXL-97. Refinement was done by full-matrix least
squares based on F? data of one twin domain using SHELXL-97. The absolute configuration was
determined. The structure is shown in Figure S35. The detailed information is listed in the Table S3.
Crystallographic data for 6a’ has been deposited with the Cambridge Crystallographic Data Centre

as supplementary publication number CCDC 1472577 .

Br1

Figure S35. Ortep drawing of 6a’ with 50% probability thermal ellipsoids, the absolute

configuration was identified as 2R,3R.
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Table S3. Data collection and refinement statistics for the compounds Arn-Sc-Rh1, 6a and 6a’.

Arn-Sc-Rhl 6a 6a’
Empirical formula C43 Has Br N3 OsRh Ca24 H27 Br Os Ca4 Ha7 Br Os
Formula weight 785.72 475.37 475.37
Temperature (K) 173(2) 203(2) 173(2)
Wavelength (A) 0.71073 0.71073 0.71073
Crystal system Orthorhombic Monoclinic Orthorhombic
Space group P2(1)2(1)2(1) P2(1) P2(1)2(1)2(1)

Cell dimensions

a, b, c(A) 12.6831, 13.3648, 11.882, 6.1817, 15.840 | 6.202, 12.159, 30.276
25.5629
a B,y (°) 90, 90, 90 90, 108.485, 90 90, 90, 90
Volume (A3) 4333.1 (3) 1103.4(5) 2283.1
Z 4 2 4
Density (calculated, 1.204 1.431 1.383
mg/m?)
Absorption coefficient 0.437 1.895 1.832
(mm-1)
F(000) 1632 492 984

Crystal size (mm3)

0.19x0.17x0.16

0.30x0.22x0.16

0.20x0.15x0.10

Theta range for data 3.05 to 25.99° 1.36 to 26.00° 1.35to0 25.00°
collection
Index ranges -13<=h<=15, -14<=h<=14, -71<=h<=7,
-16<=k<=9, -7<=k<=7, -14<=k<=14,
-31<=I<=27 -19<=I<=19 -36<=I<=36
Reflections collected 13357 8155 16429

Independent
reflections

8035[R(int) = 0.0445]

4165 [R(int) = 0.0198]

4033 [R(int) =0.0973]
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Completeness 99.1 % 98.1 % 100.0 %
Absorption correction | Semi-empirical from Semi-empirical from Empirical
equivalents equivalents
Refinement method Full-matrix Full-matrix Full-matrix

least-squares on F2

least-squares on F2

least-squares on F2

Data / restraints / 8035/12/478 4165/1/271 4033/0/271
parameters
Goodness-of-fit on F2 1001 1013 1013

Final R indices R1=0.0792, R1=0.0331, R1=0.0601,
[I>2sigma(l] WR?2 = 0.2105 WR?2 = 0.0860 WR?2 = 0.1068

R indices (all data) R1=0.0888, R1=0.0367, R1=0.0922,
wR2 =0.2191 wR2 =0.0871 wR2 =0.1140

Absolute structure 0.03(7) 0.031(8) 0.021(13)

parameter

Largest diff. peak and
hole (e.A-3)

1.933 and -0.975

0.438 and -0.209

0.612 and -0.349
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10. 'H NMR and **C NMR Spectra

10.1 *H NMR and 13C NMR Spectra of Rhodium Catalyst Arn-Sc-Rh1
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Figure S36. 'H and *C NMR spectrum for Arn-Sc-Rh1.

S78



10.2 'H NMR and *3C NMR Spectra of Substrates and Products
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Figure S37. 'H and *C NMR spectrum for 2a.
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Figure S38. *H and *C NMR spectrum for 2d.
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Figure S39. 'H and *C NMR spectrum for 2e.
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Figure S40. 'H and 3C NMR spectrum for 2f.
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Figure S41. *H and *C NMR spectrum for 4a.
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TH NMR
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Figure S42. *H and *C NMR spectrum for 4b.

S84



TH NMR

500 MHz
CDCl;
(0] CO,Et
N CHO
~ ,"’,
<\,N\ Me” “Ph
iPr
4c
*Cl* A'h.J"aL

T
10.5 10.0 9.5 20 85 80 15 70 6.5 6.0

- 2 g 2uas w o o e - =0 5=
E- I g LR oe g [ 3 P
iy —_— —_— —_— —_——— ~ — L= Wi o £ e —_——
| | | | = [P NN
3¢ NMR
126 MHz
cDCl,

T
1o 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0
1 (ppm)

Figure S43. 'H and *C NMR spectrum for 4c.
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Figure S44. *H and *C NMR spectrum for 4d.
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Figure S45. 'H and *C NMR spectrum for 4e.
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Figure S47. 'H and 3C NMR spectrum for 4g.
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Figure S52. 'H and *3C NMR spectrum for 4l.
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Figure S54. 'H and 3C NMR spectrum for 4n.
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Figure S56. *H and *C NMR spectrum for 4p.
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Figure S57. *H and *C NMR spectrum for 4q.
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Figure S58. 'H and *C NMR spectrum for 4r.
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Figure S59. 'H and *C NMR spectrum for 4s.
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Figure S60. 'H and *C NMR spectrum for 4t.
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Figure S61. *H and *C NMR spectrum for 4u.
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9.3 'H NMR and 3C NMR Spectra of the Transformation Product
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Figure S62. *H and **C NMR spectrum for 5b.
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Figure S63. 'H and *C NMR spectrum for 6a.
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Figure S64. *H and *C NMR spectrum for 6a’.
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Figure S65. 'H and *C NMR spectrum for 4w.
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