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| General Information

Chemicals and solvents were obtained from various commercial sources. Unless
otherwise stated, all reactions were carried out under N, atmosphere. THF and Toluene
were distilled freshly before use over sodium and bezophenone, CH,Cl, and DCE were
distilled from CaH,. Chloroform was distilled over P,Os and stored over 3 A molecular
sieves. 'H and '3C spectra were recorded on a Bruker Ascend 400 (400 MHz)
spectrometer using solution in CDCIl; with tetramethylsilane (TMS) as internal standard.
IR spectra were recorded on a VERTEX70 IR spectrometer as KBr pellets with
absorption in cm-!. For TLC, silica gel plates were used and the spots were visualized by
UV light and/or by heating the plate treated with PMA solution. HPLC analyses of the
compounds were done using chiralpak IA-IF columns on (Daicel Chemical Industries,
LTD) on Shimadzu LC-20AD using hexanes and isopropanol as eluent. Optical rotations
were measured using a 1 mL cell with a 1 dm path length on a Starna scientific
polarimeter (SGW-1) and are reported as follows: [a]pRT (¢ in g per 100 mL solvent).
HRMS data were obtained on a Thermo Fisher Scientific LTQ FT Ultrasystem.
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I Experimental Section

Starting materials (1a, 1b, ! 1¢,? 1d,* 1e-1k,> 11-10,") were prepared according to
literature procedures. N-Boc as well as N-Cbz hydroxyl amines were purchased from
“Energy Chemical” company, China. Chiral Ir(Ill) and Rh(III) complexes, A-Irl, A-Ir2

and A-Rh were prepared according to literature procedures.>¢

(E)-3-(1-naphthyl)-1-(1-methyl-1H-imidazol-2-yl) prop-2-en-1-one (1i)

0
CHO KOH
MMH N
\ N EtOH, RT, 12 h &N\
Me Me

1i

To a stirred solution of 2-acetyl-1-methylimidazole? (5 mmol, 1.0 equiv.) in EtOH (10
mL)were added 1-naphthaldehyde (5.0 mmol, 1.0 equiv.) and KOH (1.0 mmol, 0.2
equiv.). The reaction mixture was allowed to stir at RT. After completion of the reaction,
brine solution (30 mL) was added to the reaction mixture then it was extracted with
EtOAc (4 x 30 mL). The combined organic extracts were dried over anhydrous Na,SO,
then concentrated in a rotovap. The resulting crude mixture was purified by a flash
column chromatography on silica gel using EtOAc/petroleum ether as eluents to get pure
product. Yellow solid; Yield = 56%; "H NMR (400 MHz, CDCl;): 6 8.72 (d, J= 15.8 Hz,
1H), 8.32 (d, /= 8.4 Hz, 1H), 8.18 (d, /= 15.7 Hz, 1H), 8.03 (d, /= 7.2 Hz, 1H), 7.91 (d,
J=8.2Hz, 1H), 7.88 (d, /= 8.1 Hz, 1H), 7.59 (ddd, /= 6.9, 8.4, 1.3 Hz, 1H), 7.54 (d, J =
8.2 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 7.24 (s, 1H), 7.10 (s, 1H), 4.13 (s, 3H); *C NMR
(100 MHz, CDCl;): & 180.4, 144.1, 140.0, 133.8, 132.1, 131.9, 130.8, 129.4, 128.8,
127.3, 126.9, 126.1, 125.5, 125.5, 125.1, 123.4, 36.4; IR (KBr): v 3076, 3042, 2963,
1661, 1598, 1408, 1471, 1346, 1020, 968, 802, 778, 759, 601 cm™'; HRMS (ESI): calcd
for C1;H14N,O (M+H)* 263.1184; found 263.1178.

(E)-4-(benzyloxy)-1-(1-methyl-1H-imidazol-2-yl)but-2-en-1-one (10)
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Q o

N \W)vaphg, + O\n/H CH,Cl, N \W)J\/VOBn

<\/N\ ©/\/ (0] RT, Overnight <\/N
Me ‘Me
1o

To a stirred solution of phenethyl formate (2.6 mmol, 1.0 equiv) in CH,Cl, (15 mL) was
added 3-phenyl-1-propanal (3.12 mmol, 1.2 equiv) at RT. The reaction mixture was
allowed to stir at RT. After completion of the reaction, solvent was removed in a rotovap.
The residue was loaded on a silica gel column. It was eluted with ethyl acetate/ petroleum
ether mixture to get the product. The purified material was diluted in dichloromethane (5
mL) and then DMAP (3.902 mmol, 1.5 equiv) was added to the flask. The flask was
sealed with a septum and kept at -23 °C for 3 d. Then the reaction mixture was diluted
with EtOAc (50 mL), washed with saturated NH4Cl solution (2x30 mL) and brine
solution. The combined organic extracts were dried over anhydrous Na,SO, then
concentrated in a rotovap. 1o was obtained as Yellow oil, Yield = 72%; 'H NMR (400
MHz, CDCls): 8 7.50 (dt, J = 106.8, 2.0 Hz, 1H), 7.35-7.27 (m, SH), 7.18 (d, J = 0.8 Hz,
1H), 7.14 (dt, J=15.6, 4.8 Hz, 1H), 7.05 (s, 1H), 4.59 (s, 2H), 4.28 (dd, J = 4.4, 1.6 Hz,
2H),4.03 (s, 3H); 3C NMR (100 MHz, CDCls): & 180.2, 143.3, 137.7, 129.3, 128.3,
127.7, 127.7, 127.2, 126.1, 72.6, 69.2, 36.2; IR (KBr): v 3109, 3031, 2860, 1722, 1670,
1625, 1454, 1407,1362, 1276, 1157, 1119, 1027, 917, 842, 738, 699 cm'!; HRMS (ESI):
calcd for C1sH¢N,NaO, (M+Na)* 279.1104; found 279.1102.

General procedure for catalytic enantioselective addition of N-protected

hydroxylamine to a,B-unsaturated 2-acyl imidazoles

To a solution of a,B-unsaturated 2-acyl imidazole substartes (0.2-0.3 mmol) in CHCl; (1.0
M), 0.5-2 mol% of chiral metal complex was added under N, atmosphere. The reaction
mixture was allowed to stir at room temperature for 20 minutes before adding amine
nucleophile (1.2 equiv.). Then the reaction mixture was allowed to stir at room
temperature or 50 °C under N, atmosphere. After reaction was completed monitored by

TLC, the reaction mixture was directly loaded onto a silica gel column. It was eluted with
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ethyl acetate/ petroleum ether mixture to get the corresponding conjugated addition

product.

(R)-tert-Butyl  hydroxy(4-(1-methyl-1H-imidazol-2-yl)-4-oxobutan-2-yl)carbamate
(32)

"Me
3a

According to the general procedure, 3a was obtained as light yellow viscous liquid, 51.5
mg, 91% yield, 92% ee, [a]p? = -24.0 (¢ = 0.5, CHCI3); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, #najor
= 15.93 min, fyiner =14.79 min); Rf = 0.12 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCls): 6 9.47 (brs, 1H), 7.08 (s, 1H), 7.00 (s, 1H), 4.64-4.56 (m, 1H), 3.92 (s,
3H), 3.72 (t, J = 12.0 Hz, 1H), 2.31 (dd, J = 12.4, 2.8 Hz, 1H), 1.25 (d, J = 6.9 Hz, 3H),
1.23 (s, 9H); 3C NMR (100 MHz, CDCls): & 191.2, 155.7, 143.3, 128.6, 127.1, 80.3,
53.8,43.6,36.2, 28.0, 18.3; IR (KBr): v 3344, 3111, 2977, 2974, 2850, 1709, 1681, 1479,
1406, 1362, 1174, 1106, 1011, 930, 801, 739, 689 cm'.; HRMS (ESI): calcd for
Ci13H,1N3NaO4 (M+Na)*™ 306.1430; found 306.1424.

(S)-tert-Butyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-oxo-1-phenylpropyl)-
carbamate (3b)

OHO\ N .Boc
N .
W
Me
3b

According to the general procedure, 3b was obtained as a white solid, 34.5 mg, 50%
yield, 95% ee, mp = 132.3-134.2 °C, [a]p?® = -121.2 (¢ = 0.5, CHCl;); The ee was
determined by HPLC (Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 85/15, flow
rate 1.0 mL/min, fpajor = 13.52 min, fyiner = 17.47 min); R¢= 0.11 in 1:3 EtOAc/petroleum
ether. 'H NMR (400 MHz, CDCls): 8 10.10 (brs, 1H), 7.53-7.51 (m, 2H), 7.36-7.27 (m,
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3H), 7.16 (s, 1H), 7.07 (s, 1H), 5.63 (d, J=11.6 Hz, 1H), 4.33 (t, /= 12.4 Hz, 1H), 4.00
(s, 3H), 2.80 (dd, J = 12.8, 2.4 Hz, 1H), 1.30 (s, 9H); 3C NMR (100 MHz, CDCl;): §
190.8, 156.0, 143.4, 139.7, 128.8, 128.3, 127.6, 127.3, 127.2, 80.8, 61.0, 42.7,36.3, 28.1.
IR (KBr): v 3421, 3133, 3116, 2972, 2982, 2918, 1700, 1685, 1416, 1387, 1222, 989,
927, 779, 713, 696 cm'; HRMS (ESI): caled for CigH,3N3NaO, (M+Na)* 368.1586;
found 368.1582.

(S)-tert-Butyl hydroxy(3-(1-isopropyl-1H-imidazol-2-yl)-3-oxo-1-phenylpropyl)-
carbamate (3¢)

HO. ..Boc
O

N
N :
=8

3c

According to the general procedure, 3¢ was obtained as yellow viscous liquid, 64.0 mg,
86% yield, 91% ee, [a]p?® = -55.6 (¢ = 0.5, CHCl;); The ee was determined by HPLC
(Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, tyajor =
11.07 min, fyinor = 8.02 min); Ry = 0.17 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCl;): 6 10.07 (brs, 1H), 7.53-7.51 (m, 2H), 7.36-7.26 (m, 3H), 7.22 (s, 1H), 7.14
(s, 1H), 5.67 (d, J=10.0 Hz, 1H), 5.53 (m, 1H), 4.31 (t, /= 12.4 Hz, 1H), 2.83 (dd, J =
12.4, 3.2 Hz, 1H), 1.46 (d, J = 6.9 Hz, 6H), 1.29 (s, 9H); *C NMR (100 MHz, CDCI;): &
190.8, 158.6, 155.9, 142.6, 139.6, 129.2, 128.3, 127.5, 127.2, 121.6, 81.9, 80.8, 60.7,
49.5,43.1, 28.1, 28.0, 23.6, 23.4; IR (KBr): v 3311, 2980, 2933, 1684, 1455, 1396, 1368,
1254, 1167, 1107, 931, 777, 701 cm’'; HRMS (ESI): caled for CyoH»7N3NaO,4 (M+Na)*
396.1899; found 396.1896.

(S)-tert-Butyl hydroxy(3-oxo-1-phenyl-3-(1-phenyl-1H-imidazol-2-yl)propyl)-
carbamate (3d)
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According to the general procedure, 3¢ was obtained as a white solid, 57.8 mg, 71%
yield, 96% ee, mp = 124.4-126.3 °C, [a]p> = -121.0 (¢ = 0.5, CHCls); The ee was
determined by HPLC (Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 70/30, flow
rate 1.0 mL/min, fpyjor = 14.10 min, Zminer = 9.08 min); Re= 0.20 in 1:3 EtOAc/petroleum
ether. 'H NMR (400 MHz, CDCly): & 9.79 (brs, 1H), 7.51-7.49 (m, 5H), 7.35-7.23 (m,
7H), 5.60 (d, J=11.6 Hz, 1H), 4.33 (t, /= 12.4 Hz, 1H), 2.79 (dd, J = 12.0, 0.8 Hz, 1H),
1.30 (s, 9H); *C NMR (100 MHz, CDCls): & 189.2, 156.0, 143.2, 139.6, 137.7, 129.2,
129.1, 129.0, 128.4, 127.6, 127.4, 127.2, 125.7, 81.0, 60.9, 42.7, 28.1; IR (KBr): v 3439,
3117, 3064, 2974, 1687, 1594, 1496, 1401, 1308, 1255, 1160, 1095, 907, 762, 697 cm™!;
HRMS (ESI): calcd for C,3H,5sN3NaO4 (M+Na)* 430.1743; found 430.1739.

(S)-tert-Butyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-oxo-1-p-tolylpropyl)-
carbamate (3e)

HO. .B
OO ocC

nz

Me

g

O
Me
3e

According to the general procedure, 3e was obtained as a white solid, 51.0 mg, 71%
yield, 90% ee, mp = 85.0-87.0 °C, [a]p> = -93.5 (¢ = 0.5, CHCl;); The ee was determined
by HPLC (Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0
mL/min, fy0r = 11.16 min, fyiner = 9.28 min); Re=0.12 in 1:3 EtOAc/petroleum ether. 'H
NMR (400 MHz, CDCls): 6 10.06 (brs, 1H), 7.34-7.30 (m, 2H), 7.22 (t, J = 7.6 Hz, 1H),
7.17 (s, 1H), 7.10-7.08 (m, 2H), 5.60 (d, J = 10.2 Hz, 1H), 4.31 (t, /= 12.5 Hz, 1H), 4.00
(s, 3H), 2.78 (dd, J = 12.8, 3.2 Hz, 1H), 2.35 (s, 3H), 1.30 (s, 9H); 13C NMR (100 MHz,
CDCly): & 190.8, 156.0, 143.3, 139.5, 137.9, 128.7, 128.3, 128.2, 127.9, 127.3, 124.2,
80.7, 60.8, 42.6, 36.2, 28.0, 21.4; IR (KBr): v 3421, 3117, 2975, 2923, 2868, 1689,
1510, 1476, 1413, 1367, 1319, 1255, 1164, 1103, 989, 931, 785 cm’!; HRMS (ESI):

calcd for C19H,5sN3;NaO, (M+Na)* 382.1737; found 382.1735.

(S)-tert-Butyl hydroxy(1-(4-methoxyphenyl)-3-(1-methyl-1H-imidazol-2-yl)-3-
oxopropyl)carbamate (3f)
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According to the general procedure, 3f was obtained as a yellow solid, 38.3 mg, 51%
yield, 91% ee, mp = 120.3-122.2 °C, [a]p® = -95.9 (¢ = 0.5, CHCl;); The ee was
determined by HPLC (Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 70/30, flow
rate 1.0 mL/min, fpajor = 8.94 min, fiminer = 11.79 min); Re= 0.10 in 1:3 EtOAc/petroleum
ether. '"H NMR (400 MHz, CDCl;): 6 9.99 (brs, 1H), 7.45 (d, J = 7.2 Hz, 2H), 7.17 (s,
1H), 6.86 (d, J= 7.6 Hz, 2H), 5.57 (d, J=11.6 Hz, 1H), 4.31 (t, /= 12.4 Hz, 1H), 4.01 (s,
3H), 3.80 (s, 3H), 2.74 (d, /= 12.4 Hz, 1H), 1.30 (s, 9H); 3C NMR (100 MHz, CDCl;): 6
190.8, 158.9, 156.0, 143.4, 131.8, 128.7, 128.5, 127.2, 113.6, 80.8, 60.5, 55.2, 42.7, 36.3,
28.1; IR (KBr): v 3446, 3112, 2979, 2920, 1703, 1687, 1616, 1519, 1416, 1324, 1162,
1092, 1032, 931, 831, 743 cm'; HRMS (ESI): caled for C;9H,sN3;NaOs (M+Na)*
398.1692; found 398.1688.

(S)-tert-Butyl 1-(4-bromophenyl)-3-(1-methyl-1H-imidazol-2-yl)-3-
oxopropylhydroxycarbamate (3g)
OHO\ N Boc
M
\
N\Me Br
39

According to the general procedure, 3g was obtained as a white solid, 65.1 mg, 77%
yield, 93% ee, mp = 113.4-115.1 °C, [a]p?® = -119.7 (¢ = 0.5, CHCl;); The ee was
determined by HPLC (Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 75/25, flow
rate 1.0 mL/min, fys0r = 8.47 min, fminer = 7.12 min); Re= 0.08 in 1:3 EtOAc/petroleum
ether. '"H NMR (400 MHz, CDCls): 6 10.25 (brs, 1H), 7.47-7.40 (m, 4H), 7.16 (s, 1H),
7.08 (s, 1H), 5.59 (d, J=11.2 Hz, 1H), 4.27 (t, /= 12.4 Hz, 1H), 3.99 (s, 3H), 2.79 (dd, J
= 13.2 Hz, 1H), 1.32 (s, 9H); '*C NMR (100 MHz, CDCl;): 4 190.01, 155.9, 143.0, 138.6,
131.4, 129.0, 128.7, 127.3, 121.5, 81.0, 60.0, 42.4, 36.2, 28.0; IR (KBr): v 3446, 3125,
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3106, 2973, 2929, 1718, 1671, 1457, 1409, 1367, 1321, 1162, 1102, 1012, 933, 802, 536
cm™'; HRMS (ESI): caled for C;3H,,BrN3NaO4 (M+Na)* 446.0691; found 446.0683.

(S)-tert-Butyl 1-(4-chlorophenyl)-3-(1-methyl-1H-imidazol-2-yl)-3-
oxopropylhydroxycarbamate (3h)
OHO\ N .Boc
\
N\Me Cl
3h

According to the general procedure, 3h was obtained as a white solid, 64.4 mg, 85%
yield, 92% ee, mp = 108.6-110.5 °C, [a]p?® = -73.2 (¢ = 0.5, CHCl3); The ee was
determined by HPLC (Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 80/20, flow
rate 1.0 mL/min, #y,jor = 11.09 min, #piner = 9.21 min); R¢= 0.10 in 1:3 EtOAc/petroleum
ether. 'H NMR (400 MHz, CDCls): 8 10.18 (brs, 1H), 7.54-7.53 (m, 1H), 7.41-7.40 (m,
1H), 7.29-7.27 (m, 2H), 7.18 (s, 1H), 7.09 (s, 1H), 5.58 (d, J=11.2 Hz, 1H), 4.29 (t, J =
12.4 Hz, 1H), 4.02 (s, 3H), 2.75 (dd, J = 12.8, 3.2 Hz, 1H), 1.31 (s, 9H); 13C NMR (100
MHz, CDCl;): & 190.2, 155.8, 143.2, 141.6, 134.1, 129.6, 128.8, 127.8, 127.5, 127.4,
125.5, 81.1, 60.4, 42.5, 36.3, 28.0; IR (KBr): v 3422, 3129, 2969, 2927, 1708, 1685,
1574, 1478, 1416, 1366, 1221, 1161, 1096, 992, 929, 724 cm'; HRMS (ESI): calcd for
C,3H»,CIN3NaO, (M+Na)* 402.1197; found 402.1192.

(S)-tert-Butyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-1-(naphthalen-1-yl)-3-
oxopropyl)carbamate (3i)

According to the general procedure, 3i was obtained as yellow viscous liquid, 49.0 mg,
62% yield, 94% ee, [a]p> = -19.0 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, tyajor =
13.86 min, fyio = 12.73 min); Rg= 0.11 in 1:3 EtOAc/petroleum ether. '"H NMR (400
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MHz, CDCls): § 10.14 (brs, 1H), 8.29 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 7.2 Hz, 1H), 7.86
(d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.59-7.55 (m, 1H), 7.51-7.45 (m, 2H), 7.20
(s, 1H), 7.09 (s, 1H), 6.43 (d, J = 11.2 Hz, 1H), 4.43 (t, J = 12.4 Hz, 1H), 4.03 (s, 3H),
2.91 (dd, J = 12.8, 2.8 Hz, 1H), 1.21 (s, 9H); '*C NMR (100 MHz, CDCls): & 191.2,
155.7, 143.4, 136.1, 133.8, 130.5, 128.9, 128.9, 128.3, 127.5, 126.5, 125.5, 125.4, 124.4,
123.0, 80.8, 57.4, 42.4, 36.3, 28.0; IR (KBr): v 3421, 3119, 2975, 2927, 1687, 1509,
1474, 1416, 1165, 1105, 931, 802, 725 cm'; HRMS (ESI): caled for CyHasN;NaO,
(M+Na)* 418.1743; found 418.1740.

(S)-tert-Butyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-oxo-1-(thiophen-2-
yD)propyl)carbamate (3j)
OHO\ l:l .Boc
NM
<\/ N, \ /
Me
3

According to the general procedure, 3j was obtained as a yellow solid, 35.1 mg, 50%
yield, 94% ee, mp = 125.0-127.0 °C, [a]p? = -189.1 (¢ = 0.5, CHCls); The ee was
determined by HPLC (Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 80/20, flow
rate 1.0 mL/min, fajor = 11.54 min, fpiner = 15.72 min); Re= 0.11 in 1:3 EtOAc/petroleum
ether. '"H NMR (400 MHz, CDCls): 6 10.00 (brs, 1H), 7.16-7.15 (m, 1H), 7.09 (s, 1H),
7.05-7.01 (m, 2H), 6.89-6.87 (m, 1H), 5.79 (d, /= 10.0 Hz, 1H), 4.23 (t,J = 12.4 Hz, 1H),
3.93 (s, 3H), 2.77 (dd, J = 12.8, 3.6 Hz, 1H), 1.28 (s, 9H); 3C NMR (100 MHz, CDCl;):
0 189.8, 155.9, 143.3, 141.4, 128.8, 127.3, 126.2, 125.3, 124.8, 81.2, 57.3, 43.6, 36.2,
28.0; IR (KBr): v 3421, 3136, 3115, 2973, 2926, 1708, 1683, 1458, 1318, 1161, 1091,
988, 930, 808, 695 cm'!; HRMS (ESI): calcd for C¢H,N3NaO4S (M+Na)™ 374.1150;
found 374.1145.

(S)-tert-Butyl 1-(furan-2-yl)-3-(1-methyl-1H-imidazol-2-yl)-3-
oxopropylhydroxycarbamate (3k)
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HO. _.B
OO oC

N
&

Me
3k

According to the general procedure, 3k was obtained as a white solid, 10.7 mg, 16%
yield, 99.5% ee, mp = 116.4-118.4 °C, [a]p®® = -71.6 (¢ = 0.5, CHCl3); The ee was
determined by HPLC (Chiralpak column IF, A = 254 nm, hexane/i-PrOH = 75/25, flow
rate 1.0 mL/min, fpajor = 10.41 min, fyiner = 14.30 min); R¢= 0.10 in 1:6 EtOAc/petroleum
ether. '"H NMR (400 MHz, CDCls): 6 9.71 (brs, 1H), 7.37-7.36 (m, 1H), 7.17 (s, 1H),
7.08 (s, 1H), 6.34-6.32 (m, 2H), 5.70 (d, J = 11.6 Hz, 1H), 4.20 (t, /= 12.4 Hz, 1H), 4.01
(s, 3H), 2.91 (d, J = 12.8 Hz, 1H), 1.35 (s, 9H); 3C NMR (100 MHz, CDCl;): & 190.1,
156.1, 152.4, 143.4, 141.8, 128.9, 127.3, 110.3, 107.1, 81.2, 55.6, 40.3, 36.3, 28.1; IR

(KBr): v 3422, 3134, 3114, 2979, 2926, 1706, 1678, 1477, 1418, 1362, 1163, 1106, 1090,
1006, 989, 927, 734 cm''; HRMS (ESI): calcd for C;¢H,;N3NaOs (M+Na)* 358.1379;
found 358.1373.

(S)-Ethyl 2-(tert-butoxycarbonyl)-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutanoate
@31

.. B
OHO I;l oc
NWCOZEt
<\/N
™
° 3

According to the general procedure, 31 was obtained as a white solid, 59.3 mg, 87% yield,
91% ee, mp = 81.7-83.0 °C, [a]p* = -85.8 (¢ = 0.5, CHCl;); The ee was determined by
HPLC (Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,
tmajor = 19.36 min, fyinor = 28.86 min); Re= 0.05 in 1:06 EtOAc/petroleum ether. 'H NMR
(400 MHz, CDCls): 6 9.56 (brs, 1H), 7.16 (s, 1H), 7.07 (s, 1H), 5.28-5.21 (m, 1H), 4.27-
4.19 (m, 2H), 3.99 (s, 3H), 3.89 (dd, J =14.4, 10.8 Hz, 1H), 3.29 (d, J = 10.8 Hz, 1H),
1.44 (s, 9H), 1.28 (t, J= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3):  189.4, 169.7, 156.8,
142.9, 128.8, 127.1, 81.5, 61.7, 59.9, 38.4, 36.2, 28.0, 14.0; IR (KBr): v 3492, 3124,
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2980, 2926, 1733, 1685, 1420, 1370, 1272, 1164, 1025, 925, 859, 671 cm-'; HRMS
(ESI): caled for C,sHyN;NaOg (M+Na)* 364.1485; found 364.1481.

(R)-tert-Butyl hydroxy(1-(1-methyl-1H-imidazol-2-yl)-1-oxopentan-3-yl)carbamate
(3m)

HO.,  .B
3 0C

nz

Me

1

N
~N
<\/N
Me
3m

According to the general procedure, 3m was obtained as colorless viscous liquid, 54.0
mg, 91% yield, 95% ee, [a]p? =-50.4 (¢ = 0.5, CHCl3); The ee was determined by HPLC
(Chiralpak column IF, A = 254 nm, hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, fyj0r =
11.28 min, e = 10.22 min); Re= 0.08 in 1:06 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCl;): 6 9.42 (brs, 1H), 7.15 (s, 1H), 7.06 (s, 1H), 4.49-4.42 (m, 1H), 3.99 (s, 3H),
3.75 (t, J = 12.0 Hz, 1H), 2.44 (dd, J = 12.0, 3.2 Hz, 1H), 1.88-1.79 (m, 1H), 1.62-1.52
(m, 1H), 1.28 (s, 9H), 0.96 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 3 191.4,
155.8, 143.5, 128.7, 127.2, 80.2, 59.1, 42.2, 36.3, 28.0, 26.0, 10.8; IR (KBr): v 3462,
3108, 2971, 2875, 1709, 1678, 1418, 1367, 1249, 1157, 1165, 1087, 980, 792 686 cm™'.;
HRMS (ESI): calcd for Ci4H3N3NaO4 (M+Na)*™ 320.1586; found 320.1584.

(S)-tert-butyl hydroxy(4-methyl-1-(1-methyl-1H-imidazol-2-yl)-1-oxopentan-3-
yDcarbamate (3n)

HO.,  .B
3 0C

nmz

N A e
<\/N\ Me

Me
3n

According to the general procedure, 3n was obtained as yellow viscous liquid, 47.9 mg,
77% yield, 92% ee, [a]p® = -25.0 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IC, A = 254 nm, hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, fyqjor =
19.51 min, fpier = 15.41 min); Rg= 0.11 in 1:3 EtOAc/petroleum ether. '"H NMR (400
MHz, CDCl5): 6 9.63 (brs, 1H), 7.15 (s, 1H), 7.07 (s, 1H), 4.26-4.18 (m, 1H), 3.98 (s, 3H),
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3.74 (t,J=12.4 Hz, 1H), 2.58 (dd, J=12.0, 2.4 Hz, 1H), 2.09-2.00 (m, 1H), 1.27 (s, 9H),
1.03-0.99 (m, 6H); 3C NMR (100 MHz, CDCl3): & 191.8, 155.5, 143.3, 128.5, 127.1,
80.0, 60.3, 39.8, 36.1, 31.3, 27.9, 19.8, 19.5; IR (KBr): v 3134, 3114, 2970, 2929, 2874,
1705, 1684, 1474, 1410, 1366, 1304, 1256, 1174, 1132, 1094, 966, 930, 790, 750, 695
cm™'; HRMS (ESI): caled for C;5sH,5sN3NaO4 (M+Na)*™ 334.1737; found 334.1740.

(S)-tert-butyl (1-(benzyloxy)-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutan-2-
yD(hydroxy)carbamate (30)
OHO\ N Boc
N MOBn
<\/N\
Me
30

According to the general procedure, 30 was obtained as yellow viscous liquid, 47.5 mg,
61% vyield, 98% ee, [a]p® = -9.9 (¢ = 0.5, CHCIl;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, #major
= 17.71 min, tyinor = 16.54 min); R¢= 0.11 in 1:3 EtOAc/petroleum ether. '"H NMR (400
MHz, CDCl5): 6 9.55 (brs, 1H), 7.35-7.27 (m, 5H), 7.14 (s, 1H), 7.04 (s, 1H), 4.84-4.76
(m, 1H), 4.57 (q, J = 12.0, 6.8 Hz, 1H), 3.98 (s, 3H), 3.77-3.67 (m, 2H), 3.60-3.56 (m,
1H), 2.65 (dd, J = 12.4, 3.2 Hz, 1H), 1.29 (s, 9H); 13C NMR (100 MHz, CDCl3): 4 190.8,
155.9, 143.4, 138.1, 128.6, 128.3, 127.7, 127.6, 127.5, 127.1, 80.6, 73.0, 69.5, 57.3, 38.9,
36.2, 28.0; IR (KBr): v 3392, 3123, 2972, 2924, 2866, 1687, 1465, 1409, 1365, 1256,
1168, 1113, 1024, 929, 745, 701 cm'!'; HRMS (ESI): calcd for C,,H,7N3NaOs (M+Na)*
412.1843; found 412.1840.

(S)-Benzyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-oxo-1-phenylpropyl)carbamate
(4a)
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According to the general procedure, 4a was obtained as yellow viscous liquid, 70.5 mg,
93% yield, 95% ee, [a]p> = -68.2 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IE, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, tyajor =
16.79 min, fyi = 21.71 min); Ry= 0.16 in 1:3 EtOAc/petroleum ether. '"H NMR (400
MHz, CDCl;): 6 10.70 (brs, 1H), 7.51-7.49 (m, 2H), 7.34-7.26 (m, 6H), 7.21-7.19 (m,
2H), 7.10 (s, 1H), 7.00 (s, 1H), 5.69 (d, /= 11.2 Hz, 1H), 5.08 (d, /= 12.4 Hz, 1H), 4.99
(d, J=12.4 Hz, 1H), 4.36 (t, J = 12.4 Hz, 1H), 3.95 (s, 3H), 2.75 (dd, J = 12.8, 3.2 Hz,
1H); *C NMR (100 MHz, CDCl3): 6 190.4, 156.6, 143.2, 139.1, 136.2, 128.5, 128.4,
128.2, 127.8, 127.3, 127.2, 67.3, 60.9, 42.6, 36.3; IR (KBr): v 3430, 3120, 3033, 2929,
2848, 1701, 1681, 1406, 1297, 1095, 930, 745, 697 cm’!; HRMS (ESI): calcd for
C21H2N304 (M+H)™ 380.1610; found 380.1606.

(S)-benzyl hydroxy(3-(1-isopropyl-1H-imidazol-2-yl)-3-oxo-1-
phenylpropyl)carbamate (4b)

“iPr
4b

According to the general procedure, 4b was obtained as yellow viscous liquid, 52.1 mg,
64% yield, 94% ee, [a]p> = -64.4 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, #yjor
= 8.30 min, fyiner = 9.63 min); Ry= 0.15 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCls): 6 10.70 (brs, 1H), 7.51-7.49 (m, 2H), 7.36-7.25 (m, 7H), 7.19-7.17 (m,
3H), 5.68(d, J = 11.2 Hz, 1H), 5.53-5.48 (m, 1H), 5.06(d, J = 12.8 Hz, 1H), 4.97(d, J =
12.8 Hz, 1H), 4.37 (t, J = 12.4 Hz, 1H ), 2.73 (dd, J = 12.4, 2.8 Hz, 1H), 1.44 (t, J =
6.8Hz, 6H); 1*C NMR (100 MHz, CDCl;): 3 190.7, 156.5, 142.7, 139.2, 136.3, 128.5,
128.3, 127.8, 127.7, 127.2, 121.6, 67.2, 61.2, 49.6, 43.2, 30.9, 23.5, 23.5; IR (KBr): v
3295, 3065, 3033, 2930, 1687, 1498, 1454, 1398, 1307, 1257, 1108, 1030, 986, 746, 699
cm'; HRMS (ESI): caled for Cp3Hy6N304 (M+H)' 408.1919; found 408.1918.
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(S)-benzyl hydroxy(3-oxo-1-phenyl-3-(1-phenyl-1H-imidazol-2-yl)propyl)carbamate
(40)

OHO\ N _Cbz
NWPh
<\/N
"Ph
4c

According to the general procedure, 4¢ was obtained as yellow viscous liquid, 75.8 mg,
86% vyield, 97% ee, [a]p?® = -72.8 (¢ = 0.5, CHCl;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, #najor
= 25.30 min, Zpinor = 21.45 min); R¢= 0.15 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCls): 6 10.37 (brs, 1H), 7.49-7.45 (m, 5H), 7.35-7.30 (m, 3H), 7.26-7.18 (m,
8H), 7.17 (s, 1H), 5.65 (d, J = 10.4 Hz, 1H), 5.10 (d, /= 12.4 Hz, 1H), 499 (d, /= 12.4
Hz, 1H), 4.37 (t, J=12.4 Hz, 1H), 2.74 (dd, /= 12.4, 3.2 Hz, 1H); *C NMR (100 MHz,
CDCI3): 6 188.8, 158.8, 156.6, 143.1, 139.0, 137.5, 136.1, 135.5, 129.1, 129.1, 128.5,
128.4, 128.3, 128.2, 127.9, 127.9, 127.8, 127.4, 127.2, 125.7, 67.6, 67.4, 60.8, 42.5; IR
(KBr): v 3453, 3065, 3032, 2955, 2857, 1693, 1501, 1453, 1406, 1262, 1105, 973, 760,
700 cm-'; HRMS (ESI): caled for CsH24N304 (M+H)* 442.1764; found 442.1760.

(S)-benzyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-0xo-1-(p-
tolyl)propyl)carbamate (4d)

HO., .Cb
d z

nz

Z
,Z;

~
.
Me Me
4d

According to the general procedure, 4d was obtained as colorless viscous liquid, 58.2 mg,
74% yield, 97% ee, [a]p?® = -138.6 (¢ = 0.5, CHCl;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, #ysjor
= 13.50 min, fpinor = 15.94 min); R¢= 0.1 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCl;): 6 10.58 (brs, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.27-7.26 (m, 3H), 7.21-7.18
(m, 2H), 7.14-7.10 (m, 3H), 7.0 (s, 1H), 5.65 (dd, J = 12.3, 2.1 Hz, 1H), 5.07 (d, /= 12.4
Hz, 1H), 4.98 (d, J = 12.4 Hz, 1H), 4.34 (t, J = 12.6 Hz, 1H), 3.96 (s, 3H), 2.73 (dd, J =
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12.6, 3.1 Hz, 1H), 2.33 (s, 3H); 3C NMR (100 MHz, CDCls): & 190.6, 156.7, 143.3,
137.5, 136.3, 136.2, 129.1, 128.6, 128.2, 127.9, 127.8, 127.3, 127.1, 67.2, 60.8, 42.6, 36.3,
21.1; IR (KBr): v 3132, 3029, 2919, 2860, 1689, 1508, 1464, 1409, 1300, 1219, 1163,
1099, 992, 932, 812, 743, 697 cm’'; HRMS (ESI): caled for CrHagN;O4 (M+H)*
394.1759; found 394.1761.

(S)-Benzyl 1-(4-bromophenyl)-3-(1-methyl-1H-imidazol-2-yl)-3-
oxopropylhydroxycarbamate (4¢)
OHO\ [;j .Cbz
\
N\Me Br
4e

According to the general procedure, 4e was obtained as a yellow solid, 71.3 mg, 78%
yield, 94% ee, mp = 103.4-106.0 °C, [a]p> = -223.0 (¢ = 0.5, CHCls); The ee was
determined by HPLC (Chiralpak column IE, A = 254 nm, hexane/i-PrOH = 70/30, flow
rate 1.0 mL/min, tajor = 15.27 min, fminer = 19.05 min); Re= 0.11 in 1:3 EtOAc/petroleum
ether. '"H NMR (400 MHz, CDCls): 8 10.76 (brs, 1H), 7.44-7.36 (m, 4H), 7.27-7.20 (m,
5H), 7.08 (s, 1H), 7.00 (s, 1H), 5.63 (d, /= 11.6 Hz, 1H), 5.09 (d, /= 12.4 Hz, 1H), 4.99
(d, J=12.0 Hz, 1H), 4.31 (t, J = 12.8 Hz, 1H), 3.95 (s, 3H), 2.72 (d, J = 12.8 Hz, 1H);
3C NMR (100 MHz, CDCl): & 189.8, 156.6, 143.0, 138.1, 136.1, 131.5, 129.0, 128.3,
127.9, 127.3, 121.8, 67.4, 60.3, 42.4, 36.3; IR (KBr): v 3446, 3129, 3104, 3030, 2921,
1715, 1684, 1671, 1458, 1407, 1301, 1160, 1099, 1012, 932, 796, 762, 700 cm''; HRMS
(ESI): calcd for C,1Hy1BrN3;O4 (M+H)™ 458.0715; found 458.0710.

(S)-Benzyl hydroxy(3-(1-methyl-1H-imidazol-2-yl)-3-oxo-1-(thiophen-2-
yDpropyl)carbamate (4f)
OHO\ N .Cbz
N M
<\/ N, S /
Me
4f
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According to the general procedure, 4f was obtained as yellow viscous liquid, 56.2 mg,
73% yield, 94% ee, [a]p> = -86.8 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, #major
= 13.07 min, tyinor = 15.71 min); R¢= 0.08 in 1:3 EtOAc/petroleum ether. '"H NMR (400
MHz, CDCly): 6 10.61 (brs, 1H), 7.29-7.22 (m, 6H), 7.11 (s, 1H), 7.09-7.08 (m, 1H), 7.01
(s, 1H), 6.95-6.93 (m, 1H), 593 (dd, J = 12.4, 2.8 Hz, 1H), 5.10 (d, J = 12.4 Hz, 1H),
5.02 (d, J=12.4 Hz, 1H), 4.32 (t, J = 12.4 Hz, 1H), 3.96 (s, 3H), 2.81 (dd, /= 12.4, 3.2
Hz, 1H); 3C NMR (100 MHz, CDCl5): 6 189.5, 156.6, 143.2, 140.9, 136.0, 128.6, 128.3,
127.9, 127.3, 126.3, 125.5, 125.1, 67.5, 57.4, 43.6, 36.3; IR (KBr): v 3448, 3111, 2923,
2853, 1687, 1409, 1297, 1213, 1098, 986, 927, 694 cm’!; HRMS (ESI): calcd for
Ci9H19N304NaS (M+Na)*" 408.0994; found 408.0987.

(R)-Benzyl hydroxy(4-(1-methyl-1H-imidazol-2-yl)-4-oxobutan-2-yl)carbamate (4g)

HO.,  .Cb
d ¥4

N
<\N/\ﬁ)v Me

N,
Me
49
According to the general procedure, 4g was obtained as yellow viscous liquid, 50.7 mg,
80% yield, 92% ee, [a]p?® = -87.1 (¢ = 0.5, CHCl;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, #major
= 14.43 min, tyinor = 11.51 min); R¢= 0.11 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCl;): 6 10.0 (s, 1H), 7.32-7.23 (m, 5 H), 7.09 (s, 1H), 6.97 (s, 1H), 5.04 (d, J =
12.4 Hz, 1H), 4.98 (d, J = 12.4 Hz, 1H), 4.76-4.68 (m, 1H), 3.93 (s, 3H), 3.82 (t, /=12.4
Hz, 1H), 2.37 (dd, J = 12.0, 2.8 Hz, 1H), 1.33 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz,
CDCly): 8 190.9, 156.3, 143.2, 136.3, 128.4, 128.3, 127.9,127.8, 127.2, 67.1, 54.3, 43.6,
36.2, 18.2; IR (KBr): v 3434, 3134, 2960, 2929, 1707, 1681, 1406, 1317, 1101, 930, 697
cm™'; HRMS (ESI): caled for CsH oN3NaO4 (M+Na)*™ 340.1273; found 340.12609.

(R)-benzyl hydroxy(1-(1-methyl-1H-imidazol-2-yl)-1-oxopentan-3-yl)carbamate (4h)

Page 18 of 74



HO. .Cbz

(@)
nz

:

N Me
~
<\/N
M
° an

According to the general procedure, 4h was obtained as colorless viscous liquid, 50 mg,
30% yield, 90% ee, [a]p® = -14.0 (¢ = 0.5, CHCI;); The ee was determined by HPLC
(Chiralpak column IA, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, #mjor
= 10.44 min, tyior = 7.39 min); Re= 0.08 in 1:3 EtOAc/petroleum ether. 'H NMR (400
MHz, CDCls): 6 9.99 (brs, 1H), 7.30-7.22 (m, 3H), 7.22-7.20 (m, 2H), 7.08 (s, 1H), 6.95
(s, 1H), 5.02 (d, J = 12.4 Hz, 1H), 4.96 (d, J = 12.4 Hz, 1H), 4.54-4.47 (m, 1H), 3.91 (s,
3H), 3.76 (t, J= 12.0 Hz, 1H), 2.42 (dd, J = 12.4, 3.2 Hz, 1H), 1.92-1.81 (m, 1H), 1.64-
1.54(m, 1H), 0.94 (t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCl;): 8 190.1, 156.5, 143.3,
136.5, 128.4, 128.2, 128.0, 127.8, 127.2, 67.0, 60.0, 42.2, 41.8, 36.3, 26.0, 10.6; IR
(KBr): v 3330, 3113,3032, 2963, 2926, 2855, 1680, 1454, 1406, 1327, 1261, 1086, 1025,
775, 746, 696 cm’!'; HRMS (ESI): calcd for Ci7H,N3NaO, (M+Na)™ 354.1424; found
354.1426.

tert-butyl  2-methyl-3-(1-methyl-1H-imidazole-2-carbonyl)aziridine-1-carboxylate
()
O

N\\K“\*_*/Me
©

N. N
Me Boc

To an oven-dried 25 mL Schlenk tube equipped with a stir bar, A-Rh (2.0 mol%) was
added along with o,B-unsaturated 2-acyl imidazole 1a (0.1 mmol) and toluene (0.2 mL).
After being stirred at room temperature for 5 min, sulfonyl hydroxycarbamate 5 (1.2
equiv) was added at room temperature followed by Na,HPO, (1.2 equiv). The reaction
was stirring at 50 °C for 24 hours. The solution directly purified by silica gel column
chromatography (EtOAc/Petroleum ether = 1:6) to afford aziridine 6 as yellow oil, 19.5
mg, 37% yield, 81% ee, [a]p® = +19.4 (¢ = 0.5, CHCl;); The ee was determined by
HPLC (Chiralpak column IE, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,
tmajor = 8.20 MiN, finer = 12.25 min); Ry= 0.38 in 1:3 EtOAc/petroleum ether. 'H NMR

Page 19 of 74



(400 MHz, CDCl;): & 7.23 (s, 1H), 7.11(s, 1H), 4.34 (d, J = 2.6 Hz, 1H), 4.01 (s, 3H),
2.87-2.83 (m, 1H), 1.46 (s, 9H), 1.41 (d, J = 5.5 Hz, 3H); 13C NMR (100 MHz, CDCl;): 8
184.5, 159.5, 143.0, 130.0, 127.5, 81.3, 44.4, 41.7, 36.0, 28.0, 16.9; IR (KBr): v 3111,
2976, 2932, 1723, 1672, 1458, 1402, 1368, 1307, 1156, 1015, 912, 823, 780, 695 cm™!;
HRMS (ESI): calcd for C;3H9N3NaO3; (M+Na)* 288.1319; found 288.1317.

(R)-tert-butyl (4-(1-methyl-1H-imidazol-2-yl)-4-oxobutan-2-
yl)((methylsulfonyl)oxy)carbamate (7)
Boc\ N .OMs

Q\j)\ﬁm

N,
Me

To an oven-dried 25 mL Schlenk tube equipped with a stir bar, A-Rh (2.0 mol%) was
added along with a,B-unsaturated 2-acyl imidazole 1a (0.1 mmol) and toluene (0.2 mL).
After being stirred at room temperature for 5 min, sulfonyl hydroxycarbamate 5 (1.2
equiv or 2.0 equiv) was added at room temperature followed by Na,HPO, (1.2 equiv).
The reaction was stirring at 50 °C for 24 hours. The solution directly purified by silica gel
column chromatography (EtOAc/Petroleum ether = 1:6) to afford aziridine 7 as yellow
oil, 6.3 mg, 9% yield, 47% ee, [a]p> = -10.8 (¢ = 0.5, CHCI;); The ee was determined by
HPLC (Chiralpak column ID, A = 254 nm, hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,
trajor = 9.53 Min, fyinor = 8.61 min); Ry= 0.15 in 1:3 EtOAc/petroleum ether. 'H NMR
(400 MHz, CDCly): 6 7.14 (s, 1H), 7.03(s, 1H), 4.08-4.75 (m, 1H), 3.99 (s, 3H), 3.50-
3.44 (m, 1H), 3.17 (s, 1H), 1.53 (s, 9H), 1.36 (d, J = 5.6 Hz, 3H); 3C NMR (100 MHz,
CDCly): 6 189.4, 155.8, 142.7, 129.1, 127.0, 84.3, 55.8, 42.6, 37.9, 36.0, 28.0; IR (KBr):
v 3111, 2963, 2928, 1717, 1702, 1684, 1507, 1519, 1457, 1402, 1367, 1239, 1192, 1054,
963, 783, 758 cm!; HRMS (ESI): caled for C;4H,3N3NaO4S (M+Na)™ 384.1200; found
384.1198.

tert-Butyl 4-(1-methyl-1H-imidazol-2-yl)-4-oxobutan-2-yloxycarbamate (3a’)
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O ONHBoc

&WMe
Me 33"

Prepared by following general procedure. 3a' was obtained as a colorless viscous liquid;
Yield = 86%; R¢= 0.1 in 1:3 EtOAc/petroleum ether; 'H NMR (400 MHz, CDCls): 6 8.12
(brs, 1H), 7.14 (s, 1H), 7.04 (s, 1H), 4.53-4.49 (m, 1H), 4.00 (s, 3H), 3.36 (dd, J = 14.8,
6.8 Hz, 1H), 3.26 (dd, J = 14.8, 5.2 Hz, 1H), 1.46 (s, 9H), 1.35 (d, J = 6.4 Hz, 3H); '*C
NMR (100 MHz, CDCl;): 6 190.7, 156.8, 143.3, 129.0, 127.2, 81.2, 78.5, 44.0, 36.2, 28.2,
18.6; IR (KBr): v 3341, 2979, 2934, 1734, 1681, 1412, 1370, 1252, 1163, 1104, 997, 913,
784 cm!'; HRMS (ESI): caled for C3H,;N3NaO4 (M+Na)* 306.1430; found 306.1425
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IV. Chiral HPLC analysis trace

rac-3a
<Chromatogram>
m\
[ g Detector A 254nm
-+
500 OHO\ N . Boc = r
1N
) WMe
\\/ N.
] Me
260 rac-3a
G P
— ——— —T —T T T
0 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 14.472 15481404 554916 49669
2 16.029] 15687454 459131 50.331 M
Total 31168858 1024047
chiral 3a
<Chromatogram=>
mV
E Detector A 254nm
HO.,  _Boc -
| O N -
750+ H
] N
W e
\ N.
5004 Me
3a
250+
] &
=
-
0 S _.-—-._af\‘-J
I I s i 1 ! I |
0 5 10 15 20
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 14.829 1305220 46947 3.163 M
2 15.825 39965104 894525 96.837 M
Totall 41270324 941472
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rac-3b

<Chromatogram>=>

my

200+

<Peak

Datecs
Peaks

Ret. Time

HO.

d N,Boc

rac-3b

13.558

17255

Detector & 254nm

Table>

[

15

25

Araa

Haight

Cone Unit

Mark

Marma

1

13.558

5719613

221855

49 508

2

17255

S5T40657

179591

50.092

Total

11460269

401448

Chiral 3b

<Chromategram>

my

300+

200 N

100+

13521

Detector A 254nm)

0

0.0

<Peak Table>
Detector A 254nm

7.5

Peak#

Ret Time

Area

Height

Conc Unit

Name

1

13.521

TEETBS8

296845

97.513

2

17.471

195580

G241

2.487

Total

TBE3438

303086
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rac-3c¢

<Chromatogram>
my
300+ = Detector A 254nm
- =
o
HO.  .Boc
= O N
1 = N
200 = w Ph
\_N
'Pr
. rac-3c
1004
1 1 1 ) 1 1
0 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 B.010 3834646 290970 49.227 M
2 11.176 3955051 197263 50.773 M
Total 7789697 488232
Chiral 3¢
<Chromatogram>
m\y
1250 ) Detector A 254nm}
1000-] OHO\N,Boc
N z
750-] w Ph
N
'Pr
5004
3c
250 g
ﬁ k
n,_—.h_.'\._.n. J'L
— - 1 — r - —
0 5 10 15 20 25 30
rrin
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Mame
1 8.020 1137483 83581 4 3096 M
2 11.072| 24735466 11858506 95604 M
Total 25872949 1273087
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rac-3d

<Chromatogram>
mv
e a Detector A 254nm
] HO.,  .Boc &
] (0] N =
100 N 2
] w Ph Z
] N
75 N
] Ph
50] rac-3d
25
K — |
T L L B T LA A E e B e
0.0 25 5.0 75 10.0 125 158.0 17.56
rrin
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Marlk MName
1 9.023 2431183 128015 50.087 M
2 14.115 2422767 82029 49.913 M
Total 4853049 210044
Chiral-3d
<Chromategram>
my
] 3 Detector A 254nm
400 HO B =
] <~ DOC i
: O N
] N z
1 \N
200 Ph
3d
100-]
] -
]
] o
(1} P N
——T — — — — - ——
0.0 25 5.0 7.5 10.0 125 15.0 17.5 200
min
<Peak Table>
Detector A 254nm
IPeak#|Ret. Time Area Height Conc. Unit Mark Name
1 9.084 258052 14481 2.128 M
2 14.104 11865945 425456 97.872 M
Total 12123997 439937
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rac-3e

<Chromatogram>
my
[ Detector A 254nm)
° 8
g HO., .Boc
= (0] N
500+ N Me
<\/N\
Me
] rac-3e
250+
o
_— —— 7 — —
0.0 25 5.0 75 10.0 125 15.0 175 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 9.237| 10356451 665817 49242 M
2 11.209( 10675268 537109 50.758 M
Total 21031718 1202926
Chiral-3e
=Chromatogram=
my/
= Detector A 254nm
750+ at
sm_
250+
m
Aﬁ'_ﬂ,
m
.E A,
T — T — —
a 5 10 15 20 25
min
=Peak Table>
Detector A 254nm
Peak#| Ret. Time Arga Height Conc. Unit Mark Mame
1 0283 1019961 GEOBE 5.400 M
Z 11161 17BGTE44 B74779 94 600 M
Tortal 1BBATE04 Q40867
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rac-3f

<Chromatogram>
m\
1 2 Detector A 254nm
200-] HO. ..Boc g
] O N " 2
IN e
15{I-</\
Non
] Me OMe
100+ rac-3f
501
4]
T — — r ——— 17—
0.0 25 5.0 75 1000 125 15.0 175 20.0
rmin
<Peak Table>
Detector A 254nm
IPeak#| Ret. Time Area Height Conc. Unit Mark Mame
1 8.999 3519734 203049 50.073 M
2 11.758 3509441 159147 49.927 M
Total 7029174 362195
Chiral-3f
<Chromatogram>
my
2 Datactor A 254nm
g
500
] OMe
250
=
o P —— e ] ..-":_
v — T — T
1] 5 10 158 20 25
min
<Peak Table>
Detector A 254nm
Feak#| Ret. Time Area Height Conc. Unit Mark Name
1 8.839 9966866 585341 95320 M
pl 11.787 489329 23127 4 680 M
Total 10456196 608463
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rac-3g

<Chromatogram>
m
HO B 2 Detector A 254nm
....Boc =
O N 2
100
N
~
?5—\\/N\
Me Br
rac-3
el g
25 J
X ,«% A
r . . _ — -
0.0 25 50 7.5 10.0
min
=Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.149 1639143 116118 49.499 M
2 8.532 1672321 98354 50.501 M
Total 3311464 214473
Chiral-3g
<Chromatogram>
my
B Detector A 254nm
=
50-]
] o
] =
o L Vi
T T T T T T T T g T
0.0 25 50 7.5 10.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 7.115 127905 8264 3525 M
2 8467 3500280 205735 96.475 M
Total 3628185 213999
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rac-3h

<Chromatogram>
m\
-3 Detector A 254nm
e HO.. .Boc 5 g
O N’ =
N
~
500
ﬁ\/N\
Me Cl
rac-3h
250
g B 4
T T T T T T —TT T T T
0.0 25 50 75 10.0 125 15.0 175
rrin
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 9.138| 11196847 769504 49 576 M
2 11.082| 11388463 621575 50.424 M
Total 22585310 1391080
Chiral-3h
<Chromatogram>
my
"é Detector A 254nm)
100
| i
o S Y
T —T—T T T T —T T T T T T T T
0.0 25 5.0 TS 10.0 125 15.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 9.205 341991 19979 3.856 M
2 11.091 8526023 452680 96.144 M
Total 8868014 472659
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rac-3i

<Chromatogram>

mV

100

751

50+

25+

Detector A 254nm

u_
I ) | | ) | | T
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 12.602 2937809 114978 49.368 M
2 13.837 3013017 104128 50.632 M
Tota 5950827 219108
Chiral-3i
<Chromatogram=
mYy
0 Detector A 254nm
o
50 7
] od J
i N | SO ~ —
1 L B | T T ¥ T T T T T T
0 5 10 15 20 25
fmin
<Peak Table>
Detector A 254nm
Peak#| Ret Time Area Height Conc. Unit Mark Name
1 12729 219491 6680 2.998 M
2 13.855 7101886 233318 97.002 [
Total 7321377 239998
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rac-3j

<Chromatogram>
my
125 E Detector A 254nm
- o
= = HO. ..Boc
2 O N
100+ o]
N S
~N
E <\/N \ /
Me
s rac-3j
25+
st Kadkaay J J I
. —— T r T T T — T T
0 5 10 15 20 25 35
min
<Peak Table>
Detector & 254nm
Peak#| Ret. Time MArea Height Conc. Unit Mark Mame
1 11.571 2862365 125276 49.923 M
2 15613 2871187 98307 50.077 M
Total 5733552 223583
Chiral-3j
<Chromatogram>
my
] E“; Datector A 254nm)
200 =
150
100
50
] -
I
R . ] RN
T T T T T T T L T T T T T T
i} 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. LUnit Mark Mame
1 11.536 4927554 223443 a97.165 M
2 15.715 143788 4658 2.835 M
Total 5071342 22811
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rac-3k

<Chromatogram>
my
o Detector A 254nm
= -
i =
50-
——— —— —— —— —
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Mame
1 10.541 AT66387 199925 50.976 M
2 14.161 3622118 166607 49.024 M
Total 7388505 366532
Chiral-3k
<Chromatogram>
my
« Detector & 254nm
S
-
o ! =
— . . — ———————r—r—r—— —
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 10413 12073802 651551 99 756 M
2 14.304 29567 1381 0.244 M
Total 12103369 652931
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rac-31

Chiral-31

<Chromatogram=>
my
8 Detector A 254nm
200 =
HO.,  .Boc =
(0] N
3
i N o
150 O)\)\C%Et &
\_N.
iral Me
rac-3l
5|:|_
.D,_J-’ﬁ'-!-_.._..__h_._r\_p_ﬂ
—,r—- ——————— ————
a 5 10 15 20 25 o kL 40
min
<Peak Table>
Peak#| Rel. Time Araa Height Conc. Unit Mark Mame
1 19.603 TT41237 207736 50.588 M
2 28.655 7561248 137308 49.412 M
Totall 15302486 345134
=Chromatogram=
my/
750 ] Detector A 254nm
HO.  .Boc o>
O N 2
N E
WCOZEt
o
N,
Me
3l
250
Z
=
&
o ] e
———— ——————— ——————T——7— ————— .
a 5 10 15 20 25 30 a5 40 45
min
=Peak Table>
Datector & 254nm
Peak#| Ret. Time Arga Haight Conc. Unit Mark Mame
1 18.361 | 20079559 749796 95.302 M
Z| 2B.BA3 1433547 24713 4 688 M
Total 30513106 774509
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rac-3m

<Chromatogram=
my
250+ s [ Detector A 254nm
HO. .Boc B
O N E —
Em_
N\HJ\)\/MB
~N
150 <\/N
Me
1004 3m
: b k
o PR Y s J —
e e S —— — — — -
0.0 25 50 15 10.0 12.5 15.0 17.5 200
min
<Peak Table>
Datector A 2534nm
Peak#| Rel. Time Arga Haight Conc. Unit Mark Name
1 10,181 3441860 238620 49918
2 11,513 3453228 208691 50.082 M
Total BROS0AR 447311
Chiral-3m
<Chromatogram?=
mi
15004 g Detector A 254nm]
HO., .Boc =
QN
N\\Hk/:\/ Me
1000+
<\/N
Me
3m
sm_
8
>
o A
v L |- P T T Tl LTS | P P
0.0 25 50 75 10.0 125 15.0 17.5
min
<Peak Table>
Peak#| Rel. Time Arga Height Conc. Umit Mark Name
1 10.217 ET1284 46742 2343 M
2 11,279 27982447 1440063 a7 657 M
Total 2BE53730 1486805
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rac-3n

<Chromatogram>
mV
i = Detector A 254nm
HO.,  .Boc =
1 O N = E
150 Me -]
A
] \ N, Me
100+ Me
i rac-3n
50-]
0 e l
! I 1 T T T
0 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 15.374 5199928 186630 49.175 M
2 19.794 53744869 140083 50.825 M
Tota 10574396 326713
Chiral-3n
<Chromatogram=>
my
=4 Detector A 254nm
500+ HO. .Boc o
o N
M Me
.
\_N. Me
Me
250 3n
§ = J
=
o]
o Y lr\-._
| 1 I ) 1 T
0 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 15.409 905109 30867 4.085 M
2 19.510| 21250926 550347 895.915 M
Total 22156035 581013
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rac-30

<Chromatogram=
m\y/
300 E E Detector A 254nm
Ll (=
] HO. .Boc i
_ O N
T NMOBn
2004
:\\/N\
Me
] rac-30
100
a o =
- ———T - ————————
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0 225
rrin
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 16.111 8851586 298117 50.061 M
2 17.694 8850929 267969 49.939 M
Total 17741515 566086
Chiral-30
=Chromatogram=
my
& Detector A 254nm
P
300 HO.  .Boc L=
O N
\HK/\/OBH
~
2“”‘<\/N
Me
30
1004
o
o i ..—.'__J
1 L 1 1 T
a 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Araa Heilght Cont. Unit Mark Marne
1 16.540 148455 4546 1.230
Z 17.709 [ 11922132 329997 98.770 M
Total 12070588 334544
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rac-4a

<Chromatogram>
my

HO.
O N

200+ N

rac-4a
100

_.Cbz

16807

21430

Detector A 254nm)

<Peak Table>
Detector A& 254nm

10

min

Peak#| Ret. Time Area

Height

Conc

Unit

Name

1 16.807| 10562233

373vo2

50.012

2 21.430[ 10557252

284206

49.988

Total 21119484

657908

Chiral-4a

<Chromatogram>
my

400+

2004

100+

% IR

16786

Detector A 254nm

0 5

<Peak Table>
Detector A 254nm

T
30 a5

IFeak#

Ret. Time

Area

Height

Conc.

Unit

Name

-

16.786

12122191

424139

97.567

2

21.707

302351

8123

2433

Total

12424542

432262
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rac-4b

=Chromatogram=>
mY
u g Detector A 254nm
=
00 OHO\N,CbZ ks =
w "
200+ \ N_
iPr
rac-4b
100+
; _ \ J U
. —— r T T
0.0 25 5.0 75 10.0 125 15.0
min
<Peak Table>
Detecior & 254nm
Peak#| Rel. Time Araa Height Conc. Unit Mark Name
1 B.315 ABITE3T 330792 49 871 X
2 9,604 4862608 290251 50.129 i
Total| 9700245 621043
Chiral-4b
<Chromatogram>
my
2 Detector A 254nm;
|
HO.  .Cbz i
_ O N
500+ H
W "
I\ N,
I iPr
p— 4b
| A AN
G I,
T T T T T
0.0 25 5.0 75 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret Time Area Height Conc. Unit Mark Mame
1 8.299 9587486 660384 97.216 M
2 9.625 274573 15500 2.784 M
Total 9862059 675884
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rac-4¢

<Chromatogram>

my

254

HO.
O N

rac-4c

_Cbz

214789

25480

Detector A 254nm|

<Peak Table>
Detector A 254nm

20

35 40
min

Peak#| Ret. Time

Area

Height

Conc

Unit

MName

21479

=

2313635

55255

49.826

2| 25489

2329749

46158

50174

|23
=

Total

4643384

101413

Chiral-4¢

<Chromatogram:

mY

250+

200+

25298

Detector & 254nm

<Peak Table>
A 254nm

1]

=y

i0

25

min

Datact :
Peak#| Rel. Time

Arga

Heighit

Mark

Narme

21449

174029

1 381

1
2] 25298

12424141

251694

98.619

Total

12598171

255963
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rac-4d

<Chromatogram>
i
] [] § Detector A 254nm
w
1507 HO., .Cbz «-: 5
- O N =
N
~
100+ <\/
i Me Me
] rac-4d
50
n.-  — . b JI -'I
T T T T T T T T T v I
] 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Mame
1 13.632 4013676 159916 49.590 M
2 15.936 4080002 137789 50.410 M
Total BO93ETE 297705
Chiral-4d
=Chromatogram=>
my
o Detector A 254nm
o
=]
=
‘IE
o P JL s
— T . - T
o 5 10 15 20 25
min
<Peak Table>
Detector & 254 nm
Peak#| Ret. Time Araa Height Cont. Unit Mark MNarne
1 13502 | 15776629 644911 98.505 M
2 15.840 239391 9207 1.495 M
Totall 16016021 654117
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rac-4e

<Chromatogram>
mYy/
2 Detector A 254nm
1 - 3
300+ HO., .Cbz k =
1 (0] N =3
N
~
AW
Me Br
rac-4e
100+
G 1 _,_.J\-.-Jnl— ML
0 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 15.4489 8560350 329522 00.082 M
2 19.138 B532448 26565671 49.918 M
Totall 17092798 595093
Chiral-4e
<Chromatogram=>
my
-a Detector A 254 nm)
o
J E
0 e P
m v T " " T T T T
0 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 15271 14500688 554452 97 067 M
2 19.051 438185 13657 2.933 M
Total 14938873 568109
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rac-4f

<Chromatogram>
m
] ) &= Detactor A 254nmm
125 = =
] |
100+
757
50
251
1 —— T T o T T T T T T T T T 4 T
0 5 10 15 20 25 30
rmin
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Mame
1 13.105 3347446 131383 49 828 X
2 15.656 3370581 114687 50.172 M
Total 6718027 246070
Chiral-4f
<Chromatogram>
my
S Detector A 254nmy
300 =1
&
g
u
i
— T ————r—
15 20 25 30
rmin
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Mame
1 13.069 7571946 310201 97.130 M
2 15.709 223773 7904 2.870 M
Total 7795714 318105
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rac-4g

<Chromatogram>
my
o Detector A 254nm
il HO. _Cbz - 2
0O N~ 5 m.
-
1500 w Me
\_N.
Me
1000 rac-4g
00
i o J fh
T 1= T PR LR, TR T | T T
a 5 10 15 20 25
min
<Peak Table>
Datector A 254nm
Peak#| Ral. Time Araa Haight Conc. Unit Mark Name
1 11.332 | 42879385 2058812 49.508 M
2 14350 43831500 1593067 50.491 M
Total| BEB10895 JE5187E
Chiral-4g
<Chromatogram>
my
g Detector A 254nm
g =
=
T80 HO.  .Cbz b
| 0 [:j
] NWMG
500 <\/N
] Me
49
250+
8
G' TANT AN
T T B —— S — L R
i} 5 10 15 20 25 30 35
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.505 1037988 40674 4 262 M
2 14429 23315391 837442 95.738 ]
Total 24353379 878116
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rac-4h

<Chromatogram=>
mV
@ Detector A 254nm
S HO., .Cb >
~ - Z
il (0] N -]
i
NMMG =
4 ~N
ol
\_N.
Me
1 rac-4h
2504
G o P
¥ Tty it TR R | | | |
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 7.278 11988501 789880 49.521 M
2 10.364 | 12220629 560933 50.479 M
Tota 24209130 1350813
Chiral-4h
<Chromatogram=>
mV
1 w Detector A 254nm)
750 3
1 =
HO.  .Cbz
_ O N
1 N\ N,
Me
] 4h
250
] o
] A
9_44)'«_.__)\;'\. Pfs
T T T 1 1 | | J
0.0 2.5 5.0 1.5 10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 7.389 913926 59707 5.024 M
2 10.445| 17276885 766651 94 976 M
Totall 1819081 826358
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rac-6

<Chromatogram>
my
1 1] Detector A 254nm
250+ 0o 2
e W :
I S N
150 Me Boc
] rac-6
100
50
Q;JL,_A_J_\’
""rr" —T T T T T —TT T —T T T T T
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark MName
1 8.225 3044074 264511 48.955 M
2 12.110 3174056 154014 51.045 M
Total 6218130 418525
<Chromatogram>
my
] Detector A 254nm)
o
O
] Q\/N\ ’}l
Me Boc
chiral-6
250
| \ :
. _ /.
— T — - — — — —
0.0 25 5.0 75 10.0 125
min
<Peak Table>
Detector A 254nm
IPeak#| Ret. Time Area Height Conc. Unit Mark MName
1 8.200 8112286 683722 90.495 M
2 12248 852092 47090 9.505 M
Total 8964377 730812
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rac-7

<Chromatogram=>
mV
=4 Detector A 254nm)
s o
e
500
oc.  .OMs
8N
1 N
W "
\_N.
2504 Me
I} P \ J
I | | ) ! | |
0.0 2.5 5.0 75 10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unmit Mark Name
1 8.587 f713978 644745 49.212 M
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NMR Spectra of Products

\%

£
Q.
[}
- Lo
E
102°98—
€807 1"
6921
72271
1821 Co .
98z | 0169+
835y 1£92L-
60| L 089'92~
sobz | -~ —gave 6669,

m =_Z2co0c Li€lL
=6€L°¢C
—Dbet o

L9zl

o RN.RF/
omosﬁ%

0L912)—

] Jooot gm.wmr\
-~ vy erTeeLy

\m 260 ITLLeL/

=Zv60
@ ) \LL9S LITEPL
@] - \096'0

Fo ¢0¢08L —

ppm

40 20

60

100 80

120

OBn
160 140

180

200

Page 47 of 74



1669~
100°L—
neL-"

19¥'6—

\
Zn
/

el

—JYeev ok 696°LC—

E o ego'e 000°LL
= 8lg RW
0001 1€€°08
— w0
— ©
9CL L2l ~_

o —L101 1.5'82L—
- = a0
90€°ErL —

¥99'GGL —

861161 —

\
Z
/

ppm

40

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 48 of 74



L0} —

11T
€82
608'C
s18C
200~
AN
82EY—
6GEY

029'G~_
6v9'Ss-—"

1202
Y917,

_LNN/
omw.m/
nmm.mx
mmm.mu\

1432
€€q'.L

00L'0L—

I

ppm

F~

— ©

8G0'8¢—

09¢'9€—
GL9°CY—

8€0' 19—

28992

G898 00022
—£20) 16y

mmw.ow\

000}

tN.RF
SO.FSN.RFW
195221
=920l gpegzL -7
L9C€, 6, 921
\8S0Cy 960,
escerl

ev6'9GL —

ol

Boc

\
Zw
/

ppm

\ \ \ \ \ \
180 160 140 120 100 80 60 40

\
200

Page 49 of 74



S8C T~_

167 T~—
99p 1

c18°¢
0¢8°¢
£V8 ¢
168°¢

N

€8¢"
rie’
Sve”
L6V "
ANl
Tes”
LYS”
795
969~
189"
[4A%
0ce”
962"
€Le”
4y
0ce”
e’
65€”
0TS"L
82G°L

I e e e i T Mo Mo ToNToRTo o RS S AN

T NN

~

9L0"0T—

Boc

\
Z
/

ppm

=9G€"6 v8e
—ooo [ILS
—81°9 Gz0

9¢T

€60°

— L¥S”

GLY"

289"
000"
—2¢v0°'T g1€g"
88L"
698"

£z
BN
"8z

52
ey —
67—

06T —

Boc

\
Z e
/

o

ppm

20

40

T T T T T
180 160 140 120 100 80

T
200

Page 50 of 74



y0€'} —

98.6—

Boc

\
Z
/

ppm

10

11

=¥90'6

620’}

Gco'}L

000}

— 6992

—~961°S

9€0’L

¥0.°Gcl
c8l’ /el
L6E’LCL

Boc

\
Z
/

3d

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40 20

\
200

Page 51 of 74



1600} —

ppm

Fo
Fr~

oo

—loye WT—
110'8Z—
LZ9e—

=leV'e 9/.8°Cv—

06409—

899/
_\oo.nm\
0ceLL
omm.ow\

—_ 000’k

L6l'vel

oom.mw_\/
vwo.wwmw.mw_\/
mmo.rmo_‘ wmrv

0G¢c'8cl

ﬁ/m%.mm@.wﬁ '
z99'/€1L \
905°6€1

i

ppm

20

40

\ \ \ \ \
180 160 140 120 100 80

\
200

Page 52 of 74



€0€’ L —

62LT~_
09L2-"

86.'¢
aoo.qﬁ
SIT Y~
20€'v-7
Nmm.v\

095'G~_
685G

998'9
mﬁw.@/
ELOL"
biVL—

EN.N\
%EN
95y,

9866 —

Boc

\
Z
/

OMe

w )

ppm

Fr~

o~

11

=< 0806

9¢0'}

VA4 X

—~8LL'€ 90022
—8e0’L m:m.tw

000°}

L09°€LL—

\%NMNNNF/
gmwv.wwvv
2 rvo.rwmw.wwv\
—9z0'zil8’LEl
oeeerl —

¥G6'GS L —
8€6'8GL —

9160
8061 —

Boc

\
Z
/

OMe

ppm

\ \ \ \ \
180 160 140 120 100 80

\
200

Page 53 of 74



Gle'L—
0LLT~_
08¢

766
:N.«W
2Ty—7
€0y

18G°G~_
609G
G.0°L

nmr.m/
NwNN/

i
oL
99v'L

1620l —

MLJLL

ppm

10

L108¢—

0vc'9€—
88€Cr—
¥€0°L

8€0'09—

€899/
_.oo.mm\
6L€.LL
woo.rw\

oLe
9€0’}

000}

v8vLZ)
pIZIZL-\
/166:0£L9'8T1 V
=200'L 08062}
€90 7r9E LEL
Fm@.mﬁ\
SYO'SPL

198°GG —

f
5260,70:061 —

ppm

20

40

\ \ \ \ \
180 160 140 120 100 80

\
200

Page 54 of 74



oLe'L—

0€L¢C
L€L°¢C
192'¢
69.°¢

L10Y
N@N.vW
€6CY—/
vZey

0810} —

10

820'8¢—
18C°9€—
66V’ cy—

0s0’L

—6arc Nww.mm

— WOt e,

000}

9SGl
wmmNN_‘/

—SG19°/¢l

1G0°L

Ves0 FMR.RFW

Z 6352494821
)Nmo._ﬁmo.mw_‘\

\Z10' L6V ¥EL

qes'Lyl

cocerl
1e8'sGL "

€20'L
- 60C°061 —

ppm

40

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 55 of 74



€68°¢
006°¢
Ge6'e
2e6'e
ve0'y
86V
8cv'y
6SY'¥
Liv9
6EY'9
980°L
16171
8617,
8G¢C'L
Svv'L
Sov'.L
y8y'L
€06°L
G0G°L
¢SS,
GGG,
695,
€191
YVAWA
065°L
65,
6411
0082
a8,
cl8'L
6162
1€6°L
18¢'8
20e'8
6€1°0L

— —_——— —

ppm

11

—¥sv'6

€86

coe”
6G€E"

LvL®
90~
z28¢€”
z2e8”

066"

LE—
9 —
v —

LG

cct

‘vet

"sz1
.mmﬂ/
"9Z1
.EﬂV
8217
.wﬂ\
"8Z1
“0€T
“€ET
“9€T
€T

.mmﬁk\w

"Tel—

ppm

180 160 140 120 100 80 60 40 20

200

Page 56 of 74



Sl —

7000l —

ppm

F~

LP0'8C— -

L129€—

98G'CYy—
LP0°L

6.0°LS—

—060¢ 0899
- 866°9L
8v0°L
ﬁm.tw
6¢C'L8

000°}

6£8'vC)
NS.FSN.@NF/
/88072881921 —\
=.6.0'1082'22} -/
\0L0'L96/'821
L2V LYl —
0lzert”

168°GGL —

ppm

20

40

\ \ \ \ \
180 160 140 120 100 80

\
200

Page 57 of 74



€6’ —

6996 ~_
V.6

S

0L0'8¢—

Fo €829 —
8620V —

[y 1S0)

029'6S—

o aare 02L9L
¥ =302 ge0 2\
e

7
omm.vw\

000'L

8€1°L0L —
66C0LL—

TS

—_2s0¢

F o~ /290 LELE LI~
=6.0'1188'82L
LA T
F o evyevl—"

€6€°¢GL —
160°9S} —

A

0¥6°0

e [

1G0'061 —

- ©

- o

ppm

40

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 58 of 74



coc’t
08¢ v/
86271 ~\

8EY' L —
vice
L0€'€
198°¢
888'¢C
168°¢
¥26'€

¥66'€
€6 3/
202y
102V
02z
§2T Yy
8ET¥
eV Y
95z
L9Z'y
0.Z%
o¥Z'S
2L0 L~
8GL L —
62"

0966—+
vro.m\

I

Boc
CO,Et

\
Z _—
/

ppm

~

10

11

L0yl —
—(¥65°€
996 geo'gz—
8G1'9€~_
v9e'8e—"

020 e
thmmm 0899/
—ILCE ggEg)
—08t¢ aLe Ll
ozs1e”

/%907 18¢V L~
=50 16V8'82L

Sleevl—

GGL9GL —

099691 —
¥58°0

6EV'68L —

Boc

\
Z
/

CO,Et

ppm

20

40

\ \ \ \ \
180 160 140 120 100 80

\
200

Page 59 of 74



L1G7)
Geg'l
€69°1L
69S5°1
€8G71
88571
c09’}
029}
06/}
808’}
1e8’L
0e8’}
618}
Go8’lL
¥88°L
9lv'e
€ev'e
ovv'e
12144
8LL°€
8v.'€
8.1°¢
186°€
esv'y

e ——

8G0'.L
A1)

121
vwm.m\

\Y%

Sly6—

Boc

\
Zn
/

Me

L

v

ppm

L —

- N

- <

10

26101 —
—80z¢

=7196 g0
=L19%6 g10'9z~_
% 62082
O ZsT9E—
— oL SLVTr—

0LL'65—

" MmOl

% v 9L

O pe0ss-

~ 0001 28€LL
mﬁ.om\

/09071041 L2 ~_
=g50'1899'82L—

eV —

018'6GL —

100°}

Ley' L6l —

Boc

\
Zn
/

L

ppm

40

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 60 of 74



VL0 L~
A4 WEel

1296~
1€96-"

Boc

\
Zne
/

e "W}

ppm

L —

-~

oLy

€829 z9L
L¥9'6 oce

9LZ
6€T

vrzL oL

—9¥0°}

T0€"

089
—1€0°L 866

—90l'¢

1207 ©86

60T"
GG7°

_/G660
000} 7€

067"

91€”

6T~
6T

Le—
TTE—
9€—
6E—

09—
9L
9L~
LL
.?\

LT~
82T

EVT—

GGT—

T6T—

Boc

\
Zime
/

ppm

1 1 1 1 1 1
180 160 140 120 100 80 60 40

T
200

Page 61 of 74



0596 —

Boc
OBn

\
Z
/

ppm

= 9106 696 LC—
¥81°9€~_
1G8'8E—

000°} oz 26—
® 85’69
196'2L

Lo%.o S@.EM

€102

—.£10C ggggs

N \8§¥6C m:m.t\
609°08

aLL'/zL
© vmm.RFW
1€9°221 -\ _
0.z'8zL-7
/e7enl298zlL
~ jma.oao.wﬁ\
=z0'L Va
—~.08.°G8LV'EVL
¥26'6GL —

~___
S¥6'06¥8°061 —
T
o

Boc

\
Z
/

HO
0]

c
m
O]

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40 20

\
200

Page 62 of 74



Cbz

\
Z
/

ppm

[e]

1
—

—~ €8€°061 —
00’}
\‘

Cbz

\
Z e
/

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40

\
200

Page 63 of 74



681°L

| T

ppm

owv.mm
rmm.mwv

—7Z/19 ¢L96¢

Lecey—
ce96v—

e 19—
e’ l9—
18992
mmm.wnw
LLELL

— 100}

€0%C 09121

— 000 L1221
—086061/ /21
€9/°12)
228'12)
082'8Z)

_/Gzegeor'8el
/92820621

e &

—~Gs0'¢ztSC9tl
6€2°6€L
G.9¢vl
S¥G'9g1L

AERSS

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 64 of 74



ppm

9LG ey —
— —1v0'L £¥8°09
- o:lo/
q%.B/
¥89'9/
- So.t/

oo 02€°LL— -
—5800 7 6z
002221

16012421
___06L/2L
—000°bg9gs71
-© €68'/Z1
evZ'8zl
557,82 821
L ke

)%Qm.wﬁ

1G0'6Z)
¥60°621
LI¥GEL

£ .
S 9./6'8¢L
/ GS0'EYL
L£9°9G1

c .
> ¥08'881

-0

8
e

\
Z e
/

4c
10

\\Rii::§§§§ﬁ
OHO Cbz

ppm

I
20

40

60

100 80

120

180 160 140

200

Page 65 of 74



ppm

10

\
11

1G0'Lc—

G8C'9€—
8Y9'Cy—

€8.°09—
0€2'L9—
Nwo.wn/
—000 000°LL—F
e tm.t\

[444
—000°L
—_086'08¢l'Lclt
YA TAVRA"
ceg’lel
8G8°/¢CL
5.€2'8C1L~\L
<5 eg8zL-7
—ccn-L6062L

50T oy \
59798}
851 /€L

Licevl
mwm.mm_\\

95061 —
¥86°0

L

Cbz

\
Z
/

pm

p

20

\ \ \ \ \ \
180 160 140 120 100 80 60 40

\
200

Page 66 of 74



€042~
geLc—

ov6'€
Em.ﬁ/
Bm.v/
wmm.vV
0/6Y
100G~
51067
90L°G
11967
1¥9°S
000°L
vwos/
161 N%

PASTAVRSNS

y9€L
6.€°L
1evL
Svv'L

192°0L—

Cbz

\
Z
/

JMUMM

Fo
Fr~

oo

9v0’L

/166°0
=110l

—~Zvr's

\¢0Z'v

mom._\w_\
vaNN_\/
oma.mw_\/
8.¢'8¢l

9z0'62L-
615 _‘mv\

omo.omr\
1Z1'8€El

Cbz

\
Z
/

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40 20

\
200

Page 67 of 74



1GC'9€—

¥8€°LG—
F< = VL€ gy 79—

—Zyo'l rwm.mm/

-0 —¢gz 9LELL

Lo —_000)
(AN T4
/S86°01,€5°GZ1
~ ~ Z/6160082'9z!
v60'cgze szl /
98¢9zy6 121 —

€860

mmm.mmw‘

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40

\
200

Page 68 of 74



ppm

<

- w0

F~

VLL8L—

L€EC9E—

—¥e0'l zegey—
Y9 vG—

/1e0' L €90729—

=pl0e €89°9L
00022
8Le L/

—_000°}

—9v0°¢

mmENF
. Eﬁﬁ/
/1960 ,8 7}

=0.60

=060 97-g7|

N\059Sg54g71
6£€°9E)
sizerl

€EE€9GL —

1660
916061 —

b

Cbz

\
Z
/

ppm

\ \ \ \ \
180 160 140 120 100 80 60 40

\
200

Page 69 of 74



966G~
0LS"
vLS”
06G°
709"
609"
[44°h
vv9°
L08"
928"
v¥8°
878"
098"
L98"
6L8"
€88°
106"
06"
Lee”
rov”
Lew:
SEV”
ceEL”
coL”
6L
€16
116"
Sv6"
9L6 "
¢00°
€€0°
976"
SLO"
€0¢”
80¢"
SIC*
0ce:
Lee:
§9¢*
8LC”
08¢*
96¢"
voe-”

066"

TR eSS e e——

OO NNNNNNN A A A A A A A A A A A A A

6—

Cbz

\
Z i
/

ppm

- N

e

G20'0-—

6090} —

L~ —860°¢€¢

5 bS6'ST—

= ZI0°1
Pr0° T

19¢°9€—

—9¢0-1 08lLCYr—

—2ZcY b

— 7901 99699—
[« —GL0"€ $89°9/

STAN
0022

__000°T gLE22
880°C

@miﬁ
.Ewsﬁ
. &Tmm.mwomxﬁ%
=150°¢SvC'8CL

\809°£¢zt'821

GLV'9€L
Nmm.mv_\\

G61'9GL —

e

Cbz

\
Z
/

Me

ppm

\ \ \ \ \ \
180 160 140 120 100 80 60 40 20

\
200

Page 70 of 74



TIT"
6cc”
TLe:

Me

ppm

0l6'9L —

196'L2—

_/6lL1°¢€
=156 09—
£89' Ly —
~ £9E vy —

—9L0°T

™

£89'9L
100'LL-
6LE L
18218
- =Zve'e
=0T

6€9°L¢L —
© €L0°0el —

6L0°€VL —

T
=000"15¢5°65} —

0€9'¥8L —

Ak

ppm

40

\ \ \ \ \ \
180 160 140 120 100 80

\
200

Page 71 of 74



ppm

Fn~ =£0¢0°}

=

\801°}

766
768
0¥9

1e8”

Z89
000
81¢
16¢

ocL”

6L”

44

Le—

SE€—~—
R
v —

GG —

oL
.PPWW
“LL
vg—

90T —
T6CT—

T —

GGT—

68T —

ppm

40

T T T T T
180 160 140 120 100 80

T
200

Page 72 of 74



VI Single Crystal X-Ray Diffraction of ent-3k.

Figure S1 Crystal structure of ent-3k with thermal ellipsoids shown at the 40%
probability level

Table S1. Crystal data and structure refinement for ent-3k.

Identification code ent-3k

Empirical formula C16 H21 N3 O5

Formula weight 335.36

Temperature 100.0(2) K

Wavelength 1.54184 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=8.4855(4) A o= 90°.
b=15.8870(7) A B=90°.
c=25.5299(13) A v =90°.

Volume 3441.7(3) A3

Z 8

Density (calculated) 1.294 Mg/m3

Absorption coefficient 0.812 mm-!

F(000) 1424

Crystal size 0.150 x 0.120 x 0.040 mm?3

Theta range for data collection 3.276 to 73.374°.

Index ranges -10<=h<=3, -19<=k<=19, -31<=1<=30

Reflections collected 8887

Independent reflections 5845 [R(int) = 0.0365]

Completeness to theta = 67.684° 99.8 %
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Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

Page 74 of 74

Semi-empirical from equivalents
1.00000 and 0.74145
Full-matrix least-squares on F2
5845/0/443

1.003

R1=0.0384, wR2 = 0.0804
R1=10.0489, wR2 = 0.0857
-0.06(15)

n/a

0.190 and -0.194 e.A-3



