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General methods. Unless stated otherwise, all reactions were carried out in
flame-dried glassware under a dry argon atmosphere. All solvents were freshly

distilled according to standard methods prior to use.

'H and *3C NMR spectra were recorded on a Varian instrument (300 MHz and 75
MHz, 400 MHz and 100 MHz, respectively) and internally referenced to
tetramethylsilane signal or residual protio solvent signals. F NMR spectra were
recorded on Varian instrument (282 MHz and 376 MHz, respectively) and referenced
relative to CFCls. Data for *H NMR are recorded as follows: chemical shift (8, ppm),
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br =
broad singlet, coupling constant(s) in Hz, integration). Data for 3C NMR are reported

in terms of chemical shift (5, ppm).

Table S1. Optimization of the reaction conditions?

[I(COD)CI], (2 mol%)
H Me-THQphos (1c) (4 mol%)

base, THF, 50 °C
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Ph/\g\OCone
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),
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5aa (R,R,)-Me-THQphos

entry base t(h) conv.(%)" dr(4aa)’ yield (4aa) (%)° ee (%)
1 Cs,CO3 5 >05 5/1 84 87
2 - 36 45 9/1 42 86
3 K,CO3 36 72 4/1 58 81
4 K3POq4 36 54 >20/1 15 80
5 DBN 24 - 9/1 - 91
6 DBU 15 62 10/1 - 90
7 DABCO 24 32 6/1 - 83
8 P.S. 24 23 12/1 - 59
9 EtsN 24 90 8/1 64 87
10° EtsN 6 >95 8/1 82 90
11°f EtzN 12 >95 15/1 70 95
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1289 Et;N 12 >95 >20/1 82 95

2.0 mol% of [Ir(COD)CI], 4.0 mol% of 1c, 100 mol% of base, 150 mol% of 3a and
100 mol% of 2a in THF at 50 °C. Unless noted, Ir-catalyst was prepared via n-PrNH,
activation. ® Determined by *H NMR of the crude reaction mixture. Unless noted,
4aal5aa; >97/3. © Isolated yield. ¢ Ee of 4aa was determined by HPLC analysis
(Chiralpak IC). ® 100 mol% of 3a and 200 mol% of 2a were used. " The reaction was

performed at rt.  Ir-catalyst was in situ prepared by TBD (10 mol%) activation.

General procedure for Ir-catalyzed intermolecular diastereoselective and
enantioselective allylic alkylation of 3-substituted indoles

[Ir(COD)CI], (2 mol%)
X Me-THQphos (4 mol%)
X
R1—: N\ TBD (10 mol%) . R P N
Z N EtsN, THF, rt

H
) RZN-"0co,Me
3 (R R -Me-THQphos

A flame-dried Schlenk tube was cooled to room temperature and filled with argon.
To this flask were added [Ir(COD)CI], (5.4 mg, 0.008 mmol, 2.0 mol%), (R,Ra)-1c
(7.4 mg, 0.016 mmol, 4.0 mol%), TBD (5.6 mg, 0.04 mmol, 10 mol%), and THF (1.0
mL). The reaction mixture was stirred at room temperature for 10 min, generating an
orange solution. To another Schlenk tube were added indole derivative 2 (0.8 mmol,
200 mol%), allylic carbonate 3 (0.40 mmol, 100 mol%), EtsN (40.4 mg, 0.40 mmol,
100 mol%), and THF (3 mL). Then, the above pre-formed catalyst solution was
transferred to this tube. The reaction mixture was stirred at room temperature until
allylic carbonate 3 was fully consumed (monitored by TLC). Upon completion of the
reaction, the mixture was concentrated under reduced pressure. The ratio of 4/5 and
diastereoselectivity of 4 were determined by *H NMR of the crude reaction mixture.
Then the residue was purified by silica gel column chromatography (PE/EA = 20/1) to
afford the desired product 4. The characterization data of the products are summarized

below.
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4aa. Yellow oil, 82% vyield, 95% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v=1.0 mL~min'1, A =254 nm, t (minor) = 19.96 min, t
(major) = 26.60 min]; [a]p** = -22.4 (c = 1.0, CHCIl3). *H NMR (300 MHz, CDCls,
minor diastereomer indicated by *) 6 2.17 (dd, J = 4.5, 11.7 Hz, 1H), 2.33 (dt, J = 7.2,
11.7 Hz, 1H), 3.46-3.55 (m, 2H), 3.96 (t, J = 7.5 Hz, 1H), 4.30 (br s, 1H), 5.09 (d, J =
17.1 Hz, 1H), 5.17 (d, J = 10.2 Hz, 1H), 5.39 (s, 1H), 5.44 (s, 1H*), 6.34 (ddd, J = 8.7,
10.2, 16.8 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 6.68-6.73 (m, 1H), 6.88-6.91 (m, 3H),
7.06 (dt, J = 1.2, 7.8 Hz, 1H), 7.15-7.19 (m, 3H). *C NMR (100 MHz, CDCl3) & 39.2,
57.4, 61.9, 67.6, 96.6, 108.4, 117.1, 118.5, 124.8, 126.7, 128.1, 128.4, 128.6, 130.2,
137.9, 140.6, 150.5. IR (thin film): vmax (cm™) = 3403, 3348, 2970, 2867, 1606, 1470,
1412, 1360, 1314, 1241, 1154, 1109, 1040, 1011, 957, 915, 744, 722, 700, 663;
HRMS (ESI) calcd for C1gHo0NO [M+H]": 278.1539. Found: 278.1529.

4ab. Yellow oil, 79% vyield, 96% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak AD-H (0.46 cm x 15 cm), CO,/2-propanol = 90/10, v = 1.3
mL-min™, A = 214 nm, t (minor) = 22.01 min, t (major) = 36.45 min]; [a]p?? = -0.70
(c = 1.0, CHCl5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
2.16 (dd, J = 4.8, 12.0 Hz, 1H), 2.27-2.35 (m, 1H), 3.47-3.54 (m, 2H), 3.74 (s, 3H),
3.78 (s, 3H*), 3.96 (t, J = 7.6 Hz, 1H), 4.36 (s, 1H), 4.54 (s, 1H*), 5.05 (d, J = 17.2
Hz, 1H), 5.15 (d, J = 10.4 Hz, 1H), 5.37 (s, 1H), 5.41 (s, 1H*), 5.93-6.01 (m, 1H*),
6.27-6.36 (M, 1H), 6.48 (d, J = 8.0 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H*), 6.69-6.72 (m,
3H), 6.80 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 6.8 Hz, 1H).*C
NMR (100 MHz, CDCl3) & 39.2, 55.0, 56.6, 61.9, 67.6, 96.6, 108.4, 113.4, 116.8,
118.4, 124.8, 128.3, 129.5, 130.3, 132.7, 138.1, 150.5, 158.2. IR (thin film): vmax (cm™)
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= 3400, 2966, 2869, 1608, 1510, 1467, 1412, 1360, 1306, 1243, 1179, 1108, 1034,
953, 916, 832, 808, 742, 656; HRMS (ESI) calcd for CH2NO, [M+H]": 308.1645.
Found: 308.1639.

4ac. Yellow oil, 79% yield, 97% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v=1.0 mL~min'1, A =254 nm, t (minor) = 19.57 min, t
(major) = 28.16 min]; [o]o™ = -7.5 (c = 1.0, CHCIs). 'H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.17 (dd, J = 4.8, 12.0 Hz, 1H), 2.28 (s, 3H),
2.30-2.36 (M, 1H), 3.48-3.54 (m, 2H), 3.97 (t, J = 7.6 Hz, 1H), 4.33 (br s, 1H), 5.07 (d,
J=17.2 Hz, 1H), 5.14 (d, J = 10.0 Hz, 1H), 5.39 (s, 1H), 5.42 (s, 1H*), 6.32 (ddd, J =
8.4,10.0, 16.8 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 6.72 (t, J = 6.8 Hz, 1H), 6.78 (d, J =
8.4 Hz, 2H), 6.94 (d, J = 7.2 Hz, 1H), 6.98 (d, J = 8.0 Hz, 2H), 7.06 (t, J = 7.2 Hz,
1H). **C NMR (100 MHz, CDCls) § 21.0, 39.3, 57.1, 61.9, 67.6, 96.6, 108.4, 116.9,
118.5, 124.8, 128.3, 128.5, 128.8, 130.4, 136.2, 137.6, 138.1, 150.5. IR (thin film):
Vimax (Cm'l) = 3407, 3352, 2921, 2853, 1607, 1512, 1467, 1411, 1359, 1314, 1241,
1108, 1066, 1041, 1014, 957, 916, 801, 739, 657; HRMS (ESI) calcd for CyH2NO
[M+H]": 292.1696. Found: 292.1685.

4ad. Yellow oil, 80% vyield, 95% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak AD-H (0.46 cm x 15 cm), COy/2-propanol = 95/5, v = 1.3
mL-min™, A = 230 nm, t (minor) = 24.01 min, t (major) = 38.60 min]; [a]p® = -14.2
(c = 1.0, CHCl3). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
2.18 (dd, J = 4.4, 11.6 Hz, 1H), 2.31 (dt, J = 7.2, 11.6 Hz, 1H), 3.47-3.55 (m, 2H),
3.98 (t, J = 8.0 Hz, 1H), 4.35 (br s, 1H), 5.07 (d, J = 16.8 Hz, 1H), 5.18 (d, J = 10.0
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Hz, 1H), 5.33 (s, 1H), 5.43 (s, 1H*), 6.31 (ddd, J = 8.0, 10.0, 16.8 Hz, 1H), 6.47 (d, J
= 8.0 Hz, 1H), 6.71 (dt, J = 0.8, 7.6 Hz, 1H), 6.80-6.87 (m, 4H), 6.92 (d, J = 7.6 Hz,
1H), 7.06 (dt, J = 1.2, 8.0 Hz, 1H).*C NMR (100 MHz, CDCls) & 39.2, 56.6, 61.8,
67.7, 96.6, 108.5, 114.8 (J = 21.3 Hz), 117.3, 118.5, 124.7, 128.6, 129.8, 130.0 (J =
7.6 Hz), 136.3 (J = 3.1 Hz), 137.7, 150.5, 161.6 (J = 244.4 Hz). *F NMR (376 MHz,
CDCl3) & -115.91 (m). IR (thin film): vmax (cm™) = 3346, 2946, 2869, 1605, 1507,
1469, 1412, 1314, 1222, 1159, 1109, 1042, 1012, 959, 918, 836, 808, 740, 656;
HRMS (ESI) calcd for C1gH1sFNO [M+H]": 296.1445. Found: 296.1444.

4ae. Yellow oil, 68% vyield, 95% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (minor) = 20.17 min, t
(major) = 23.74 min]; [o]p? = 0.03 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.18 (dd, J = 4.4, 11.6 Hz, 1H), 2.30 (dt, J = 7.2,
11.6 Hz, 1H), 3.47-3.53 (m, 2H), 3.97 (t, J = 7.2 Hz, 1H), 4.34 (br s, 1H), 5.05-5.09
(m, 1H), 5.19 (dd, J = 1.2, 10.4 Hz, 1H), 5.32 (s, 1H), 5.42 (s, 1H*), 6.30 (ddd, J =
8.4, 10.0, 16.8 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H*), 6.72 (t, J
= 7.6 Hz, 1H), 6.77-6.81 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H),
7.11-7.14 (m, 2H). BC NMR (100 MHz, CDCl3) 6 39.3, 56.8, 61.7, 67.6, 96.6, 108.5,
117.5, 118.5, 124.7, 128.2, 128.6, 129.6, 129.9, 132.5, 137.5, 139.1, 150.5. IR (thin
film): vmax (cm™) = 3346, 2969, 2871, 1607, 1486, 1408, 1361, 1315, 1239, 1156,
1091, 1042, 1012, 954, 919, 825, 804, 743, 705, 656; HRMS (ESI) calcd for
C19H1sCINO [M+H]": 312.1150. Found: 312.1140.

4af. Yellow oil, 70% vyield, 94% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
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n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (minor) = 21.82 min, t
(major) = 26.31 min]; [a]o® = -0.13 (c = 1.0, CHCIl3). *H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.19 (dd, J = 4.8, 12.0 Hz, 1H), 2.26-2.34 (m,
1H), 3.48-3.54 (m, 2H), 3.98 (t, J = 7.6 Hz, 1H), 4.32 (s, 1H), 5.07 (d, J = 17.2 Hz,
1H), 5.19 (d, J = 10.4 Hz, 1H), 5.32 (s, 1H), 5.43 (s, 1H*), 6.25-6.34 (m, 1H), 6.48 (d,
J =8.0 Hz, 1H), 6.70-6.75 (m, 3H), 6.95 (d, J = 7.6 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H),
7.26-7.29 (m, 2H). *C NMR (100 MHz, CDCls) & 39.3, 56.9, 61.7, 67.6, 96.6, 108.5,
117.5, 118.5, 120.7, 124.7, 128.6, 129.6, 130.3, 131.1, 137.4, 139.6, 150.5. IR (thin
film): vmax (cm™) = 3347, 3051, 2924, 2858, 1607, 1483, 1405, 1314, 1239, 1109,
1072, 1042, 1008, 958, 918, 823, 802, 741, 656; HRMS (ESI) calcd for C19H1oBrNO
[M+H]*: 356.0645. Found: 356.0639.

4ag. Yellow oil, 66% yield, 95% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (minor) = 39.92 min, t
(major) = 57.94 min]; [o]po®® = -20.4 (c = 1.0, CHCl3). 'H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.21 (dd, J = 4.8, 12.0 Hz, 1H), 2.28-2.36 (m,
1H), 3.49-3.54 (m, 2H), 3.55 (s, 3H), 3.98 (t, J = 7.6 Hz, 1H), 4.32 (br s, 1H), 5.11 (d,
J=17.2 Hz, 1H), 5.18 (d, J = 10.0 Hz, 1H), 5.36 (s, 1H), 5.43 (s, 1H*), 6.29-6.38 (m,
2H), 6.48 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 7.6 Hz, 1H), 6.71-6.75 (m, 2H), 7.00-7.11
(m, 3H). 3C NMR (100 MHz, CDCl3) & 39.6, 54.8, 57.7, 61.8, 67.5, 96.6, 108.5,
112.9, 113.2, 117.1, 118.4, 121.1, 124.8, 128.4, 129.0, 130.1, 137.8, 142.1, 150.6,
159.0. IR (thin film): vmax (cm™) = 3403, 3355, 2945, 2867, 1602, 1484, 1468, 1436,
1414, 1316, 1262, 1158, 1041, 1012, 917, 739, 699, 657; HRMS (ESI) calcd for
C20H22NO, [M+H]": 308.1645. Found: 308.1639.
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4ah. Yellow oil, 78% vyield, 94% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak IC (0.46 cm x 15 cm), CO,/2-propanol = 90/10, v = 1.3
mL-min™, A =230 nm, t (minor) = 10.56 min, t (major) = 11.34 min]; [e]o®* = -32.0
(c = 1.0, CHCI5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
2.15-2.20 (m, 1H), 2.20 (s, 3H), 2.31 (dt, J = 6.8, 11.2 Hz, 1H), 3.47-3.53 (m, 2H),
3.96 (t, J = 7.6 Hz, 1H), 4.24 (br s, 1H), 5.08 (d, J = 16.8 Hz, 1H), 5.15 (d, J = 10.0
Hz, 1H), 5.37 (s, 1H), 5.41 (s, 1H*), 6.32 (ddd, J = 8.4, 10.0, 16.8 Hz, 1H), 6.47 (d, J
= 7.6 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H*), 6.67-6.73 (m, 3H), 6.93 (d, J = 7.6 Hz, 1H),
6.98 (d, J = 7.6 Hz, 1H), 7.03-7.07 (m, 2H). *C NMR (100 MHz, CDCls) & 21.4, 39.2,
57.5, 61.9, 67.6, 96.5, 108.4, 117.0, 118.5, 124.8, 125.5, 127.4, 127.9, 128.4, 129.5,
130.3, 137.5, 138.0, 140.5, 150.5. IR (thin film): vy (cm™) = 3406, 3353, 3030, 2970,
2867, 1606, 1469, 1412, 1360, 1314, 1242, 1154, 1041, 1013, 961, 915, 886, 782, 7309,
702, 664; HRMS (ESI) calcd for CyoH,;NO [M+H]": 292.1696. Found: 292.1697.

4ai. Yellow oil, 85% yield, 93% ee [Agilent 1260 Infinity Analytical SFC system
Daicel Chiralpak AD-H (0.46 cm x 15 cm), CO,/2-propanol = 85/15, v = 1.3
mL-min™, A =230 nm, t (minor) = 16.40 min, t (major) = 20.62 min]; [a]p? = -25.7
(c = 1.0, CHCl3). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
2.18 (dd, J = 4.8, 12.0 Hz, 1H), 2.30 (dt, J = 7.2, 11.6 Hz, 1H), 2.49 (dt, J = 7.2, 11.6
Hz, 1H*), 3.51-3.57 (m, 1H), 3.93-4.00 (M, 2H), 4.45 (s, 1H), 4.54 (s, 1H*), 5.07-5.18
(m, 2H), 5.47 (d, J = 1.6 Hz, 1H), 5.85-5.94 (m, 1H*), 6.18-6.27 (m, 1H), 6.51 (d, J =
8.0 Hz, 1H), 6.62 (d, J = 4.0 Hz, 1H), 6.67 (d, J = 6.8 Hz, 1H*), 6.71-6.75 (m, 1H),
6.84-6.87 (m, 1H), 6.90-6.92 (m, 1H*), 7.02 (d, J = 7.2 Hz, 1H), 7.07-7.11 (m, 2H).

3C NMR (100 MHz, CDCls) & 39.5, 52.9, 61.9, 67.4, 96.8, 108.4, 117.2, 118.6, 124.2,
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124.9, 125.4, 126.2, 128.7, 129.7, 137.8, 142.9, 150.8. IR (thin film): vma (cm™) =
3350, 3077, 3051, 2944, 2867, 1607, 1469, 1437, 1358, 1313, 1237, 1153, 1108, 1040,
1012, 954, 918, 739, 696; HRMS (ESI) calcd for Ci7H1gNOS [M+H]": 284.1104.
Found: 284.1094.

4aj. Yellow oil, 54% vyield, 95% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (minor) = 22.80 min, t
(major) = 55.77 min]; [¢]o®® = -8.1 (¢ = 1.0, CHCI3). *"H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.11 (dd, J = 4.8, 12.4 Hz, 1H), 2.19 (dd, J = 4.8,
12.4 Hz, 1H*), 2.30 (dt, J = 7.2, 12.0 Hz, 1H), 2.52 (dt, J = 7.2, 12.0 Hz, 1H%*),
3.48-3.55 (m, 1H), 3.74 (d, J = 9.6 Hz, 1H*), 3.79 (d, J = 8.0 Hz, 1H), 3.90-3.94 (m,
1H), 3.97-4.01 (m, 1H*), 4.55 (s, 1H), 4.99-5.04 (m, 1H), 5.12-5.15 (m, 1H), 5.48 (s,
1H*), 5.61 (s, 1H), 5.88 (dd, J = 0.4, 3.2 Hz, 1H), 6.05 (ddd, J = 8.0, 10.4, 17.2 Hz,
1H), 6.27-6.28 (m, 1H), 6.31-6.33 (M, 1H*), 6.51-6.53 (M, 1H*), 6.54-6.57 (M, 1H),
6.61-6.52 (m, 1H*), 6.67-6.71 (m, 1H), 6.80-6.82 (m, 1H), 7.04-7.08 (m, 1H),
7.34-7.40 (m, 1H). 3¢ NMR (100 MHz, CDClg) 6 38.1, 49.6, 61.3, 67.3, 96.1, 107.3,
108.3, 110.2, 117.9, 118.6, 124.2, 128.4, 130.7, 135.2, 141.2, 150.0, 154.0. IR (thin
film): vmax (cm™) = 3406, 3351, 2968, 2869, 1607, 1483, 1412, 1360, 1315, 1259,
1150, 1069, 1012, 957, 919, 799, 737, 658; HRMS (ESI) calcd for Ci7H1sNO;
[M+H]": 268.1332. Found: 268.1332.

4ak. Yellow oil, 46% vyield, 93% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralcel OJ-H (0.46 cm x 15 cm), CO/2-propanol = 90/10, v = 1.3
mL-min™, A = 214 nm, t (minor) = 8.61 min, t (major) = 10.69 min]; [a]o® = -45.0 (c
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= 1.0, CHCIl5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) & 0.92
(d, J = 6.4 Hz, 3H), 1.27 (d, J = 6.4 Hz, 3H*), 2.07 (dd, J = 4.4, 11.6 Hz, 1H), 2.18 (d,
J=7.2,11.6 Hz, 1H), 2.49 (t, J = 6.8 Hz, 1H), 3.04 (t, J = 6.8 Hz, 1H*), 3.47-3.53 (m,
1H), 3.88 (t, J = 6.8 Hz, 1H*), 3.96 (t, J = 7.6 Hz, 1H), 4.56 (s, 1H), 5.05-5.10 (m,
2H), 5.33 (s, 1H), 5.72-5.81 (m, 1H*), 5.94-6.03 (m, 1H), 6.56-6.58 (m, 1H), 6.72 (t,
J = 7.2 Hz, 1H), 7.03-7.09 (m, 2H). *C NMR (100 MHz, CDCl3) & 15.2, 39.2, 44.9,
61.3, 67.6, 97.6, 108.1, 115.3, 118.4, 124.6, 128.2, 140.0, 140.4, 150.4. IR (thin film):
vmax (cm™) = 3406, 3344, 2967, 2933, 2866, 1637, 1607, 1466, 1416, 1360, 1313,
1251, 1222, 1070, 1035, 1001, 952, 914, 741, 659; HRMS (ESI) calcd for C14H1sNO
[M+H]": 216.1383. Found: 216.1385.

4ba. White solid, 50% yield, 97% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 90/10, v = 1.0 mL-min™, A = 254 nm, t (minor) = 7.59 min, t
(major) = 14.46 min]; [a]p** = -61.2 (c = 1.0, CHCIl3). *H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.10-2.24 (m, 2H), 2.34 (s, 3H*), 2.37 (s, 3H),
3.46-3.52 (m, 1H), 3.60-3.65 (m, 1H), 4.04 (d, J = 8.0 Hz, 1H), 4.48 (br s, 1H), 4.85
(d, J = 16.8 Hz, 1H), 4.93 (d, J = 10.4 Hz, 1H), 5.68 (s, 1H), 5.76 (s, 1H*), 6.00 (ddd,
J=8.0, 10.0, 16.8 Hz, 1H), 6.43 (d, J = 7.6 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 6.99 (t,
J = 7.6 Hz, 1H), 7.23-7.34 (m, 5H). *C NMR (100 MHz, CDCls) & 18.7, 35.3, 53.9,
62.2, 67.0, 94.6, 106.2, 116.7, 121.7, 126.9, 128.2, 128.4, 128.9, 129.6, 133.9, 137.9,
140.5, 150.1. IR (thin film): vmax (cm™®) = 3354, 3057, 2977, 2922, 2868, 1590, 1491,
1464, 1365, 1313, 1260, 1159, 1061, 1022, 998, 968, 919, 742, 700, 677, 655; HRMS
(ESI) calcd for CoH2,NO [M+H]": 292.1696. Found: 292.1694. mp = 81.0-84.6 °C.
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4ca. Yellow oil, 74% vyield, 91% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak AD-H (0.46 cm x 15 cm), CO,/2-propanol = 85/15, v = 1.3
mL-min?, & = 230 nm, t (minor) = 10.68 min, t (major) = 14.90 min]; [a]o** = +28.6
(c = 1.0, CHCI5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
2.16 (dd, J = 4.4, 12.0 Hz, 1H), 2.34 (dt, J = 7.6, 12.0 Hz, 1H), 2.44 (dt, J = 7.6, 12.0
Hz, 1H*), 3.42-3.54 (m, 2H), 3.65 (s, 3H*), 3.68 (s, 3H), 3.97 (t, J = 7.2 Hz, 1H),
4.10 (br s, 1H), 5.10 (d, J = 17.2 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.38 (s, 1H), 5.42
(s, 1H*), 6.34 (ddd, J = 8.8, 10.4, 17.2 Hz, 1H), 6.43-6.46 (m, 2H), 6.49-6.51 (m,
2H*), 6.65 (dd, J = 2.4, 8.4 Hz, 1H), 6.91-6.93 (m, 2H), 7.17-7.19 (m, 3H). *C NMR
(100 MHz, CDCIs) & 38.8, 55.8, 57.2, 62.3, 67.6, 97.5, 109.5, 111.4, 113.6, 117.3,
126.8, 128.1, 128.7, 132.0, 137.7, 140.6, 144.4, 153.2. IR (thin film): vmax (cm™) =
3359, 3061, 3029, 2943, 2867, 1633, 1598, 1489, 1437, 1259, 1209, 1182, 1153, 1035,
1012, 959, 917, 805, 741, 702, 649; HRMS (ESI) calcd for ChH2NO, [M+H]™:
308.1645. Found: 308.1632.

4da. Yellow oil, 83% yield, 96% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (minor) = 14.65 min, t
(major) = 18.74 min]; [a]p® = +36.4 (c = 1.0, CHCIs). *H NMR (400 MHz, CDClj,
minor diastereomer indicated by *) 6 2.14 (dd, J = 4.4, 12.0 Hz, 1H), 2.28-2.36 (m,
1H), 2.39-2.47 (m, 1H*), 3.47-3.53 (m, 2H), 3.66 (d, J = 10.0 Hz, 1H*), 3.97 (t, J =
7.6 Hz, 1H), 4.35 (br s, 1H), 5.10 (d, J = 17.2 Hz, 1H), 5.20 (d, J = 10.0 Hz, 1H), 5.39
(s, 1H), 5.45 (s, 1H*), 6.31 (ddd, J = 8.8, 10.4, 17.2 Hz, 1H), 6.38 (d, J = 8.0 Hz, 1H),
6.44 (d, J = 8.0 Hz, 1H*), 6.84 (d, J = 2.0 Hz, 1H), 6.90-6.92 (m, 2H), 7.01 (dd, J =
2.0, 8.4 Hz, 1H), 7.19-7.20 (m, 3H).*C NMR (100 MHz, CDCl5) & 39.1, 57.2, 62.1,
67.6, 96.9, 109.1, 117.7, 123.0, 124.9, 127.0, 128.2, 128.3, 128.6, 132.2, 137.2, 140.2,
149.0. IR (thin film): vmax (cm™) = 3418, 3344, 2972, 2869, 1633, 1604, 1479, 1448,
1360, 1334, 1259, 1223, 1165, 1110, 1066, 1011, 959, 919, 888, 809, 736, 701, 666,
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620; HRMS (ESI) calcd for C19H19CINO [M+H]": 312.1150. Found: 312.1150.

4ea. Yellow oil, 81% yield, 96% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v =1.0 mL~min'1, A =254 nm, t (minor) = 15.11 min, t
(major) = 18.77 min]; [a]p®® = +48.7 (c = 1.0, CHCl3). *H NMR (400 MHz, CDCls,
minor diastereomer indicated by *) 6 2.13 (dd, J = 4.4, 12.0 Hz, 1H), 2.31 (dd, J = 5.6,
10.4 Hz, 1H), 3.46-3.53 (m, 2H), 3.65 (d, J = 10.0 Hz, 1H*), 3.97 (t, J = 7.6 Hz, 1H),
4.37 (s, 1H), 5.10 (d, J = 16.8 Hz, 1H), 5.20 (d, J = 10.0 Hz, 1H), 5.37 (s, 1H), 5.43 (s,
1H*), 6.26-6.35 (m, 2H), 6.40 (d, J = 8.4 Hz, 1H*), 6.90-6.92 (m, 2H), 6.96 (d, J =
2.0 Hz, 1H), 7.13-7.20 (m, 4H). **C NMR (100 MHz, CDCl3) & 39.0, 57.1, 62.0, 67.6,
96.7, 109.6, 109.9, 117.7, 127.0, 127.7, 128.2, 128.6, 131.1, 132.7, 137.2, 140.1,
149.5. IR (thin film): vmax (cm™) = 3417, 3342, 3061, 2972, 2869, 1602, 1476, 1448,
1434, 1360, 1334, 1259, 1223, 1163, 1124, 1065, 1035, 1011, 959, 919, 885, 808, 750,
735, 701, 668; HRMS (ESI) calcd for CigH1oBrNO [M+H]": 356.0645. Found:
356.0640.

4fa. Yellow oil, 81% yield, 95% ee [Agilent 1260 Infinity Analytical SFC system
Daicel Chiralpak IC (0.46 cm x 15 cm), CO,/2-propanol = 90/10, v = 1.3 mL-min™, &
= 214 nm, t (minor) = 11.54 min, t (major) = 14.19 min]; [o]o™ = -5.0 (c = 1.0,
CHCI5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) & 2.12 (dd, J
= 4.4, 11.6 Hz, 1H), 2.33 (dt, J = 7.2, 12.0 Hz, 1H), 3.46-3.52 (m, 2H), 3.97 (t, = 7.6
Hz, 1H), 4.42 (br s, 1H), 5.09 (d, J = 16.8 Hz, 1H), 5.19 (d, J = 10.4 Hz, 1H), 5.39 (s,
1H), 5.44 (s, 1H*), 6.01 (ddd, J = 8.4, 10.0, 16.8 Hz, 1H*), 6.30 (ddd, J = 8.4, 10.0,
16.8 Hz, 1H), 6.44 (d, J = 1.6 Hz, 1H), 6.64 (dd, J = 1.6, 7.6 Hz, 1H), 6.74 (d, J = 7.6
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Hz, 1H), 6.90-6.92 (m, 2H), 7.18-7.20 (m, 3H).**C NMR (100 MHz, CDCls) & 39.0,
57.1, 61.4, 67.7, 96.8, 108.3, 117.6, 118.2, 125.5, 126.9, 128.2, 128.6, 128.8, 134.0,
137.4, 140.3, 151.4. IR (thin film): vma (cm™) = 3418, 3342, 2971, 2868, 1603, 1483,
1452, 1416, 1359, 1313, 1242, 1111, 1069, 1036, 958, 909, 839, 797, 734, 701, 669;
HRMS (ESI) calcd for C1gH39CINO [M+H]": 312.1150. Found: 312.1150.

N

4ga. Yellow oil, 53% vyield, 91% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralcel OJ-H (0.46 cm x 15 cm), CO,/2-propanol = 85/15, v = 1.3
mL-min?, & = 230 nm, t (major) = 7.66 min, t (minor) = 13.15 min]; [o]o®> = -20.7 (c
= 1.0, CHCIs). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) §
1.32-1.41 (m, 1H), 1.52-1.58 (m, 1H), 1.94-2.02 (m, 1H), 2.09-2.14 (m, 1H), 3.34 (d,
J = 10.0 Hz, 1H), 3.37-3.43 (m, 1H), 3.60-3.65 (m, 1H), 4.21 (s, 1H), 4.34 (s, 1H*),
5.06 (s, 1H), 5.10-5.21 (m, 2H), 6.05 (ddd, J = 10.0, 10.0, 16.8 Hz, 1H*), 6.32 (ddd, J
=10.0, 10.0, 16.8 Hz, 1H), 6.50-6.52 (m, 1H), 6.61-6.67 (M, 2H), 6.72-6.75 (m, 2H),
7.08 (dt, J = 1.2, 7.6 Hz, 1H), 7.11-7.17 (m, 3H). *C NMR (100 MHz, CDCls) § 21.0,
25.0, 50.9, 57.4, 61.0, 91.8, 109.3, 117.7, 118.3, 124.6, 126.4, 127.5, 128.0, 129.2,
130.2, 137.5, 140.2, 149.7. IR (thin film): vmax (cm™®) = 3334, 3078, 2918, 1605, 1484,
1464, 1411, 1321, 1235, 1205, 1068, 1012, 945, 914, 745, 713, 638; HRMS (ESI)
caled for CooH22NO [M+H]": 292.1696. Found: 292.1693.

4ha. Yellow oil, 69% yield, 97% ee [Daicel Chiralpak IC (0.46 cm x 25 cm),
n-hexane/2-propanol = 80/20, v = 0.4 mL-min™, A = 254 nm, t (minor) = 14.37 min, t
(major) = 40.95 min]; [a]p?® = -563.5 (¢ = 1.0, CHCls). 'H NMR (400 MHz,

de-DMSO0) & 1.25 (t, J = 6.4 Hz, 3H), 2.13 (dd, J = 6.0, 12.4 Hz, 1H), 2.27-2.35 (m,
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1H), 2.84-2.91 (m, 1H), 3.57 (t, J = 9.6 Hz, 1H), 3.63 (d, J = 8.4 Hz, 1H), 4.11 (g, J =
6.8 Hz, 2H), 5.06 (d, J = 16.8 Hz, 1H), 5.14 (d, J = 10.4 Hz, 1H), 5.32 (s, 1H), 5.87
(br s, 1H), 6.30-6.39 (m, 1H), 6.51 (d, J = 7.6 Hz, 1H), 6.60 (t, J = 7.2 Hz, 1H), 6.82
(d, J = 7.2 Hz, 1H), 7.00-7.03 (m, 3H), 7.22-7.28 (m, 3H). *C NMR (100 MHz,
ds-DMSO) 6 14.1, 34.3, 44.6, 56.0, 59.9, 73.1, 78.0, 108.0, 116.4, 116.6, 123.5, 126.0,
127.3, 127.7, 128.3, 129.4, 137.8, 140.3, 150.1, 153.3. IR (thin film): vmax (Cm'l) =
3365, 2976, 2879, 1684, 1606, 1467, 1418, 1380, 1347, 1319, 1234, 1198, 1170, 1110,
1049, 920, 892, 744, 701, 673; HRMS (ESI) calcd for C,HsN20, [M+H]™: 349.1911.
Found: 349.1907.

4ia. Yellow oil, 58% yield, 98% ee [Daicel Chiralpak AD-H (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v = 1.0 mL-min™, A = 254 nm, t (major) = 22.66 min, t
(minor) = 48.68 min]; [o]o” = -242.0 (c = 1.0, CHCIs). *H NMR (400 MHz, CDCls,
rotamer) & 1.42 (s, 6H), 1.50 (s, 3H), 2.13-2.19 (m, 1H), 2.24-2.30 (m, 1H), 2.91-2.98
(m, 1H), 3.46 (d, J = 9.2 Hz, 1H), 3.50-3.69 (m, 1H), 4.45 and 4.89 (s, 1H), 5.09-5.26
(m, 3H), 6.26-6.35 (m, 1H), 6.51 (d, J = 8.0 Hz, 1H), 6.61-6.65 (m, 2H), 6.90-6.92 (m,
2H), 7.03-7.07 (m, 1H), 7.16-7.20 (m, 3H).**C NMR (150 MHz, CDCls, rotamer) &
28.4, 28.6, 29.7, 33.6, 33.7, 45.4, 45.8, 56.6, 56.8, 60.4, 61.5, 78.9, 79.7, 80.1, 109.1,
109.3, 117.5, 117.6, 118.0, 118.5, 124.4, 124.5, 126.7, 126.8, 127.86, 127.95, 127.98,
128.5, 128.6, 128.7, 128.8, 129.2, 129.9, 130.0, 137.3, 137.4, 140.4, 149.7, 150.1,
153.4, 154.3. IR (thin film): vmax (cm™) = 3402, 3030, 2975, 2880, 1684, 1607, 1480,
1398, 1367, 1315, 1252, 1205, 1163, 1112, 1051, 994, 920, 891, 746, 704, 673;
HRMS (ESI) calcd for C4H29N,0, [M+H]": 377.2224. Found: 377.2215.
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4ja. Yellow oil, 58% yield, 96% ee [Phenomenex Lu x 5u Cellulose-4 (0.46 cm X
25 cm), n-hexane/2-propanol = 100/1, v = 1.0 mL~min'1, A =254 nm, t (minor) =
22.27 min, t (major) = 43.56 min]; [o]p® = -109.6 (c = 1.0, CHCIs). *H NMR (600
MHz, de-DMSO) & 0.94-0.95 (m, 6H), 1.94 (br s, 1H), 2.13 (dd, J = 6.0, 12.6 Hz, 1H),
2.29-2.34 (m, 1H), 2.87-2.88 (m, 1H), 3.58 (t, J = 9.6 Hz, 1H), 3.63 (d, J = 8.4 Hz,
1H), 3.83 (br s, 2H), 5.06 (d, J = 16.8 Hz, 1H), 5.14 (dd, J = 1.2, 10.2 Hz, 1H), 5.34 (s,
1H), 5.83 (br s, 1H), 6.34 (ddd, J = 9.0, 10.2, 17.4 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H),
6.60 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 7.2 Hz, 1H), 7.00-7.02 (m, 3H), 7.20-7.23 (m,
3H). °C NMR (150 MHz, d-DMSO0) & 18.40, 18.43, 27.1, 34.4, 44.6, 56.0, 60.0, 70.1,
78.1, 108.1, 116.5, 116.7, 123.5, 126.1, 127.4, 127.7, 128.3, 129.5, 137.8, 140.3,
150.1, 153.4. IR (thin film): vmax (cm™®) = 3360, 2961, 2875, 1687, 1606, 1468, 1418,
1384, 1359, 1319, 1260, 1198, 1109, 1050, 989, 918, 886, 816, 744, 701, 674, HRMS
(ESI) calcd for Co4H29N20, [M+H]': 377.2224. Found: 377.2223.

4ka. Yellow oil, 67% yield, 99% ee [Daicel Chiralpak AD-H (0.46 cm x 15 cm)
and Chiralpak IC (0.46 cm x 25 cm), n-hexane/2-propanol/Et,NH = 80/20/0.1, v = 0.7
mL-min™, A = 230 nm, t (minor) = 43.60 min, t (major) = 46.26 min]; [a]p® = -157.5
(c = 1.0, CHCl3). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
1.96-2.10 (m, 2H), 2.36 (s, 3H*), 2.45 (s, 3H), 3.03 (dt, J = 6.0, 10.8 Hz, 1H), 3.30 (d,
J=9.2 Hz, 1H), 3.41 (t, J = 9.2 Hz, 1H), 4.58 (s, 1H), 5.01 (d, J = 17.2 Hz, 1H), 5.06
(d, J = 10.4 Hz, 1H), 5.26 (s, 1H), 6.03-6.12 (m, 1H), 6.52 (d, J = 8.0 Hz, 1H), 6.58 (d,
J=7.2 Hz, 1H), 6.64 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.2 Hz, 2H), 7.06 (t, J = 7.6 Hz,
1H), 7.13-7.19 (m, 3H), 7.30 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H). *C NMR
(100 MHz, CDCl3) 6 21.5, 34.8, 47.5, 56.6, 62.0, 81.7, 109.6, 117.8, 118.7, 124.3,
126.9, 127.1, 128.1, 128.6, 128.8, 129.4, 129.7, 136.3, 136.9, 140.0, 143.4, 149.5. IR
(thin film): vmax (cm™) = 3387, 2967, 2917, 1714, 1600, 1486, 1462, 1400, 1337, 1251,
1155, 1112, 1059, 920, 884, 779, 754, 700, 660; HRMS (ESI) calcd for CzsH27N20,S
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[M+H]*: 431.1788. Found: 431.1782.

4la. Yellow oil, 75% yield, 98% ee [Daicel Chiralpak AD-H (0.46 cm x 25 cm),
n-hexane/2-propanol = 100/1, v=1.0 mL~min'1, A =254 nm, t (minor) = 39.25 min, t
(major) = 44.19 min]; [a]p?® = -530.0 (c = 1.0, CHCIls). 'H NMR (400 MHz,
de-DMSO) § 2.07 (dd, J = 5.6, 12.4 Hz, 1H), 2.23-2.31 (m, 1H), 2.81-2.88 (m, 1H),
3.51-3.62 (m, 2H), 3.62 (s, 3H), 5.03 (d, J = 16.8 Hz, 1H), 5.11 (d, J = 10.0 Hz, 1H),
5.28 (s, 1H), 6.24 (br s, 1H), 6.24-6.33 (m, 1H), 6.60 (s, 1H), 6.67 (s, 2H), 6.98-7.00
(m, 2H), 7.20-7.21 (m, 3H). **C NMR (100 MHz, d-DMSO0) & 34.2, 44.7, 51.5, 55.7,
59.8, 78.2, 110.4, 116.8, 118.9, 120.8, 125.1, 126.2, 127.5, 128.2, 129.0, 137.3, 140.0,
151.9, 153.6. IR (thin film): vmax (cm™) = 3352, 2951, 2875, 1681, 1601, 1452, 1394,
1314, 1230, 1199, 1110, 1051, 989, 954, 920, 850, 777, 752, 724, 700, 625; HRMS
(ESI) caled for Co1H2,BrN,O, [M+H]': 413.0859. Found: 413.0857.

””7\00 Me

N coMe

4na. Yellow oil, 48% vyield, 99% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak IC (0.46 cm x 15 cm), CO,/2-propanol = 95/5, v = 1.3
mL-min™, A = 230 nm, t (major) = 20.66 min, t (minor) = 23.09 min]; [a]o® = -74.2
(c = 1.0, CHCl3). *H NMR (400 MHz, CDCl5) & 1.87-1.96 (m, 1H), 2.12-2.28 (m, 3H),
3.37 (br s, 1H), 3.65 (s, 3H), 3.67 (d, J = 9.6 Hz, 1H), 3.79 (s, 3H), 4.58 (s, 1H), 5.08
(d, J = 17.2 Hz, 1H), 5.14 (d, J = 10.4 Hz, 1H), 6.31-6.40 (m, 2H), 6.74-6.81 (m, 3H),
7.01-7.05 (m, 1H), 7.10-7.11 (m, 3H), 7.18 (d, J = 7.6 Hz, 1H). *C NMR (100 MHz,
CDClIs) 6 32.0, 38.0, 52.2, 52.7, 59.7, 62.3, 67.8, 69.6, 109.8, 116.5, 118.8, 124.6,
126.4, 127.9, 128.3, 128.9, 132.0, 138.2, 141.3, 151.7, 169.4, 171.9. IR (thin film):
vmax (cm™) = 3387, 2953, 2870, 1726, 1602, 1485, 1453, 1434, 1330, 1261, 1234,
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1190, 1152, 1101, 1063, 1025, 993, 918, 742, 702; HRMS (ESI) calcd for Cy4H26NO4
[M+H]": 392.1856. Found: 392.1854.

”RCOZEt

40a. Yellow oil, 67% yield, 98% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak IC (0.46 cm x 15 cm), COy/2-propanol = 95/5, v = 1.3
mL-min™, A = 230 nm, t (major) = 21.84 min, t (minor) = 26.37 min]; [o]o® = -72.4
(c = 1.0, CHCI5). *H NMR (400 MHz, CDCls, minor diastereomer indicated by *) &
1.19 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 6.8 Hz, 3H), 1.87-1.95 (m, 1H), 2.11-2.27 (m,
3H), 3.39 (br s, 1H), 3.67 (d, J = 8.8 Hz, 1H), 4.03-4.11 (m, 1H), 4.16-4.32 (m, 3H),
4.58 (s, 1H), 4.80 (s, 1H*), 5.08 (d, J = 16.8 Hz, 1H), 5.14 (d, J = 10.0 Hz, 1H),
6.32-6.41 (m, 2H), 6.73-6.77 (m, 1H), 6.79-6.81 (m, 2H), 7.00-7.04 (m, 1H),
7.09-7.13 (m, 3H), 7.18 (d, J = 8.4 Hz, 1H). *C NMR (100 MHz, CDCls) § 14.09,
14.12, 32.0, 37.9, 59.7, 61.0, 61.4, 62.3, 67.8, 69.4, 109.6, 116.4, 118.6, 124.5, 126.3,
127.9, 128.3, 128.9, 131.9, 138.3, 141.4, 151.8, 169.0, 171.6. IR (thin film): vmax (cm™)
= 3390, 2979, 1724, 1603, 1484, 1466, 1367, 1257, 1231, 1183, 1152, 1098, 1058,
1024, 917, 857, 803, 746, 702; HRMS (ESI) calcd for CasH3oNO4 [M+H]": 420.2169.
Found: 420.2167.

"R\cogpr

4pa. Yellow oil, 54% vyield, 97% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak IC (0.46 cm x 15 cm), CO/2-propanol = 95/5, v = 1.3
mL-min™, A = 230 nm, t (major) = 14.24 min, t (minor) = 17.33 min]; [a]o®° = -81.8
(c = 1.0, CHCI3). *H NMR (400 MHz, CDCls) § 1.17 (d, J = 6.4 Hz, 3H), 1.19 (d, J =
6.4 Hz, 3H), 1.26 (d, J = 4.8 Hz, 3H), 1.28 (d, J = 5.2 Hz, 3H), 1.85-1.94 (m, 1H),
2.08-2.26 (m, 3H), 3.37 (br s, 1H), 3.67 (d, J = 8.8 Hz, 1H), 4.57 (s, 1H), 4.99-5.14

S17



(m, 4H), 6.32-6.41 (m, 2H), 6.74 (t, J = 7.2 Hz, 1H), 6.80-6.81 (m, 2H), 7.01 (t, J =
8.0 Hz, 1H), 7.09-7.12 (m, 3H), 7.17 (d, J = 7.2 Hz, 1H). **C NMR (100 MHz, CDCl,)
§ 215, 21.6, 21.7, 32.1, 37.8, 59.7, 62.3, 67.8, 68.4, 68.8, 69.2, 109.5, 116.3, 118.5,
1245, 126.3, 127.9, 128.3, 128.9, 131.9, 138.4, 141.4, 151.8, 168.4, 171.1. IR (thin
film): vmax (cm™) = 3400, 2980, 1719, 1603, 1485, 1464, 1374, 1260, 1234, 1183,
1156, 1095, 1063, 997, 980, 913, 847, 808, 739, 702; HRMS (ESI) calcd for
CasHa4NO, [M+H]": 448.2482. Found: 448.2484.

,,,,,
7\co Me
CoMe

4qa. Yellow oil, 42% vyield, 99% ee [Agilent 1260 Infinity Analytical SFC
system Daicel Chiralpak IC (0.46 cm x 15 cm), COy/2-propanol = 95/5, v = 1.3
mL-min?, A = 230 nm, t (major) = 10.15 min, t (minor) = 12.56 min]; [a]o** = -75.8
(c = 1.0, CHCls). *H NMR (400 MHz, CDCl3) 6 1.86-1.94 (m, 1H), 2.13-2.27 (m, 3H),
3.53 (brs, 1H), 3.64 (s, 3H), 3.64-3.66 (m, 1H), 3.78 (s, 3H), 4.61 (s, 1H), 5.08 (d, J =
16.8 Hz, 1H), 5.15 (d, J = 10.0 Hz, 1H), 6.04 (dd, J = 2.0, 9.6 Hz, 1H), 6.31 (ddd, J =
8.8, 10.4, 17.2 Hz, 1H), 6.40-6.45 (m, 1H), 6.81-6.83 (m, 2H), 7.04-7.08 (m, 1H),
7.12-7.14 (m, 3H).13C NMR (100 MHz, CDCl3) & 31.9, 37.9, 52.3, 52.8, 59.5, 61.6,
67.6, 70.3, 96.9 (J = 25.8 Hz), 104.9 (J = 22.8 Hz), 116.8, 125.0 (J = 10.6 Hz), 126.5,
127.3, 128.0, 128.9, 137.8, 141.1, 153.0 (J = 11.4 Hz), 162.5, 164.9, 170.5 (J = 243.6
Hz). ®F NMR (376 MHz, CDCls) & -114.96 (m). IR (thin film): vma (cm™) = 3391,
2958, 2321, 1727, 1610, 1493, 1453, 1435, 1329, 1236, 1194, 1146, 1101, 1072, 995,
919, 741, 704; HRMS (ESI) calcd for CoHosFNO, [M+H]™: 410.1762. Found:
410.1761.

Procedure for the synthesis of 4ma

NHCO,Me
F\CEC ¢ ph N oco,Mme
3a
N standard condition

H
2m

40% yield for two steps
99% ee, >20/1 dr
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Following the general procedure for Ir-catalyzed intermolecular allylic alkylation
of indole derivatives, the reaction of 2m (239.1 mg, 1.2 mmol) and 3a (582.0 mg, 2.4
mmol) was conducted under the standard conditions. Upon completion of the reaction,
the mixture was concentrated under reduced pressure. The residue was subjected to a
short column chromatography (PE/EA = 10/1) to afford the crude product (177.8 mg,
41% yield).

A flame-dried 25mL round bottom flask was cooled to room temperature and
filled with argon. To this flask was added LiAlH; (47.9 mg, 1.26 mmol), the
atmosphere was exchanged with argon three times before the addition of THF (10 mL)
and the slow addition of the solution of the crude product obtained above (147.8 mg,
0.42 mmol) in THF (5 mL). After the reaction was complete (monitored by TLC), the
reaction mixture was quenched with water, extracted with ether. The combined
organic layers were washed with brine, dried over Na,SO,, and filtrated. The solvent
was removed under reduced pressure, the residue was purified by silica gel column
chromatography (EA/EtsN = 100/0.1) to afford the desired product 4ma. Colorless
liquid, 126.7 mg, 98% yield, 99% ee [Daicel Chiralcel OD-H (0.46 cm x 25 cm),
n-hexane/2-propanol = 98/2, v = 0.5 mL-min™, A = 214 nm, t (minor) = 17.91 min, t
(major) = 22.19 min]; [o]p®® = -19.0 (c = 1.0, CHCls). *H NMR (400 MHz, CDCl3) &
2.00-2.06 (m, 1H), 2.32-2.39 (m, 1H), 2.35 (s, 3H), 2.61-2.64 (m, 2H), 3.26 (br s, 1H),
3.47 (d, J = 8.8 Hz, 1H), 4.32 (s, 1H), 5.07 (dt, J = 1.6, 16.8 Hz, 1H), 5.19 (dt, J = 1.2,
10.4 Hz, 1H), 6.31 (ddd, J = 8.8, 10.4, 17.2 Hz, 1H), 6.42 (dd, J = 4.4, 8.4 Hz, 1H),
6.69-6.78 (m, 2H), 6.85-6.88 (m, 2H), 7.15-7.19 (m, 3H); *C NMR (150 MHz,
CDCly) § 36.9, 37.9, 52.4, 58.5, 61.9, 86.6, 110.3 (J = 8.1 Hz), 112.0 (J = 24.2 Hz),
114.3 (J = 23.6 Hz), 117.5, 126.7, 128.1, 128.9, 135.2 (J = 7.5 Hz), 137.7, 140.6,
147.0, 157.1 (J = 234 Hz). ®F NMR (376 MHz, CDCls) & -125.7 (m). IR (thin film):
vmax (cm™) = 3390, 2930, 2857, 2790, 1603, 1486, 1448, 1347, 1247, 1184, 1158,
1113, 996, 917, 871, 804, 750, 702, 670; HRMS (ESI) calcd for CooHaoFN, [M+H]*:
309.1762. Found: 309.1764.

Ir-catalyzed asymmetric allylic alkylation of tryptophan derivatives

S19



H H

[ICOD)CI], (4 mol%) exo-4ra: 51%, 10/1 dr

Me-THQphos (1c) (8 mol%)

2 CO;Me TBD (20 mol%) | o
W Et;N, THF, rt
NHBoc R WCO,Me
\ e
N

NY trans

endo-4ra: 62%, 3.5/1 dr

a CO,Me \
el -
NHBoc o CO-M
\ - Y bivie
N . ' '"NBoc )
H P X" 0Cco,Me N cis
3a

A flame-dried Schlenk tube was cooled to room temperature and filled with argon.
To this flask were added [Ir(COD)CI]; (10.8 mg, 0.016 mmol, 4.0 mol%), (R,Ra)-1c
(14.8 mg, 0.032 mmol, 8.0 mol%), TBD (11.2 mg, 0.08 mmol, 20 mol%), and THF
(1.0 mL). The reaction mixture was stirred at room temperature for 10 min, generating
an orange solution. To another Schlenk tube were added indole derivative 2r (0.8
mmol, 200 mol%), allylic carbonate 3a (0.40 mmol, 100 mol%), EtsN (40.4 mg, 0.40
mmol, 100 mol%), and THF (3 mL). Then, the above pre-formed catalyst solution
was transferred to this tube. The reaction mixture was stirred at room temperature
until allylic carbonate 3 was fully consumed (monitored by TLC). Upon completion
of the reaction, the mixture was concentrated under reduced pressure. The ratio of
branched/linear ratio and diastereoselectivity of 4ra were determined by *H NMR of
the crude reaction mixture. Then the residue was purified by silica gel column
chromatography (PE/EA = 20/1) to afford the desired product 4ra. The

characterization data of the products are summarized below.

cis-4ra. Yellow oil, 51% vyield. [a]p®* = -226.0 (c = 1.0, CHCIs). *H NMR (600
MHz, de-DMSO) & 1.37-1.47 (m, 9H), 2.41-2.55 (m, 2H), 3.56 (d, J = 7.8 Hz, 1H),
3.71 (s, 3H), 3.86 (br, 1H), 5.08 (d, J = 16.8 Hz, 1H), 5.17 (d, J = 10.2 Hz, 1H), 5.32
(s, 1H), 5.86 (br s, 1H), 6.35 (ddd, J = 10.2, 10.2, 17.4 Hz, 1H), 6.58 (d, J = 7.8 Hz,
1H), 6.62 (t, J = 7.8 Hz, 1H), 6.80 (br s, 1H), 6.94 (t, J = 4.2 Hz, 2H), 7.04 (t, J = 7.8
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Hz, 1H), 7.20-7.21 (m, 3H).*C NMR (100 MHz, de-DMSO) & 27.6, 38.2, 51.4, 55.7,
58.7, 66.1, 108.7, 116.9, 117.0, 123.8, 125.8, 126.2, 127.5, 127.6, 128.1, 128.4, 129.3,
137.4,139.9, 149.4, 152.5, 172.3. IR (thin film): vy (cm™) = 3399, 2977, 2322, 1747,
1690, 1607, 1482, 1392, 1362, 1333, 1316, 1258, 1198, 1155, 1048, 1032, 994, 922,
899, 863, 780, 749, 701; HRMS (ESI) calcd for CpsHaN,O, [M+H]*: 435.2278.
Found: 435.2278.

trans-4ra. Yellow oil, 62% yield. [a]p®* = -110.6 (¢ = 1.0, CHCls). *H NMR (600
MHz, de-DMSO, minor diastereomer indicated by *) 6 1.39-1.44 (m, 9H), 2.41 (d, J =
13.2 Hz, 1H), 2.71 (t, J = 12.0 Hz, 1H), 3.16 (s, 3H), 3.63 (d, J = 4.8 Hz, 1H), 4.29 (d,
J=5.4Hz, 1H), 5.08 (d, J = 16.8 Hz, 1H), 5.12 (d, J = 8.4 Hz, 1H*), 5.14 (d, J = 10.2
Hz, 1H), 5.28 (d, J = 17.4 Hz, 1H*), 5.37 (s, 1H), 6.00-6.06 (m, 1H*), 6.31 (ddd, J =
10.2, 10.2, 18.6 Hz, 1H), 6.52-6.54 (m, 2H), 6.70 (d, J = 7.2 Hz, 1H), 6.98 (t, J = 7.8
Hz, 1H), 7.01 (d, J = 3.0 Hz, 2H), 7.23-7.26 (m, 3H). *C NMR (100 MHz, d-DMSO)
o 27.7, 38.4, 50.8, 55.6, 58.7, 73.2, 79.2, 108.2, 112.9, 116.3, 116.7, 117.0, 123.7,
125.8, 126.2, 126.4, 127.5, 127.6, 128.0, 128.3, 128.6, 128.9, 137.7, 140.1, 141.8,
144.0, 150.4, 152.7, 170.9. IR (thin film): vmay (cm™) = 3404, 2976, 2322, 1754, 1734,
1690, 1608, 1483, 1453, 1389, 1366, 1322, 1230, 1168, 1112, 1033, 994, 903, 863,
744, 720, 700; HRMS (ESI) calcd for CsHaN,Os [M+H]": 435.2278. Found:
435.2279.

Gram-scale synthesis of 4aa

OH [ICOD)CIl, (2 mol%) Ph

X 1c (4 mol%) o~
b + PhN0COMe  TBD (10 mol%) D
N 3a N O

N EtN, THF, rt
a 5.0 mmol, 78% yield Pl

N

A flame-dried Schlenk tube was cooled to room temperature and filled with
argon. To this flask were added [Ir(COD)CI], (67.1 mg, 0.10 mmol, 2.0 mol%),
(R,Ra)-1c (92.2 mg, 0.20 mmol, 4.0 mol%), TBD (69.5 mg, 0.50 mmol, 10 mol%),
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and THF (5.0 mL). The reaction mixture was stirred at room temperature for 10 min,
yielding an orange solution. To another Schlenk tube were added tryptophol 2a (1.61
g, 10.0 mmol, 200 mol%), cinnamyl methyl carbonate 3a (960.0 mg, 5.0 mmol, 100
mol%), EtsN (505.0 mg, 5.0 mmol, 100 mol%), and THF (15 mL). Then, the above
pre-formed catalyst solution was transferred to this tube. The reaction mixture was
stirred at room temperature until allylic carbonate 3a was fully consumed (monitored
by TLC). Upon completion of the reaction, the mixture was concentrated under
reduced pressure. The diastereoselectivity of 4aa was determined by *H NMR of the
crude reaction mixture. Then the residue was purified by silica gel column
chromatography (PE/EA = 20/1) to afford the desired product 4aa (1.08 g, 19/1 dr,
78% yield, 95% ee).

Procedure for the synthesis of 7

\ HO
Ph Ph
o 1) 9-BBN, THF, -78 °C - rt )
S0 2) 3 M NaOH, 30% H,O, \ \\OH

N
H

H
4aa, 19/1 dr, 95% ee 7

Compound 4aa (170.4 mg, 0.62 mmol, 95% ee) was dissolved in degassed THF
(4 mL) and then 9-BBN (6.0 mL, 0.5 M in THF, 3.0 mmol) was added at -78 <C. The
reaction mixture was allowed to warm to room temperature slowly and stirred
overnight. Then the reaction mixture was cooled to 0 <C, 3M aqueous NaOH (1.5 mL)
solution was added. After 5 min, 30% H,0, (2.0 mL) was added by syringe. After 8 h,
saturated aqueous Na,SO;3; solution was added, then the reaction mixture was
extracted three times with Et,O (10.0 mL). The combined organic layers were washed
with brine, dried over Na,SOy,, filtered, and concentrated. The diastereoselectivity of 7
was determined by 'H NMR of the crude reaction mixture. Then the residue was
purified by silica gel column chromatography (PE:EA = 1:1) to give 7 as yellow oil in
45% vyield (83.0 mg). The enantiomeric excess was determined by HPLC analysis
[Daicel Chiralpak IC (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 0.7
mL-min™, & = 230 nm, t (minor) = 25.62 min, t (major) = 27.46 min] to be 95%.
[a]o?* = -9.9 (c = 1.0, CHCIl3). *H NMR (400 MHz, CDCls) & 1.53 (dt, J = 4.0, 14.0
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Hz, 1H), 1.67-1.74 (m, 1H), 1.85-1.91 (m, 2H), 3.04-3.11 (m, 1H), 3.19 (dd, J = 4.4,
9.6 Hz, 1H), 3.20-3.26 (m, 3H), 3.29-3.40 (m, 3H), 3.43-3.49 (m, 1H), 3.92 (d, J = 8.8
Hz, 1H), 6.71 (d, J = 7.6 Hz, 1H), 6.84 (dt, J = 0.8, 7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz,
1H), 7.10 (dt, J = 1.6, 8.0 Hz, 1H), 7.17-7.19 (m, 2H), 7.23-7.32 (m, 3H). °C NMR
(100 MHz, CDCl3) & 35.0, 44.0, 49.4, 52.5, 54.2, 60.0, 61.0, 110.7, 120.1, 123.2,
126.8, 127.9, 128.3, 128.9, 133.4, 141.5, 150.8. IR (thin film): vmax (cM™) = 2963,
2361, 2337, 1261, 1091, 1020, 866, 798, 699; HRMS (ESI) calcd for CioHx4NO;
[M+H]*: 298.1802. Found: 298.1802.

Procedure for Pt/C catalyzed hydrogenation of compound 4aa

\ Ph Pt/C, H Ph
w EtOAC W
aile} 2lle}
N N
H
8

H
4aa, 19/1 dr, 95% ee

To a solution of 4aa (164.2 mg, 0.59 mmol, 95% ee) in EtOAc (10.0 mL), Pt/C
(63.7 mg, platinum on activated charcoal, 10% Pt basis, 5 mol%) was added. The
reaction mixture was stirred under H, atmosphere (1 atm) at room temperature for 24
h. After the reaction was complete (monitored by LC-MS), the crude reaction mixture
was filtered with celite and washed with EtOAc. The solvents were removed under
reduced pressure. Then the residue was purified by silica gel column chromatography
(PE/EA = 9/1) to afford the desired product 8. White solid, 132.4 mg, 80% vyield, 95%
ee [Daicel Chiralpak IC (0.46 cm x 25 cm), n-hexane/2-propanol = 98/2, v = 0.5
mL-min™, A = 254 nm, t (minor) = 28.95 min, t (major) = 36.78 min]; [a]p** = -32.4
(c = 1.0, CHCIls, minor diastereomer indicated by *). *H NMR (400 MHz, CDCls) §
0.70 (t, J = 7.2 Hz, 3H), 1.87-1.97 (m, 2H), 2.19-2.22 (m, 2H), 2.72 (dd, J = 4.8, 10.4
Hz, 1H), 3.43-3.50 (m, 1H), 3.88-3.93 (m, 1H), 4.30 (br s, 1H), 5.35 (s, 1H), 6.44 (d,
J=7.6 Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H*), 6.66 (t, J = 7.6 Hz, 1H*), 6.72 (t, J = 7.6
Hz, 1H), 6.84-6.86 (m, 2H), 7.01-7.06 (m, 2H), 7.10-7.14 (m, 3H). *C NMR (100
MHz, CDCl3) 6 12.7, 24.7, 39.5, 55.8, 62.3, 67.6, 96.6, 108.3, 118.3, 124.4, 126.5,
127.8, 128.2, 128.7, 130.6, 141.4, 150.6. IR (thin film): vma (cm™) = 3414, 3077,
3020, 2965, 2935, 2871, 1604, 1465, 1410, 1336, 1313, 1260, 1093, 1064, 1004, 966,
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946, 877, 744, 708, 657; HRMS (ESI) calcd for C19H2,NO [M+H]": 280.1696. Found:
280.1701. mp = 93-97 °C.

Procedure for the synthesis of 9

4ma, 99% ee, >20/1 dr

To a solution of 4ma (71.8 mg, 0.20 mmol, 99% ee) in EtOAc (10.0 mL), Pt/C
(12.0 mg, platinum on activated charcoal, 10% Pt basis, 5 mol%) was added. The
reaction mixture was stirred under H, atmosphere (1 atm) at room temperature for 18
h. After the fully conversion of 4ma (monitored by LC-MS), the crude reaction
mixture was filtrated with celite and washed with EtOAc. The solvents were removed
under reduced pressure. Then the residue was purified by silica gel column
chromatography (EA/EtsN = 100/0.1) to afford the desired product 9. White solid,
65.0 mg, 90% vyield, 98% ee [Daicel Chiralpak AD-H (0.46 cm x 25 cm),
n-hexane/2-propanol/Et,NH = 90/10/0.1, v = 0.5 mL-min™, » = 280 nm, t (major) =
9.00 min, t (minor) = 27.67 min]; [¢]o?® = -40.1 (c = 1.0, CHCl3). *H NMR (400 MHz,
CDCI3, minor diastereomer indicated by *) 6 0.70 (t, J = 7.2 Hz, 3H), 1.82-1.96 (m,
2H), 2.05-2.11 (m, 1H), 2.21-2.27 (m, 1H), 2.32 (s, 3H), 2.39 (s, 3H*), 2.49-2.64 (m,
3H), 3.54 (br s, 1H), 4.25 (s, 1H), 4.38 (s, 1H*), 6.40 (dd, J = 4.4, 8.4 Hz, 1H),
6.72-6.78 (m, 2H), 6.83-6.85 (m, 2H), 7.15-7.16 (m, 3H). *C NMR (100 MHz,
CDCls) 5 12.8, 24.4, 37.0, 38.2, 52.5, 56.9, 62.4, 86.7, 110.3 (J = 8.1 Hz), 111.7 (J =
23.4 Hz), 114.0 (J = 23.1 Hz), 126.5, 127.8, 129.0, 135.8 (J = 7.1 Hz), 141.5, 147.0,
157.1 (J = 233.6 Hz). *°F NMR (376 MHz, CDCls) & -125.9. IR (thin film): vima (cm™)
= 3144, 3073, 3027, 2957, 2928, 2863, 1602, 1487, 1450, 1350, 1254, 1186, 1161,
1111, 1023, 931, 899, 875, 797, 744, 699; HRMS (ESI) calcd for CaoH24FN, [M+H]*:
311.1918. Found: 311.1916. mp = 88.6-90.9 °C.
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Determination of the absolute configuration

TFAA, Et;N

A flame-dried flask was charged with 4af (340.8 mg, 0.96 mmol, 94% ee), EtzN
(505.0 mg, 5.0 mmol) and CH,CI, (20 mL), and then cooled to 0 <C. A solution of
TFAA (425.0 mg, 2.02 mmol) in CH,Cl; (5 mL) was added dropwise to this flask.
Then, the reaction mixture was stirred at room temperature. After the reaction was
complete (monitored by TLC), The reaction mixture was quenched by saturated
NaHCO;3; aqueous (15 mL), extracted with Et,O (25 mL x 3). The combined organic
layers were washed with brine, separated, and dried over anhydrous Na,SO,4. The
solvent was evaporated, and the residue was purified by silica gel column
chromatography (PE/EA = 40/1) to afford the desired product 6. White solid, 84%
yield, >99% ee (after recrystallization) [Daicel Chiralpak IC, n-hexane/2-propanol =
100/1, v = 1.0 mL-min™*, A = 254 nm, t (minor) = 10.55 min, t (major) = 11.26 min];
[a]o?* = +49.7 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) 6 2.32 (dd, J = 4.4, 12.0
Hz, 1H), 2.41 (dt, J = 7.6, 12.0 Hz, 1H), 2.47 (ddd, J = 4.8, 8.8, 11.6 Hz, 1H), 3.57 (d,
J =8.4 Hz, 1H), 4.05 (t, J = 8.0 Hz, 1H), 5.14 (d, J = 16.8 Hz, 1H), 5.25 (d, J = 10.0
Hz, 1H), 5.91 (d, J = 1.2 Hz, 1H), 6.24 (ddd, J = 8.8, 10.0, 16.8 Hz, 1H), 6.63 (d, J =
13.6 Hz, 2H), 7.11 (d, J = 7.2 Hz, 1H), 7.19-7.23 (m, 1H), 7.27 (d, J = 13.6 Hz, 2H),
7.32-7.37 (m, 1H), 8.06 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz, CDCl3) & 38.0, 56.5,
61.4, 69.0, 96.2, 115.7 (q, J = 287 Hz), 117.7, 118.6, 121.3, 124.6, 125.9, 129.4, 129.9,
131.4, 132.5, 135.9, 137.8, 142.4, 154.8 (q, J = 38.0 Hz). *°F NMR (376 MHz, CDCls)
§ -70.2. IR (thin film): vmax (cm™) = 2922, 2853, 1699, 1595, 1484, 1462, 1432, 1367,
1281, 1241, 1206, 1146, 1119, 1074, 1020, 928, 871, 823, 770, 725, 692; HRMS (ESI)
calcd for CyHig BrFsNO, [M+H]": 452.0468. Found: 452.0471. mp = 84.4-85.7 °C.
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X-ray analysis of 6: In a round-bottom flask, 6 was dissolved in CH3OH. Then this
solution was placed in refrigerator at -20 °C for one week. Colorless crystal
containing CH3OH molecule was obtained and suitable for X-ray diffraction. A
representative crystal was surveyed on a Bruker APEX diffractometer. All
crystallographic calculations were facilitated by the SHELXL-97 system. (CCDC
1060973 contains the supplementary crystallographic data for 6. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk /data request/cif.)
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Table 1. Crystal data and structure refinement for cd212454.

Identification code cd212454

Empirical formula C21 H17Br F3N 02

Formula weight 452.27

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=9.1964(10) A alpha =90 deg.

b =13.4028(16) A  beta =90 deg.
c=15.6110(17) A gamma = 90 deg.

\Volume 1924.2(4) A"3

Z, Calculated density 4,1.561 Mg/m”3
Absorption coefficient 2.181 mm~-1
F(000) 912

Crystal size 0.212 x 0.143 x 0.101 mm
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Theta range for data collection 2.00 to 25.99 deg.

Limiting indices -11<=h<=11, -14<=k<=16, -18<=I<=19
Reflections collected / unique 11763/ 3776 [R(int) = 0.0602]
Completeness to theta = 25.99 100.0 %

Absorption correction Empirical

Max. and min. transmission 1.00000 and 0.25258
Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 3776 /0/ 253

Goodness-of-fit on F*2 0.946

Final R indices [1>2sigma(l)] R1=0.0419, wR2 = 0.0797

R indices (all data) R1=0.0963, wR2 = 0.0953
Absolute structure parameter 0.000(11)

Largest diff. peak and hole 0.293 and -0.174 e.A™-3
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Compound 4aa’s 'H NMR Spectra
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300.029

Fl:
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Compound 4aa’s *C NMR Spectra
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Chemical Formula: CygH gNO
Exact Mass: 277.1467
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-- DATE: Feb 26 2014

USER:
768 |

2
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PTS1d: 32768

Nuts - $zx-17-68-C400.fid

OF1: 11049.4

NA: 80

PD: 1.0 sec

25000

SWI:

PW: 49 us

[F2: 399722

Fl: 100,521
EX: s2pul
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Compound 4ab’s *H NMR Spectra
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-- DATE: Mar 19 2014

USER:
2768

3

PTS1d: 21676

Nuts - $zx-18-24-1-H400.fid

LB: 0.0

2801.2

OF1:

NA: 8

PD: 1.0 sec

SW1: 7225
PW: 10.4 us

[F2: 100597

n:blank line

EX: s2pul
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Compound 4ab’s **C NMR Spectra
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DAD1 A, Sig=230,16 Rel=360,100

x10 3
36
34
32

3
28
26
24
22

2
18
16
14
12

1
08
06

mAU

04
02
0

Signal :

"

—21.973

N |

Time [min]

DADL A, 5ig=230, 16 Ref=360, 100

~36.339

\

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0

RT [min]

Type

Width [min]

Area

Height

Area%

21.978

BV

0.4225

42917.0703

1557.1534

49.3744

36.339

BB

0.6951

44004.6602

913.3144

50.6256

Sum

86921.7305

DAD1 A, Sig=230,16 Rel=360,100

220

mAU
=
S

120

Signal:

4 6

& 10 12 14 16 18 20 22

[>22.005

Time [min]

DAD1 A, 5ig=230, 16 Ref=360, 100

=-36.445

24 26 28 30 32 34 36 38 40 42 44 46 48 S50

RT [min]

Type

Width [min]

Area

Height

Area%

22.005

BB

0.3022

193.0531

7.5778

2.1985

36.445

BB

0.6119

8588.0537

192.3616

97.8015

Sum

8781.1068
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Compound 4ac’s 'H NMR Spectra
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[F2: 100519

USER: --

768 |
Nuts - $zx17-87-H400-finally. fid

DATE: Mar 12 2014

2

3

PTS1d: 21552

LB: 0.0

2796.3

OF1:

NA: 4

PD: 1.0 sec

SWI1: 7184
PW: 7.8 us

line

:blar

EX: s2pul
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Compound 4ac’s **C NMR Spectra
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Chemical Formula: CyyH,{NO

ExactMass: 291.1623

|
PPM

DATE: Mar 12 2014

USER: --
768 |

2

3

2768

3

PTS 1d:

Nuts - $zx-17-87-C400.fid

OF1: 11048.6

NA: 92

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399722

2 100,521

EX: s2pul

Fl
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Compound 4ad’s *H NMR Spectra
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Chemical Formula: C1gH1gFNO

Exact Mass: 295.1372

.66

J—

1

|

J

[

{

—J

g&_i —_—

S e

5 _ J

e ——

E

@ {
.S

o %‘j
w

S\ ‘

I|II |

. !

8 B

Sy =

w T -

XD, ol
=

& }

gl\\‘a —

=

wZ J

&

o —=——.j

]

—: —

8" :%
-

1

--DATE: Apr 2 2014

USER:

768 |

2

3

PTS1d: 21552

Nuts - $7x-18-39-H400.fid

LB: 0.0

2792.6

OF:

NA: 8

PD: 1.0 sec

SW1: 7184

PW: 4.4 us

[F2: 100519

EX: s2pul
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Compound 4ad’s **C NMR Spectra

0 6e

179795 —
789 ——
1199 ———

189°9) —_

8E9°96

vor 8oL ——
CvLvLL

656 7Ll —
9T 11l ——
6781l —
WLVl —_
055 '8z1 —
161 6T) ——>

G661 —
nco0gl —/_
T
aLcocl /

VAR

0¥ 051

oy 09l ———
98 ol ———

Chemical Formula: C gH 4gFNO

Exact Mass: 295.1372
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-~ DATE: Apr 22014

USER:

768 |

2

3

PTS1d: 32768

MNuts - $zx-18-39-C400.fid

LB:2.0

OFI1: 11048.6

NA: 84

PD: 1.0 sec

25000

SW1:

PW: 4.9 us

[F2: 399.722

2 100,521

EX: s2pul

Fl
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Compound 4ad’s **F NMR Spectra
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\
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N | O
H 4ad

DAD1 A, Sig=230,16 Ref=360,100
1100

1050
1000
950
800
850
800
750
700
650
600
550
500
450
4001
36D
300
250
200
1504
100+
S0

mAU

0

50

0 2 4 6

Signal:

8

10 12 14 16 18 20 22

—24.015

kY

I\

Time [min]

DAD1 A, S51g=230, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

24015 BB

0.4991

23308.0918

706.2087

49.9011

38.707 BB

07776

23400.4629

4456608

50.0989

Sum

46708.5547

DAD1 A, Sig=230,16 Rel=360,100

540
520
500
480
460+
440-
420
4001
380
360
340
az2o0
300
280
260
240
220
200
180
160
140
120
100

mAU

Signal:

10 12 14 16 18 20 22

L
r

>24.009

I

Time [min]

DAD1 A, 51g=230, 16 Ref=360, 100

—=38.566

RT [min] Type

Width [min]

Area

Height

Area%

24.009 BB

0.3472

232.5868

7.9521

2.3623

38.506 BB

0.7299

9613.2305

195.0719

97.6377

Sum

98458172
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Compound 4ae’s 'H NMR Spectra

Chemical Formula: C4gH 1gCINO

Exact Mass: 311.1077
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- DATE: Apr 52014

USER:

768 |

2

3

PTS1d: 21552

Nuts - $zx-18-47-H400.fid

LB: 0.0

2792.8

OF1:

NA: 8

PD: 1.0 sec

SWI1: 7184
PW: 4.4 us

[F2: 100519

EX: s2pul
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Compound 4ae’s **C NMR Spectra
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Chemical Formula: C1gH1gCINO

Exact Mass: 311.1077

PPM

--DATE: Apr 52014

USER:

768 |

2

3

PTS1d: 32768

Nuts - $zx-18-47-C400.fid

OF1:11047.1

NA: 92

PD: 1.0 sec

25000

SW1:

PW: 4.9 us

[F2: 399722

Fl: 100,521
EX: s2pul
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Compound 4af’s *H NMR Spectra
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Compound 4af’s **C NMR Spectra
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Chemical Formula: C4gH gBrNO

Exact Mass: 355.0572

!

—- DATE: Mar 8 2014

USER:

768 |

2

3

PTS1d: 32768

Nuts - $zx-17-88-C400.fid

LB:2.0

OF1:11047.1

NA: 76

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399722

line

Fl: 100,521
EX: s2pul
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Compound 4ag’s 'H NMR Spectra
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DATE: May 52014

USER: --
768 |

2

3

PTS1d: 21552

Nuts - $THF-1-98-H400.fid

LB: 0.0

2796.3

OF1:

NA: 24

PD: 1.0 sec

SWI1: 7184

PW: 4.4 us

[F2: 100519

3

:blank line
99.7.

Fl:

2

3

EX: s2pul
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Compound 4ag’s *C NMR Spectra
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Chemical Formula: C ;0H;{NO,

ExactMass: 307.1572

oot

- DATE: Mar 6 2014

USER:
768 |

2

3

2768

3

PTS1d:

- $7x-17-83-C400.fid

Nuts

LB:2.0

OF1: 11046.3

NA: 80

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399722

2 100,521

Fl

EX: s2pul
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Compound 4ah’s *H NMR Spectra
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--DATE: Apr 2 2014

USER:

768 |

2

3

PTS1d: 21552

Nuts - $zx-18-38 H400.fid

LB: 0.0

27887

OF1:

NA: 8

PD: 1.0 sec

SWIi: 7184

PW: 44 us

[F2: 100519

o

23

Fl

EX: s2pul

S51



Compound 4ah’s **C NMR Spectra
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Chemical Formula: CogH4NO
Exact Mass: 291.1623

ke
¥

--DATE: Apr 2 2014

LUSER:
768 |

2

3

PTS1d: 32768

Nuts - $zx-18-38-C400.fid

OF1: 11047.8

NA: 120

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399722

Fl: 100,521
EX: s2pul
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DAD1 A, Sig=214,16 Rel=360,100

1100
1050
1000
950
900
850
800
750
700
650
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550
500
450
400
350
300
250
200
150
100
50
oL

50

mAU

Signal :

7 8 ]

10

11 12 13 14 15 16

Time [min]

DAD1 A, Sig=214, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

10460

BB

0.1989

4502.0894

35652287

50.1594

11.279

BB

02142

4473.4771

327.7354

49.8406

Sum

8975.5664

mAU

DAD1 A, Sig=214,16 Rel=360,100

3800
3600+
3400
3200-
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800-
600
400
200

0——

Signal:

10.556

=11.339

8

Time [min]

DAD1 A, Sig=214, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

10.556

BB

0.1928

808.2638

66.0229

2.8743

11.339

BV

0.2422

27312.2109

1788.2399

97.1257

Sum

281204747
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Compound 4ai’s *"H NMR Spectra
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Chemical Formula: C47H47;NOS

Exact Mass: 283.1031
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DATE: Mar 19 2014

USER: --
2768 |

3

PTS1d: 21552
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Compound 4aj’s *H NMR Spectra
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Compound 4aj’s **C NMR Spectra
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Compound 4ak’s *H NMR Spectra
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Compound 4ak’s **C NMR Spectra

PIFO0F D-18-61-X2% - SINN 0Tl 8T VN s ('] Add S 6F tMd ndZs TN
_ 8OLTE 89 PISId Fer0TT "Td0 0005C " TAS L 66t ‘mn__ TCE00T T4
FIOT € T ALV — -ddSil LU .
Ndd 0¢ oy 09 08 00l ocl ovl
| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
Y * 7 Np—T " v 7 ﬁ N T ﬁ_ 1*1l__ur._._4 T : 4 o
0lEL'GLZ 'ssEN JoEX]
ON%FHPH O ‘ejnwio4 [eojway)
() ]

- w A o o ~~~ © =] > B R s o

w © S s = o~ ~ ~ @ (S =] & o © o o

- - [{=] [ [=2] o2 W (%] (=] e o= [{=2F-1 [+

[£=] [==] 2] [ 2] [ 3] [==R=TE =~ =~ Mo =~ ==l =]

n %] = %] %] =0 W [{=] =~ =~ = ba €n B =] =~

S61



Me
lllE
N
H 4ak

DAD1 A, Sig=214,16 Rel=360,100

540
520
500
480
460
440
420
400
380
360
340
320
300
280
260
240
2720
200
180
160
140
120
100
80
60
40
20
0
20
0 1

mAU

Signal:

~-B.545

| An A

1

2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

=10 462

Time [min]

DAD1 A, S5ig=214, 16 Ref=360, 100

\

\

RT [min]

Type

Width [min]

Area

Height

Area%

8.545

VB

0.1532

1188.3176

120.3872

49.5048

10.462

BB

0.2032

1212.0892

923072

50.4952

Sum

2400.4069

DAD1 A, Sig=214,16 Rel=360,100

mAU
a
<]
=]

Signal:

2 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

£8.607

——10.689

Time [min]

DAD1 A, Si1g=214, 16 Ref=360, 100

\_~

\-

RT [min]

Type

Width [min]

Area

Height

Area%

8.607

BB

0.1432

159.0965

16.9912

3.2793

10.689

BB

0.2222

4692.3721

316.1453

96.7207

Sum

4851.4686

S62




Compound 4ba’s *H NMR Spectra
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Compound 4ba’s **C NMR Spectra
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Compound 4ca’s 'H NMR Spectra
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Compound 4ca’s **C NMR Spectra
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Compound 4da’s "H NMR Spectra
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Compound 4da’s *C NMR Spectra
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Compound 4ea’s 'H NMR Spectra
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Compound 4ea’s **C NMR Spectra
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Compound 4fa’s *H NMR Spectra
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Compound 4fa’s **C NMR Spectra
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976372

Sum

28714.5192
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Compound 4ga’s 'H NMR Spectra
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Chemical Formula: CagH 1N O

Exact Mass: 291.1623
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== DATE: Jun 29 2014

USER:

768 |

2

3

PTS1d: 21552

Muts - $zx-19-79-H400.fid

LB: 0.0

2796.1

OF1:

NA:

PD: 1.0 sec

SWi:7184

PW: 4.4 us

[F2: 100519

EX: s2pul
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Compound 4ga’s *C NMR Spectra
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Chai kol b ihe bl

DATE: Jun 29 2014

USER: --
768 |

2

3

PTS1d: 32768

- $7x-19-79-C400.fid

Nuts

LB: 2.0

OF1: 11053.2
NA: 296

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399.722

2 100,521

EX: s2pul

Fl
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1100
1050
1000-
950
900
850-
800
750
700
650-
600
S50
500
450
400
350
300
250
200
150
100

mAU

Signal:

DAD1 A, Siy=214,16 Rel=360,100

-7.739

0 1 12
Time [min]

DAD1 A, Sig=214, 16 Ref=360, 100

—13.101

RT [min]

Type

Width [min]

Area

Height

Area%

7.739

BY

0.1658

3622.7561

3441260

497159

13.101

BB

0.3480

3664.1548

162.5724

50.2841

Sum

7286.9109

DAD1 A, Sig=214,16 Ref=360,100

3800
3600
3400
3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000

800

600

400

200

mAU

Signal:

-7.661

OB

Time [min]

DAD1 A, Sig=214, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

7.661

BV

02121

30921.7695

2387.7576

95.5608

13153

BB

03437

1436.4531

63.5545

44392

Sum

32358.2227
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Compound 4ha’s *H NMR Spectra
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Chemical Formula: C55Hs4N -0 5

Exact Mass: 348.1838

M _|P~L_,_.

o

A

DATE: Apr 102014

USER: --

768 |
Nts - $zx-18-49-H400-d-DMSO.fid

2

3

PTS1d: 21677

LB: 0.0

NA: 16

PD: 1.0 sec

SW1: 7225
PW: 10.4 us

Std proton;blank line

Fl: 400.03
EX: s2pul

[F2: 100597
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Compound 4ha’s **C NMR Spectra
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Chemical Formula: CooHo4N-O 5
Exact Mass: 348.1838

DATE: Apr 102014

USER: --

65536 |
Nuts - $zx 18-49-C400=d-DMSO fid

PTS1d: 36765

OF1: 99955
NA: 596

PD: 1.0 sec

24510

SW1:

PW: 10.0 us

[F2: 400.031

EX: s2pul
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N ' 'INCO,Et
H 4ha

024+

=

0.224

44 274

0.2
018
0,16
014
z 012
010
0.087

41.247

0.057

0.02
0.00H

L e e e e I e o o e e o e B e e e e e O AL I R e e e e
000 500 1000 1500 2000 2500 3000 35.00 40.00 4500 5000 5500 £0.00
Minutes

RT Area |, Height %
min) | @vesec) | A8 | vy | Height

14.274 | 5081346 | 50.06 | 235135 | 80.45
2(41.247 | 5069507 | 49.94| 57125| 19.55

—_

0504
045
04c]
035

030

0.20]
0.1
0.104

0.0

0.00 .

[

q T T T I T 1T 1 7 T T T I T 1 7 71 T 0T I T 7 T 7 I T 0T I T 1T I T T T T T I T T T T T
0.00 st0 4000 1500 2000 2500 3000 3800 4000 4500 5000 5500 6000
Minutes

RT Area o Area Height %
(min) | (uV*sec) ’ (uv) | Height

14.374 692763 1.54| 29551 5.76
2(40.949 44379925 | 95.46 (483594 | 9424

—
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Compound 4ia’s *"H NMR Spectra
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Compound 4ia’s *C NMR Spectra
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Chemical Formula: Co4H25N202
Exact Mass: 376.2151

PPM

== DATE: Mar 4 2014

USER:

65536 |

PTS1d: 56818

Nuts - $zx-17-78-¢1.fid

OF1: 16586.0

NA: 1536

PD: 1.0 sec

37879

SW1:

PW: 52 us

[F2: 599778

line
Fl: 150,83
EX: s2pul
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0020/

001

0.000 ‘/\ -

00 | 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Minutes
RT Area |, Height| %
min) | wvrsec) | A8 vy | Heignt
1]122.807 | 2762480 | 50.03|59982 | 69.15
2148973 | 2759411 4997126761 | 30.85
016 ;%
] q

014 N

012

010]

o

o

0.04]

0.02] ©
i w
| :

D.OD—_ -1 =
e e . L

Minutes
RT Area o Height %
min) | wvesee) [ A% wv) | Height
22.664 | 7612679 | 9908165937 | 9048
2|48.676 71059 0.92 859 0.52
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Compound 4ja’s *H NMR Spectra
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Chemical Formula: C54H,gN,O>

Exact Mass: 376.2151

= e I_:}
S

1
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[(=] - B
N J
N h

USER: --

768 |

DATE: Jul 32014

2

3

PTSId: 32768

Muts - $7X-19-78-H-80.fid

LB: 0.0

OF1: 42394
NA: 32

PD: 1.0 sec

SW1: 10776

PW: 5.0 us

[F2: 150829

Fl: 599,783
EX: s2pul
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Compound 4ja’s **C NMR Spectra
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Chemical Formula: Co4H;gN;05
Exact Mass: 376.2151

A

L

PPM

== DATE: Jul 32014

USER:

65536 |

PTS1d: 49242

Nuts - $7X-19-78-C-80.fid

OF1: 16459.0

NA: 1104

PD: 1.0 sec

37879

SWI:

PW: 52 us

[F2: 599781

Fl: 150.831
EX: s2pul
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0101
009
1 [s2]
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b
1 =
0.061 =
004
0.0
D,U['v- l =
000 500 1000 1800 2000 2900 3000 3800 4000 4500 5000 S50
Minutes
RT Area |, Height %
min) | @visec) | * A% vy | Height
1122.306 | 6659938 | 49.97|117663| 67.04
244869 |6668700| 50.03| 57853 | 32.96
0.20]
016
016
014
0.12]
010]
008
0.06]
0.04] -
I~
o
002 o
L o
0.0 AN :
00 50 1000 1500 2000 2500 3000 3900 4000 4500 000 S5O0 600D
Minutes
RT Area o Height %
min) | wvrse) | * A8 wv) |Heignt
1122.273 497125 1.87 9018 429
2143559 ]26125650| 98.131201056] 95.71
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Compound 4ka’s *H NMR Spectra
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Chemical Formula: CgHogN20,S
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- DATE: Jun 19 2014

USER:
768 |

2

3

PTS1d: 2193

Nuts - $zx-19-61-H400.fid

LB: 0.0

2806.1

OF1:

NA: 24

PD: 1.0 sec

SW1: 7310

PW: 10.4 us

[F2: 100597

[

o

Std proton;blank line

Fl: 400.0
EX: s2pul
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Compound 4ka’s **C NMR Spectra
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Chemical Formula: CogH5N>0,S

Exact Mass: 430.1715

feston

== DATE: Jun 19 2014

USER:

65536 |

PTS1d: 36765

- $7x-19-61-C400.fid

Nuts

LB: 2.0

OF1: 11283.8

NA: 260

PD: 1.0 sec

24510

SW1:

PW: 49 us

[F2: 399722

: 100,521

Fl

EX: s2pul
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WXL-2 #914 [modified by GC]

ZX-19-58+- AD-H15+IC 82DEA0.1 230 0.7

Uv_VIS_1

240 |mAU WVL:230 nm
200
150+
mcé 1 - 42 360
1 | 247627
- L]
1 o
1 | L
50-{ | \
| |
1
Al e e cn e ___A\,,,A(J_l I\\‘(‘M/\V\_______ e
o f
] min|
-40 T T T T T T T T T
00 100 200 30.0 400 500 60.0 700 800 907
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 42 .36 na. 90.189 84603 5076 na. BMB*
2 47.63 n.a. 78.491 82.064  49.24 n.a. BM *
Total: 168.680 166.668 100.00 0.000
750_WXL-2 #916 [modified by GC] ZX-19-61 AD-H15+IC 82DEAUD.1 230 0.7 Uv_ VIS 1
JmAU WVL:230 nm
600-|
500
400
2004 ﬁz - 46 260
1 i
] [l
2004 \ "
] I
] [
100+ [
1 [
4 ‘ I‘
] [\
P R B L - _LJ 43 500 -
1 |
_100_ T T ; . ‘ ; i : . . m?n
00 10.0 200 30.0 400 50.0 60.0 684
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 43.60 n.a. 3.065 1.807 0.57 n.a. BM *
2 46.26 n.a. 302.217  317.271 99.43 n.a. M *
Total: 305.283 319.078 100.00 0.000
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Compound 4la’s *"H NMR Spectra
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Compound 4la’s *C NMR Spectra
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0.016-
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000
0.000]
obo | so 0o 1500 woo | 2w00 3000 W a0l =00
Minutes
RT Area |, Height| %
min) | @vrsec) | * A8 (V) |Height
1138.198 | 1013238 | 49.73| 15247 | 56.32
2144.500 (1024309 | 5027 11825| 43.68
080 ¢
07 ]
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0201
] ~
010 3
] @
4 [ar]
I:LOD':—J it poiy
000 1000 " am "wao | aw 0w "eln
Minutes
RT Area o Height %
min) | @vsec) | P2 W) [Heignt
1139.247 704846 0.80| 10965 1.28
2144.185| 87788145 99.20|848839( 98.72
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Compound 4ma’s 'H NMR Spectra
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OPPM

USER:
768 |

== DATE: Jun 15 2014

2

3

PTS1d: 21552

Nuts - $zx-19-55-1-H400.fid

LB: 0.0

2797.9

OF1:
NA: 8

PD: 1.0 sec

SWI1: 7184

PW: 4.4 us

[F2: 100519

EX: s2pul
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Compound 4ma’s *C NMR Spectra
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Chemical Formula: CogH31FN»

Exact Mass: 308.1689

PPM

== DATE: Jun 16 2014

USER:

65536 |

PTS1d: 49242

Nuts - $7X-19-55-C.fid

LB: 2.0

OFI: 16587.7
NA: 960

PD: 1.0 sec

37879

SW1:

PW: 5.2 us

[F2: 599.778

Fl: 150.830
EX: s2pul
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Compound 4ma’s *°F NMR Spectra
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140
120
1.00-]
0.80
0.601
0.40
0.20
0.00 _ >
000 200 400 &bo | 800 1000 1200 1400 1600 1800 2000 2200 2400
Minutes
Channel: W2489 ChA; Processed Channel: W2489 ChA 214nm; Injection: 1; Date Acquired: 6/15/2014
10:45:20 PM CST; Result Id: 1296; Processing Method: 1
Peak Name:
Injection | RT Area % Area | Height
1 1|22.485|47838783 | 49.85|1179045
2 1]17.624 | 48121729 50.15| 1501299
Mean 20.055
Std. Dev. 3438
% RSD 17.14
2.00H
] N
1501
1.00
0.50
w
o
&
1 I~
0.00 — -
000 200 400 800 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Minutes

Channel: W2489 ChA; Processed Channel: W2489 ChA 214nm;
11:11:02 PM CST; Result Id: 1298; Processing Method: 1

Injection: 1; Date Acquired: 6/15/2014

Peak Name:
Injection | RT Area % Area | Height
1 1122.185| 106358335 | 99.58 | 2225673
2 1]17.905 449010 0.42 10887
Mean 20.045
Std. Dev. 3.026
% RSD 15.10
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Compound 4na’s 'H NMR Spectra
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Compound 4na’s **C NMR Spectra
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Chemical Formula: Co4H 25N Oy4
Exact Mass: 391.1784
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DATE: Apr24 2014

USER: -
768 |
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3

PTS1d:

Muts - $zx-18-74-C400.fid

LB:2.0

11053.2

OF1:

NA: 160

PD: 1.0 sec

25000

SW1:
PW: 4.9 us

[F2: 399722

Fl:100.521
EX: s2pul
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Signal: DAD1 A, Sig=214, 16 Ref=360, 100
RT [min] Type |Width [min] Area Height Area%

20.663 BB 0.4270 69243062 242.5693 49.9690

22.887 BV 0.4585 6932.8011 214.2695 50.0310

Sum 138571973
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Signal: DAD1 A, Sig=214, 16 Ref=360, 100
RT [min] Type |Width [min] Area Height Area%
20.657 BV 04441 7656.1157 264.9999 99 5629

23.002 MM R |0.5352 33.6144 1.0467 0.4371

Sum 7689.7302
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Compound 4o0a’s 'H NMR Spectra

0000 —— ——

o o
> 8]
\

£6EE ——— \° <
2G0C ——u 8 |
089 —

G20 2
Covy —~— o N
S

|
0
/

091y —— R
BLEY —

cesy

419.2097

108%
BS0°G
Bgrl’G

BLED
BOY'9

V2r9 \
09,9

689

189
6669
1002
1102 2
2oL —— 8 =S
V€0, N
0v0L
680
Ty
5912
081 L

Exact Mass:

Chemical Formula: C2gH2gNO4

N

- DATE: Apr 16 2014

USER:
768 |

2

3

PTS1d: 21552

Nuts - $zx-18-60-H400.fid

LB: 0.0

2796.3

OF1:

NA:

PD: 2.0 sec

SWIi: 7184

PW: 44 us

[F2: 100519

EX: s2pul
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Compound 40a’s *C NMR Spectra
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Chemical Formula: CagH2gNO4
Exact Mass: 419.2097

DATE: Apr24 2014

USER: --
768 |

2

3

2768

3

PTS1d:

Muts - $zx-18-75-C400.fid

LB:2.0

11052.4

OF1:

NA: 120

PD: 1.0 sec

25000

SWi:

PW: 4.9 us

[F2: 399.722

Fl: 100.521
EX: s2pul

S104



DAD1 A, Sig=230,16 Rel=360,100
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DAD1 A, Sig=230, 16 Ref=360, 100

—=21.73

RT [min]
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Width [min]

Area
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Area%
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82812212
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0.6248

70.0285
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Sum

7355.9147
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Compound 4pa’s 'H NMR Spectra
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Chemical Formula: CogH3aNO 4
ExactMass: 447 .2410
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Compound 4pa’s **C NMR Spectra
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Chemical Formula: C2gH3aNO4

ExactMass: 447.2410

"

Juh ™
L

dL

L

-

|

PPM

DATE: May 7 2014

USER: --
2768 |

3

PTS1d: 32768

Nuts - $THF-2-6-C400a.fid

OFI1: 11050.1
NA: 56

PD: 1.0 sec

25000

SW1:

PW: 49 us

[F2: 399722

line

Fl: 100,521
EX: s2pul
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Signal: DAD1 A, Sig=230, 16 Ref=360, 100
RT [min] Type |Width [min] Area Height Area%

14.316 BB 0.3506 1403.9594 57.3497 50.9972

17.374 BV 04111 1349.0835 46.6965 490028

Sum 2753.0729
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Signal: DAD1 A, Sig=230, 16 Ref=360, 100
RT [min] Type [|Width [min] Area Height Area%

14.236 BB 0.3664 2701.6035 114.4654 98.5628
17.326 MM R |0.5300 39.3942 1.2387 14372

Sum 2740.9978
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Compound 4qa’s 'H NMR Spectra
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Compound 4ga’s **C NMR Spectra
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Chemical Formula: C54H,4,FNO 4
Exact Mass: 409.1689
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--DATE: Apr 3 2014

USER:

768 |
MNuts - $zx-18-35-C400-second.fid

2

3

PTS1d: 32768

OFI1: 11050.1
NA: 292

PD: 1.0 sec

25000

SW1:

PW: 4.9 us

[F2: 399722

Fl: 100,521
EX: s2pul
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Compound 4ga’s *°F NMR Spectra
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DAD1 A, Sig=230,16 Rel=360,100
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i ] 9
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Width [min]
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4695.8584
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0.5952

Sum

4723.9751
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Compound cis-4ra’s *H NMR Spectra
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Chemical Formula: CygH3gN;0y4

Exact Mass: 434.2206
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DATE: Dec 15 2014

USER: --
768 |

2

3

PTS1d: 25000

Nuts - $7X-21-26-H-80du.fid

LB: 0.0

3639.6

OF1:

NA: 12

PD: 3.0 sec

SW1: 9615

PW: 5.0 us

[F2: 150.829

line

blar

Fl: 599,782
EX: s2pul
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Compound cis-4ra’s *C NMR Spectra
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-~ DATE: Dec 15 2014

USER:

65536 |

PTS1d: 37879

Nuts - $7X-21-26-C-80du.fid

OF1: 164753

NA: 520

PD: 1.0 sec

37879

SW1:

PW: 5.2 us

[F2: 599781

line
Fl: 150.831
EX: s2pul
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Compound cis-4ra’s 'H-'H COSY Spectra

LX-21-26-C08Y

Sample Name:
ZX-21-26-C08Y
Data Collected on:
OMC-NMRE00 -vonmrs600
Archive directory:
/home fome /vmmreys/data
Sample directory:
2X-21-26-C08Y 20141218 01
FidFile: gCOS8Y 01

Fulse Bequence: gCOSY
Solvent: dmso
Data collected on: Dec 18 2014

Temp. 80.0 € / 353.1 K
Operator: ome

Relax. delay 1.000 sec
Aeg. time 0.266 sec
Width 5787.0 Hz

2D Width 5787.0 Hz

2 repetitions

128 increments
OBSERVE H1l, 589.7783032 MHz
DATA PROCESSING

8g. sine bell 0.080 sec
Fl DATA PROCESSING

8g. sine bell 0.022 sec
FT size 4096 x 4096
Total time 5 min 11 sec

Plotname: --Not assigned--
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Compound cis-4ra’s 2D-NOESY Spectra

ZX-21-26-NOBESY

Sample Name:
ZX-21-26-NOEBY
Data Collected on:
OMC-NMRE00 -vnumrs&00
Archive directory:
/home /ome /vmrsys/data
Sample directory:
ZX-21-26-NOESY 20141217 01
FidFile: NOESY

Fulse Begquence: NOESY
Solvent: dmso
Data collected on: Dec 17 2014

Temp. 80.0 C / 353.1 K
Operator: omc

Relax. delay 1.000 sec

Aeg. time 0.273 sec

Width 5630.6 Hz

2D Width 5630.6 Hz

8 repetitions

2 x 128 increments
OBSERVE H1, 599.7783032 MH=z
DATA PROCESSING

Line broadening 3.0 Hz
Gauss apodization 0.039 sec
F1l DATA FROCESSING

Line broadening 3.0 Hz
Gauss apodization 0.012 sec
FT size 40%6 x 4056

Total time 1 hr, 4 min
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Compound trans-4ra’s 'H NMR Spectra

Chemical Formula: CogH 3gN 204

Exact Mass: 434.2206
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- DATE: Dec 15 2014

USER:
768 |

2
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PTS 1d: 25000

Nuts - $7X-21-27-H-80duw.fid

LB:2.0
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3

OF1:

NA:

PD:3.0 sec

SW1: 9615

PW: 5.0 us

[F2: 150.829

line

blar

Fl: 599,782
EX: s2pul
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Compound trans-4ra’s **C NMR Spectra
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Chemical Formula: CogH3gN>2O4
Exact Mass: 434.2206
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USER:

65536 |

PTS1d: 37879

Nuts - $7X-21-27-C-80du.fid

OF1: 16474.1

NA: 288

PD: 1.0 sec

37879

SW1:

PW: 5.2 us

[F2: 599781

line

blar

Fl: 150.831
EX: s2pul
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Compound trans-4ra’s *H-'H COSY Spectra

ZX-21-27-COBY

Sample Name:
ZX-21-27-COBY
Data Collected on:
OMC-NMRE00 -vnmra600
Archive directory:
/home /ome /vrimrsys/data
Sample directory:
£X-21-27-COSY 20141218 01
FidFile: gCOSY 01

Fulse Bequence: gCOSY
Solvent: dmso
Data collected on: Dec 18 2014

Temp. 80.0 C / 353.1 K
Operator: omec

Relax. delay 1.000 sec
Aeg. time 0.271 seec
Width 5681.8 Hz

iD Width 5681.8 Hz

2 repetitions

128 increments
OBESERVE Hl, 59%9.7783032 MH=z
DATA PROCESSING

8g. sine bell 0.080 sec
F1l DATA FROCESS2ING

2g. sine bell 0.023 sec
FT size 4096 x 4096
Total time 5 min 12 sec

Plotname: --Not assigned--
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Compound trans-4ra’s 2D-NOESY Spectra

LX-21-27-NOESY

Sample Name:
ZX-21-27-NOESY
Data Collected on:
OMC-NMRE00 -vamra600
Archive directory:
/home fome /vomreys /data
Sample directory:
ZX-21-27-NOESY 20141217 01
FidFile: NOESY 01

Pulse Sequence: NOESY
Solvent: dmso
Data collected on: Dec 17 2014

Temp. 70.0 € / 343.1 K
Operator: omc

Relax. delay 1.000 sec

Acg. time 0.196 sec

Width 7861.6 Hz

iD Width 7861.6 Hz

8 repatitions

2 x 128 increments
OBSERVE H1l, 599.7783032 MH=z
DATA PROCESSING

Line broadening 3.0 Hz
Gauss apodization 0.036 sec
F1l DATA FROCESSING

Line broadening 3.0 Hz
Gausgs apodization 0.012 sec
FT sgize 4096 x 4056
Total time 1 hr

Plotnams: --Not assigned--
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Compound 7’s *H NMR Spectra

00070~

Chemical Formula: C1gH23NO 2
Exact Mass: 297.1729
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PTS1d: 21552

Nuts - $zx-19-46-H400-3.fid
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PD: 1.0 sec

SW1:7184

PW: 44 us

[F2: 100519
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Compound 7’s *C NMR Spectra
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Compound 8’s *H NMR Spectra

0000-—
£89°0

2020 _—>
0220

LgL ————
6961 —
6oLz ——
wZee —
0042

LT k
6207 —
sz —
beye ————
o6ve —
e p ——
oz6c —
LOE Y

\

Lre's
9Cr9 —
Gvy 9
L¥Sa
2959
Ev99
1999
0899
€0L9 ———=
1¢L9
0v. 9
BE8°9
198°9
600°L
650°L
w0l "L
Pl L

//M///

:

Ny

Chemical Formula: C4gH21NO

8 1
= — N
]
& _r_j
— — ==l
A |
8 -
e 7
&
ol =—-_—;
i
L+ o]
Skww _,ifgf
o
o
uw
2 2
(=2} | l
I~
o S
- (=] _,jl
w \"H\ —_—
=4
3 ' |
= |
-
(8]
(0]
=
Ll
5
2
3 — e
l:}‘—1 3
8
e
i T 3
BT
N —

== DATE: Jun 10 2014

USER:
768 |

2

3

PTS1d: 21552

Nuts - $7x-19-32-H400-re.fid

LB: 0.0

2781.9

OF1:

NA: 4

PD: 1.0 sec

SWI1: 7184

PW: 4.4 us

[F2: 100519

EX: s2pul

S124



Compound 8’s *C NMR Spectra
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Injection | RT Area | % Area| Height
1 1| 36.864 | 15085666 | 50.58 | 337880
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Std. Dev. 5.863
% RSD 17.92
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Channel: W2489 ChA; Processed Channel: W2483 ChA 254nm; Injection: 1, Date Acquired: 6/10/2014

8:19:04 AMCST; Result Ild: 1191; Processing Method: 1
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Injection | RT Area % Area | Height
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Compound 9’s *H NMR Spectra
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Compound 9’s °C NMR Spectra
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Compound 9’s *°F NMR Spectra
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No. PeakNo ID. Name R. Time PeakHeight PeakArea PerCent
1 1 Unknown 9. 007 80213.0 1582908. 0 19. 5378
2 2 Unknown 27. 490 30356. 8 1612447. 3 50. 4622
Total 115569. 8 3195355. 3 100. 0000
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Compound 6’s *H NMR Spectra
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Compound 6’s *C NMR Spectra
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Compound 6’s *°F NMR Spectra
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