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1. General Information

Flash chromatography was carried out with Merck silica gel 60 (230-240 mesh). Analytical TLC was
performed with aluminium-backed silica gel sheets 60 F254 (Merck), and the products were visualized
by UV detection. Optical rotation values were measured on a Perkin-Elmer 241 polarimeter.
Microanalyses were performed with a Vario EL element analyser. High resolution mass spectra (HRMS)
were acquired on a ThermoFisher Scientific LTQ-Orbitrap XL. IR spectra (cm™) were taken on a
PerkinElmer Spectrum 100 FT-IR Spectrometer. *H NMR and *C NMR spectra were recorded at
ambient temperature on Inova 400 or Agilent VNMRS 600 spectrometers. Chemical shifts (6) are given
in ppm relative to solvent residual peak (CDCls, 6= 7.26 ppm) as external standard. Analytical HPLC
was performed on a Hewlett-Packard 1100 Series instrument using chiral stationary phases [Daicel IC,
Daicel AD, Daicel 1A, Merck (s,s)-Whelk 01]. Abbreviations are as follows: s (singlet), d (doublet), t
(triplet), g (quartet), m (multiplet), bs (broad singlet).

2. Materials

N-Boc-oxindoles 1a-f were synthesized according to the known procedures.!*! Nitrodiene 2 was prepared
according to the literature.[?! Chloroform (analytical grade) was bought from Fisher. Other solvents were
dried and distilled prior to use. All other chemicals were used as purchased from commercial suppliers
without further purification.

The racemic samples of 4a, 4b, 4d, 4e, 4f, 49, 4h, 4i and 4j were prepared using pyrrolidine as catalyst.
The racemic samples of 4c, 4k, 41, 4m, were prepared using a mixture of (R+S)-catalyst A. The racemic
sample of 6 was prepared according to the literature.!



Procedure for the synthesis of compound 6: To a 25 mL round bottom flask, equipped with a stirring bar,
was added compound 4a (112 mg, 0.17 mmol), trifluoroacetic acid (0.8 ml) and DCM (8 mL). After
stirring for 15 h, a saturated aqueous NaHCOs3 solution (20 mL) solution was added. The mixture was
extracted with DCM (3 x 50 mL) and washed with brine. The combined organic layers were dried over
Na>SOs, filtered and concentrated under reduced pressure. Purification was performed by column
chromatography on silica gel (pentane/ethyl acetate = 3:1 as eluent) to provide the desired product 6 as a
colorless solid in 94% yield and with 95% ee (89 mg, 0.16 mmol).

3. General Procedure

General procedure for the organocatalytic domino reaction (described for 4a as a typical example):

a) Method A: A 10 mL glass vial equipped with a magnetic stirring bar was charged with 1a (154.6 mg,
0.5 mmol), 2 (86 mg, 0.5 mmol), 3a (66 mg, 0.5 mmol) and catalyst A (81.5 mg, 0.25 mmol). After
adding CHCIz (4 mL), the reaction tube was purged using an argon flow for 1 min, then covered with a
teflon-coated screw cap. The reaction mixture was stirred at room temperature for 22 h. After addition of
wittig reagent 5 (250 mg, 0.75 mmol) and purging using an argon flow for 1 min, the mixture was stirred
for another 5 h. The resulting solution was then directly applied to flash chromatography (at first
pentane/ethyl acetate = 10:1, then pentane/ethyl acetate = 5:1 as eluent) to get the desired product 4a as
a yellow solid (180 mg, 54% yield, 15:1 dr, 98% ee).

b) Method B: A 10 mL glass vial equipped with a magnetic stirring bar was charged with 1a (51.5 mg,
0.17 mmol), 2 (28.7 mg, 0.17 mmol), 3a (22 mg, 0.17 mmol) and catalyst A (81.5 mg, 0.25 mmol)
(starting materials 1a, 2 and 3a were divided into three portions). The reaction tube was purged using an
argon flow for 1 min, then covered with a teflon-coated screw cap after adding CHCIz (4 mL). After
stirring at room temperature for 3 h, the second portion of 1la (51.5 mg, 0.17 mmol), 2 (28.7 mg,
0.17 mmol) and 3a (22 mg, 0.17 mmol) was added in the reaction tube. After purging using an argon
flow for 1 min, the mixture was stirred for another 3 h. After that, the third portion of 1a (51.5 mg,
0.17 mmol), 2 (28.7 mg, 0.17 mmol) and 3a (22 mg, 0.17 mmol) was added into the reaction mixture,
which was stirred for another 16 h after purging using an argon flow for 1 min. Then the first portion of
Wittig reagent 5 (83.5 mg, 0.25 mmol) was added into the reaction tube. The mixture was stirred for 3 h
after purging using an argon flow for 1 min. After that, the second portion of Wittig reagent 5 (83.5 mg,
0.25 mmol) was added into the reaction mixture. The mixture was stirred for another 3 h after purging
using an argon flow for 1 min. The resulting solution was then directly applied to flash chromatography
(at first pentane/ethyl acetate = 10:1, then pentane/ethyl acetate = 5:1 as eluent) to get product 4a as a
yellow solid (209 mg, 63% yield, 15:1 dr, 99% ee).



For both cases, the major diastereoisomer could be isolated as a colorless solid by using a preparative
TLC plate (hexane/isopropanol = 15:1 as eluent).

4. Analytical data of the products

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-phenylcyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (4a)
O.__OMe

Boc

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 63%, m.p. 74-76 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IC, n-heptane:EtOH = 97:3, 0.7 mL/min, tr = 20.66 min (major), 15.39 min
(minon)]. [a]o??= -77.9 (c = 0.66, CHCl5).

'H NMR (600 MHz, CDCls): & = 8.04 (d, J = 8.2 Hz, 1H), 7.52-7.50 (m, 1H), 7.38-7.36 (m, 4H),
7.33-7.28 (m, 3H), 7.24-7.20 (m, 3H), 7.00 (d, J = 6.7 Hz, 2H), 6.30 (dd, J = 15.5 Hz, 9.5 Hz, 1H), 5.75
(d, J = 15.6 Hz, 1H), 4.86 (d, J = 6.4 Hz, 1H), 4.05-4.01 (m, 3H), 3.58 (s, 3H), 3.47-3.41 (m, 1H),
3.30-3.26 (m, 1H), 2.52 (d, J = 14.0 Hz, 1H), 2.32-2.27 (m, 2H), 1.61 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H);
13C NMR (150 MHz, CDCls): 6= 174.9, 171.0, 165.9, 148.6, 146.5, 140.6, 136.6, 133.2, 130.0, 129.2,
128.8, 128.6, 128.3, 127.7, 127.5, 124.9, 124.6, 124.1, 116.0, 94.8, 85.0, 60.6, 58.3, 55.0, 54.8, 51.4,
50.4, 42.1, 37.6, 29.7, 28.0, 14.0. IR: 2970, 1736, 1553, 1457, 1365, 1218, 1150, 987, 905, 845, 736.
HRMS (ESI): calcd for CagHaoN209Na: 691.2632; found: 691.2631. Anal. Calcd for CzsHaoN20g: C,
68.25; H, 6.03; N, 4.19; Found: C, 67.95; H, 6.04; N, 4.16.



(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-phenylcyclopentyl}-5-methyl-2-oxo-3-phenylindoline-1-carboxylate (4b)
Os_OMe

Boc

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 63%, m.p. 80-82 °C. The ee (98%) was measured by HPLC using a chiral
stationary phase [Daicel AD, n-heptane:isopropanol = 97:3, 0.3 mL/min, tr = 45.76 min (major), 59.97
min (minor)]. [o]o??= -77.5 (c = 1.06, CHCl5).

'H NMR (600 MHz, CDCl3): 6=7.91 (d, J = 8.4 Hz, 1H), 7.36 (d, J = 7.6 Hz, 2H), 7.33-7.28 (m, 4H),
7.24-7.20 (m, 3H), 7.18 (s, 1H), 6.97 (d, J = 6.8 Hz, 2H), 6.29 (dd, J = 15.5 Hz, 9.6 Hz, 1H), 5.75 (d, J =
15.6 Hz, 1H), 4.87 (d, J = 6.5 Hz, 1H), 4.04-4.00 (m, 3H), 3.58 (s, 3H), 3.46-3.40 (m, 1H), 3.25-3.22 (m,
1H), 2.54 (d, J = 15.5 Hz, 1H), 2.49 (s, 3H), 2.33 (br, 1H), 2.24 (br, 1H), 1.60 (s, 9H), 1.21 (t, J = 7.2 Hz,
3H); *C NMR (150 MHz, CDCls): § = 175.0, 171.0, 166.0, 148.7, 146.6, 138.3, 136.8, 134.6, 133.2,
130.5, 129.2, 128.8, 128.5, 128.3, 127.7, 127.6, 125.2, 124.1, 115.7, 94.8, 84.8, 60.6, 58.4, 55.1, 54.6,
51.4,50.4,42.0, 37.7, 29.7, 28.0, 21.5, 14.0. IR: 2939, 1731, 1550, 1470, 1344, 1245, 1155, 1030, 845,
747. HRMS (ESI) calcd for C3gH42N20gNa: 705.2788; found: 705.2765.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-phenylcyclopentyl}-5-methoxy-2-oxo-3-phenylindoline-1-carboxylate (4c)
O.__OMe

MeO

Boc

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 72%, m.p. 83-85 °C. The ee (97%) was measured by HPLC using a chiral
stationary phase [Daicel IA, n-heptane:isopropanol = 95:5, 0.7 mL/min, tr = 24.37 min (major), 38.75
min (minor)]. [a]p?= -58.7 (¢ = 2.07, CHCls).

'H NMR (600 MHz, CDCl3): 6=7.97 (d, J = 9.0 Hz, 1H), 7.36 (d, J = 7.4 Hz, 2H), 7.32-7.28 (m, 3H),
7.24-7.20 (m, 3H), 7.03-7.00 (m, 3H), 6.91 (d, J = 2.6 Hz, 1H), 6.32 (dd, J = 15.5 Hz, 9.5 Hz, 1H), 5.77
(d, J = 15.6 Hz, 1H), 4.86 (d, J = 6.3 Hz, 1H), 4.05-4.00 (m, 3H), 3.90 (s, 3H), 3.58 (s, 3H), 3.47-3.41
(m, 1H), 3.32-3.28 (m, 1H), 2.54 (d, J = 15.7 Hz, 1H), 2.34 (br, 1H), 2.25 (br, 1H), 1.60 (s, 9H), 1.21 (t,
J = 7.1 Hz, 3H); ¥C NMR (150 MHz, CDCls): & = 174.9, 171.0, 166.0, 157.1, 148.7, 146.6, 136.7,
133.9, 133.2, 129.2, 128.8, 128.6, 128.3, 127.7, 127.5, 124.2, 116.8, 113.9, 111.6, 94.8, 84.8, 60.6, 58.6,



55.8, 55.0, 54.7, 51.5, 50.5, 42.0, 37.7, 29.7, 28.0, 14.0. IR: 2940, 1732, 1554, 1479, 1360, 1237, 1155,
1031, 839, 702. HRMS (ESI) calcd for C3gH42N2010Na: 721.2737; found: 721.2703.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-phenylcyclopentyl}-2-oxo-3-biphenylindoline-1-carboxylate (4d)
O.__OMe

The compound was prepared according to the general procedure (method A). The product was obtained
as a colorless solid, yield 57%, m.p. 90-92 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Merck (s,s)-Whelk 01, n-heptane:EtOH = 7:3, 0.7 mL/min, tr = 14.13 min (major),
18.75 min (minor)]. [a]o?= -70.8 (c = 1.12, CHCls).

'H NMR (600 MHz, CDCl3): 6= 8.07 (d, J = 8.2 Hz, 1H), 7.54-7.50 (m, 5H ), 7.42-7.39 (m, 6H), 7.32
(m, J = 7.3 Hz, 1H), 7.25-7.21 (m, 3H), 7.01 (d, J = 6.8 Hz, 2H), 6.32-6.28 (m, 1H), 5.76 (d, J = 15.6 Hz,
1H), 4.93 (d, J = 6.0 Hz, 1H), 4.08 (dd, J = 8.4 Hz, 2.5 Hz, 1H), 4.05-4.01 (m, 2H), 3.58 (s, 3H),
3.48-3.43 (m, 1H), 3.31-3.28 (m, 1H), 2.58 (d, J = 14.5 Hz, 1H), 2.38-2.34 (m, 1H), 2.27 (bs, 1H), 1.62
(s, 9H), 1.22 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): &= 174.9, 171.0, 165.9, 148.6, 146.5,
141.5, 140.7, 139.9, 135.6, 133.2, 130.1, 128.8 (2C), 128.3, 128.0, 127.8, 127.7, 127.6, 127.4, 125.0,
124.6, 124.1, 116.0, 94.9, 85.0, 60.6, 58.2, 55.0, 54.7, 51.5, 50.4, 42.1, 37.8, 29.7, 28.0, 14.0. IR: 2933,
1730, 1553, 1464, 1347, 1233, 1152, 1028, 841, 749, 699. HRMS (ESI) calcd for CasHssN20OgNa:
767.2945; found: 767.2895.

(R)-tert-Butyl-3-benzyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-
oxoprop-1-en-1-yl]-5-nitro-4-phenylcyclopentyl}-2-oxoindoline-1-carboxylate (4e)
O.__OMe

Boc

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 30%, m.p. 65-67 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IA, n-heptane:EtOH = 7:3, 0.7 mL/min, tr = 12.29 min (major), 9.34 min
(minor)]. [a]o??= —17.6 (¢ = 0.46, CHClI5).

'H NMR (600 MHz, CDCls): 6=7.48 (d, J = 8.1 Hz, 1H), 7.27 (d, J = 8.1 Hz, 2H), 7.24-7.21 (m, 2H),
7.17 (t, J=7.2 Hz, 1H), 7.03-6.97 (m, 5H), 6.73 (g, J = 7.8 Hz, 3H), 5.64 (d, J = 15.8 Hz, 1H), 4.43 (t, J
= 7.9 Hz, 1H), 4.20-4.08 (m, 2H), 3.64-3.58 (m, 5H), 3.45 (d, J = 12.8 Hz, 2H), 3.39 (dd, J = 7.1 Hz, 3.0



Hz, 1H), 3.35-3.30 (m, 1H), 3.02 (d, J = 12.8 Hz, 1H), 2.77-2.74 (m, 1H), 2.63-2.60 (m, 1H), 1.55 (s,
9H), 1.28 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): 5= 176.4, 171.7, 165.9, 148.0, 143.8, 139.8,
136.0, 133.9, 129.7, 129.4, 129.2, 128.3, 127.7, 127.0, 126.9, 124.7, 124.6, 123.3, 115.2, 96.0, 84.5, 61.0,
56.6, 55.5, 54.4, 51.5, 48.1, 42.9, 39.7, 37.7, 29.7, 28.0, 14.1. IR: 2931, 1674, 1450, 1291, 1221, 1145,
974, 851, 753, 693. HRMS (ESI) calcd for CasHaaN209Na: 705.2788; found: 705.2754.

(R)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-phenylcyclopentyl}-3-methyl-2-oxoindoline-1-carboxylate (4f)
O.__OMe

The compound was prepared according to the general procedure (method A). The product was obtained
as a colorless solid, yield 44%, m.p. 57-59 °C. The ee (91%) was measured by HPLC using a chiral
stationary phase [Daicel IA, n-heptane:isopropanol = 95:5, 0.7 mL/min, tr = 22.17 min (major), 27.99
min (minor)]. [a]o??= -5.8 (c = 0.87, CHCl5).

'H NMR (600 MHz, CDCls): & = 7.83 (d, J = 8.2 Hz, 1H), 7.35-7.33 (m, 1H), 7.27-7.23 (m, 3H),
7.17-7.16 (m, 2H), 7.00 (d, J = 6.8 Hz, 2H), 6.67 (dd, J = 15.8 Hz, 7.2 Hz, 1H), 5.57 (d, J = 15.6 Hz,
1H), 4.43-4.40 (m, 1H), 4.17-4.10 (m, 2H), 3.60 (s, 3H), 3.58-3.55 (m, 1H), 3.17-3.14 (m, 3H), 2.67 (dd,
J =15.3 Hz, 6.6 Hz, 1H), 2.53 (dd, J = 15.4 Hz, 6.9 Hz, 1H), 1.67 (s, 9H), 1.51 (s, 3H), 1.27 (t, J = 7.2
Hz, 3H); 3C NMR (150 MHz, CDCls): §=177.4, 171.6, 165.8, 148.7, 143.7, 139.0, 136.1, 129.7, 129.3,
129.2,128.3, 126.9, 125.1, 124.5, 122.8, 115.4, 95.5, 85.0, 60.9, 56.3, 54.3, 51.5, 49.7, 48.1, 39.5, 37.5,
30.9, 28.1, 22.5, 14.1. IR: 2976, 1729, 1553, 1478, 1240, 1153, 1031, 838, 748. HRMS (ESI) calcd for
Cs3H3sN20gNa: 629.2475; found: 629.2448.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-4-(4-methoxyphenyl)-5-nitrocyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (49)
Os_OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 61%, m.p. 90-92 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IC, n-heptane:isopropanol = 7:3, 0.5 mL/min, tr = 12.51 min (major), 9.36 min
(minor)]. [a]o?*= —66.9 (¢ = 0.48, CHClIs).



'H NMR (600 MHz, CDCl3): §=8.03 (d, J = 8.2 Hz, 1H), 7.50 (p, J = 4.6 Hz, 1H), 7.37-7.35 (m, 4H),
7.32-7.28 (m, 3H), 6.91 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 6.30-6.26 (m, 1H), 5.73 (d, J =
15.6 Hz, 2H), 4.82 (d, J = 6.4 Hz, 1H), 4.04-4.00 (m, 3H), 3.72 (s, 3H), 3.58 (s, 3H), 3.40-3.34 (m, 1H),
3.24-3.21 (m, 1H), 2.51 (d, J = 14.6 Hz, 1H), 2.30-2.24 (br, 1H), 1.61 (s, 9H), 1.21 (t, J = 7.2 Hz, 3H);
13C NMR (150 MHz, CDCls): 6= 175.0, 171.0, 165.9, 159.4, 148.6, 146.7, 140.5, 136.7, 130.0, 129.2,
128.8, 128.6, 127.5, 125.1, 125.0, 124.5, 124.0, 116.0, 114.2, 94.8, 85.0, 60.6, 58.3, 55.1, 54.8, 54.4,
51.4,50.7, 42.0, 37.7, 29.7, 28.0, 14.0. IR: 2927, 1728, 1553, 1462, 1248, 1154, 1031, 843, 752. HRMS
(ESI) calcd for CagH42N2010Na: 721.2737; found: 721.2678.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-4-(4-chlorophenyl)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy
-3-oxoprop-1-en-1-yl]-5-nitrocyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (4h)
Os_OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 65%, m.p. 89-91 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IC, n-heptane:EtOH = 97:3, 0.7 mL/min, tr = 17.41 min (major), 15.52 min
(minon)]. [o]o??= —62.3 (c = 1.43, CHCly).

'H NMR (600 MHz, CDCls): § = 8.02 (d, J = 8.2 Hz, 1H), 7.52-7.49 (m, 1H), 7.38-7.36 (m, 4H),
7.33-7.29 (m, 3H), 7.20 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.5 Hz, 2H), 6.31-6.27 (m, 1H), 5.74 (d, J =
15.6 Hz, 1H), 4.82 (d, J = 6.3 Hz, 1H), 4.05-4.01 (m, 3H), 3.59 (s, 3H), 3.42-3.36 (M, 1H), 3.26-3.23 (m,
1H), 2.47 (d, J = 14.1 Hz, 1H), 2.26 (bs, 2H), 1.61 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H); *C NMR (150
MHz, CDCls): 6 = 174.9, 170.9, 165.8, 148.6, 146.1, 140.5, 136.4, 134.3, 131.8, 130.0, 129.2, 129.1,
129.0, 128.7, 127.5, 125.0, 124.4, 124.3, 116.0, 94.6, 85.1, 60.6, 58.2, 54.7, 54.2, 51.5, 50.5, 42.0, 37.4,
29.7, 28.0, 14.0. IR: 2941, 1729, 1554, 1467, 1346, 1285, 1247, 1150, 1094, 1019, 845, 757, 724.
HRMS (ESI) calcd for C3sH3sCIN2OgNa: 725.2242; found: 725.2222.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-(4-nitrophenyl)cyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (4i)
Os_OMe

The compound was prepared according to the general procedure (method A). The product was obtained
as a yellow solid, yield 61%, m.p. 93-95 °C. The ee (99%) was measured by HPLC using a chiral



stationary phase [Daicel IA, n-heptane:EtOH = 7:3, 0.7 mL/min, tr = 9.45 min (major), 15.28 min
(minon)]. [0]o??= -53.0 (c = 0.74, CHCly).

'H NMR (600 MHz, CDCls): 5=8.09 (d, J = 8.7 Hz, 2H), 8.01 (d, J = 8.7 Hz, 1H ), 7.52-7.49 (m, 1H),
7.40-7.36 (m, 4H), 7.34-7.30 (m, 3H), 7.19 (d, J = 8.7 Hz, 2H), 6.34-6.30 (m, 1H), 5.78 (d, J = 15.6 Hz,
1H), 4.84 (d, J = 5.7 Hz, 1H), 4.09-4.03 (m, 3H), 3.59 (s, 3H), 3.51-3.45 (m, 1H), 3.41-3.38 (m, 1H),
2.43 (d, J = 14.8 Hz, 2H), 2.20 (bs, 1H), 1.62 (s, 9H), 1.23 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz,
CDClz): 6 =175.0, 170.8, 165.7, 148.5, 147.8, 145.5, 140.7, 140.3, 136.2, 130.1, 129.3, 128.9, 128.8,
127.4, 125.0, 124.7, 124.3, 123.9, 116.1, 94.4, 85.2, 60.7, 58.1, 54.5, 54.1, 51.6, 50.3, 42.1, 37.0, 29.7,
28.0, 14.0. IR: 2940, 2322, 2077, 1729, 1535, 1464, 1345, 1243, 1152, 1027, 854, 748. HRMS (ESI)
calcd for CsgHzgN3O11Na: 736.2482; found: 736.2452.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-
yl]-5-nitro-4-(2-nitrophenyl)cyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (4j)
O.__OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a yellow solid, yield 61%, m.p. 89-91 °C. The ee (97%) was measured by HPLC using a chiral
stationary phase [Daicel IA, n-heptane:EtOH = 9:1, 1.0 mL/min, tr = 10.51 min (major), 9.34 min
(minor)]. [o]o?= -207.3 (c = 1.25, CHCIs).

'H NMR (600 MHz, CDCls): 6=8.02 (d, J = 8.2 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 7.4 Hz,
1H), 7.53-7.48 (m, 2H), 7.43-7.38 (m, 4H), 7.32-7.27 (m, 3H), 7.14 (d, J = 7.6 Hz, 1H), 6.27-6.23 (m,
1H), 5.78 (d, J = 15.6 Hz, 1H), 5.31 (br, 1H), 4.18 (dd, J = 8.7 Hz, 2.4 Hz, 1H), 4.08-3.99 (m, 2H), 3.86
(dd, J =12.5 Hz, 7.9 Hz, 1H), 3.58 (s, 3H), 3.55-3.50 (m, 1H), 2.54 (d, J = 12.5 Hz, 1H), 2.34-2.22 (m,
2H), 1.62 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): 6= 175.1, 170.8, 165.6, 149.5,
148.6, 145.4, 140.3, 136.7, 133.9, 129.9, 129.3, 129.2, 128.8, 128.6, 127.5, 125.6, 125.3, 124.9 (2C),
115.8, 93.4, 84.9, 60.7, 58.0, 54.8, 51.6, 50.4, 49.8, 41.7, 36.9, 29.6, 28.0, 14.0. IR: 2980, 1730, 1535,
1464, 1344, 1285, 1152, 1025, 848, 732. HRMS (ESI) calcd for CzsHzgN3O11Na: 736.2482; found:
736.2487.

(S)-tert-Butyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-4-(furan-2-yl)-3-[(E)-3-methoxy-3-
oxoprop-1-en-1-yl]-5-nitrocyclopentyl}-2-oxo-3-phenylindoline-1-carboxylate (4k)



O+_OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a pink solid, yield 47%, m.p. 75-77 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IC, n-heptane:isopropanol = 9:1, 0.7 mL/min, tr = 15.62 min (major), 11.26
min (minor)]. [oa]o??>= -70.5 (c = 0.29, CHCl5).

'H NMR (600 MHz, CDCls): § = 8.02 (d, J = 8.2 Hz, 1H), 7.51-7.48 (m, 1H), 7.37-7.35 (m, 4H),
7.32-7.30 (m, 3H), 7.24 (d, J = 1.6 Hz, 1H), 6.34-6.30 (m, 1H), 6.21-6.20 (m, 1H), 6.01 (d, J = 3.2 Hz,
1H), 5.75 (d, J = 15.6 Hz, 1H), 4.91 (d, J = 6.7 Hz, 1H), 4.03-4.00 (m, 3H), 3.62 (s, 3H), 3.41-3.37 (m,
1H), 3.28-3.23 (m, 1H), 2.47 (br, 1H), 2.26 (br, 2H), 1.61 (s, 9H), 1.20 (t, J = 7.2 Hz, 3H); 3C NMR
(150 MHz, CDClIs): ¢ = 174.9, 170.9, 165.9, 148.6, 147.9, 146.1, 142.7, 136.5, 130.0, 129.2, 128.6,
127.5, 125.0, 124.5, 124.2, 116.0, 110.5, 108.4, 92.6, 85.0, 60.6, 58.2, 54.9, 51.5, 50.8, 48.9, 41.9, 37.7,
29.7, 28.1, 28.0, 14.0. IR: 2926, 1730, 1555, 1464, 1247, 1151, 1019, 843, 740. HRMS (ESI) calcd for
CssH3sN2010Na: 681.2424; found: 681.2385.

(R)-tert-Butyl-3-benzyl-3-{(1S, 2S, 3S, 4S, 5R)-2-(2-ethoxy-2-oxoethyl)-3-[(E)-3-methoxy-3-
oxoprop-1-en-1-yl]-4-(4-methoxyphenyl)-5-nitrocyclopentyl}-2-oxolindoline-1-carboxylate (4l)
Os_OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a colorless solid, yield 47%, m.p. 71-73 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel 1A, n-heptane:isopropanol = 9:1, 1.0 mL/min, tr = 28.10 min (major), 10.69
min (minor)]. [oa]o??= —29.2 (c = 0.42, CHCl5).



'H NMR (600 MHz, CDCls): §= 7.47 (d, J = 8.1 Hz, 1H), 7.27 (d, J = 7.1 Hz, 1H), 7.24-7.21 (m, 1H),
7.17 (t, J=7.5Hz, 1H), 7.03 (t, J = 7.3 Hz, 1H), 6.98 (t, J = 7.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 6.78
(d, J = 8.7 Hz, 2H), 6.73 (dd, J = 7.7 Hz, 2.4Hz, 2H), 5.63 (d, J = 15.8 Hz, 1H), 4.39 (t, J = 8.4 Hz, 1H),
4.18-4.10 (m, 2H), 3.74 (s, 3H), 3.63 (s, 3H), 3.60-3.54 (m, 2H), 3.44 (d, J = 12.8 Hz, 2H), 3.37 (dd, J =
7.2 Hz, 3.0 Hz, 1H), 3.29-3.24 (m, 1H), 3.01 (d, J = 12.8 Hz, 1H), 2.76-2.72 (m, 1H), 2.62-2.58 (m, 1H),
1.55 (s, 9H), 1.27 (t, J = 7.2 Hz, 3H); ©*C NMR (150 MHz, CDCl3): & = 176.4, 171.7, 165.9, 159.4,
148.0, 143.9, 139.8, 133.9, 129.7, 129.3, 128.0, 127.9, 127.4, 127.0, 126.9, 124.6, 123.3, 115.2, 114.6,
96.2, 84.5, 60.9, 56.6, 55.4, 55.2, 53.8, 51.5, 48.1, 42.9, 39.6, 37.8, 29.7, 28.0, 14.1. IR: 2976, 1729,
1551, 1463, 1354, 1247, 1153, 1025, 837, 752, 702. HRMS (ESI) calcd for CsoHasN2010Na: 735.2894;
found: 735.2853.

(R)-tert-Butyl-3-benzyl-3-{(1S, 2S, 3S, 4S, 5R)-4-(4-dimethylaminophenyl)-2-(2-ethoxy-2-
oxoethyl)-3-[(E)-3-methoxy-3-oxoprop-1-en-1-yl]-5-nitrocyclopentyl}-2-oxolindoline-1-
carboxylate (4m)

O~__OMe

The compound was prepared according to the general procedure (method B). The product was obtained
as a yellow solid, yield 63%, m.p. 70-72 °C. The ee (99%) was measured by HPLC using a chiral
stationary phase [Daicel IA, n-heptane:isopropanol = 95:5, 0.7 mL/min, tr = 49.06 min (major), 23.21
min (minor)]. [a]o?*= -58.9 (c = 0.28, CHCls).

'H NMR (600 MHz, CDCl3): §=7.48 (d, J=8.1 Hz, 1H), 7.28 (d, J = 7.2 Hz, 1H), 7.22 (td, J = 7.7 Hz,
1.2 Hz, 1H), 7.17 (td, J = 7.5 Hz, 0.9 Hz, 1H), 7.04-7.01 (m, 1H), 6.99-6.96 (m, 2H), 6.87 (d, J = 8.7 Hz,
2H), 6.73-6.71 (m, 2H), 6.59 (d, J = 8.0 Hz, 2H), 5.65 (d, J = 15.8 Hz, 1H), 4.41 (brs, 1H), 4.18-4.08 (m,
2H), 3.62 (s, 3H), 3.59-3.51 (m, 2H), 3.42 (d, J = 12.8 Hz, 1H), 3.35 (dd, J = 7.1 Hz, 2.3 Hz, 2H),
3.26-3.21 (m, 1H), 3.01 (d, J = 12.9 Hz, 1H), 2.89 (s, 6H), 2.75-2.71 (m, 1H), 2.59 (dd, J = 15.4 Hz, 7.2
Hz, 1H), 1.55 (s, 9H), 1.27 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): §= 175.1, 170.8, 165.6,
150.2, 149.5, 148.6, 145.4, 140.3, 136.7, 133.9, 129.9, 129.3, 129.2, 128.8, 128.6, 127.5, 125.6, 125.3,
124.9, 115.8, 93.4, 84.9, 60.7, 58.0, 54.8, 51.6, 50.4, 49.8, 41.7, 36.9, 30.9, 29.7, 28.0, 14.0. IR: 2927,
1731, 1550, 1469, 1352, 1246, 1154, 1032, 831, 749. HRMS (ESI) calcd for Cs1H47N3OgNa: 748.3210;
found: 748.3173.

3-{(1S,2S,3S,4R,5S)-2-(2-Ethoxy-2-oxoethyl)-4-nitro-3-[(S)-2-ox0-3-phenylindolin-3-yl]-5-phenylcy
-clopentyl}acrylate (6)

10



O+~_OMe

The product was obtained as a colorless solid, yield 94%, m.p. 103-105 °C. The ee (95%) was measured
by HPLC using a chiral stationary phase [Daicel IC, n-heptane:EtOH = 9:1, 0.7 mL/min, tr = 22.02 min
(major), 11.94 min (minor)]. [a]o??= -60.3 (c = 1.29, CHCls).

'H NMR (600 MHz, CDCls): 5= 8.49 (bs, 1H), 7.46 (d, J = 7.6 Hz, 2H), 7.40-7.37 (m, 2H), 7.31 (t, J =
7.1 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 7.24-7.19 (m, 4H), 7.04-7.01 (m, 3H), 6.40-6.36 (m, 1H), 5.78 (d,
J =156 Hz s, 1H), 4.87 (d, J = 7.3 Hz, 1H), 4.06-4.02 (m, 3H), 3.58 (s, 3H), 3.53-3.48 (m, 1H),
3.38-3.34 (m, 1H), 2.54 (d, J = 13.5 Hz, 1H), 2.37-2.32 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H); 3C NMR (150
MHz, CDCl3): 6 = 178.0, 171.4, 166.0, 146.9, 141.2, 136.8, 133.3, 129.7, 129.3, 129.1, 128.8, 128.4,
128.3, 127.8, 127.4, 125.2, 124.0, 123.2, 111.1, 94.8, 60.7, 58.2, 54.9, 54.3, 51.5, 50.2, 42.1, 37.6, 29.7,
14.0. IR: 3287, 2935, 1716, 1552, 1469, 1217, 1029, 854, 747, 696. HRMS (ESI) calcd for
Cs1H47N309Na: 591.2107; found: 591.2064.

5. References

[1] M.-X. Zhao, Z.-W. Zhang, M.-X. Chen, W.-H. Tang, M. Shi, Eur. J. Org. Chem. 2001, 3001-3008.
[2] S. Belot, A. Quintard, N. Krause, A. Alexakis, Adv. Synth. Catal. 2010, 352, 667-695.
[3] Q. Zhu, Y. Lu, Angew. Chem. 2010, 122, 7919-7922; Angew. Chem. Int. Ed. 2010, 49, 7753-7756.

6. NMR Spectra and HPLC Data
'H NMR of 4a
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Chiral HPLC analysis: rac-4a
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AK Prof. Enders - Analytiklabor 4.04

Sample name: Zouw 91-2

Data file: CASMNOOPYZOUZOU M1-21CD

Description: Laufmitiel: n-Heptan/Et0H 873 Die Probe ist DCMEICHILM geldst
Injection date: 2728{2014 9-25:48 AM

Acq. Analysis methed: CHIRALPAKIGI-ELNP_M

UNI

HEN
VERSITY

Caolumn: Chiralpak IC, (150 x4,8) mm, Sp. SN: I(CODCD-QF015
Pressure at start- 22 bar Start flow=  0.700 milimin Column oven: 30,01 *C
TATT Y, Sag= e 3 Foad =0 10T -
- i
B -
550
S0
450 -
40 o
=] 35:]_ -
2 o
250
200+
1501
101 -
50 E%
0 — "__F"I__
1 % & 4 & & F & B 10 1 97 13 W15 16 T W o1m o RN O O OM M O M B My
Tima [min]
Hame Zou 81-2
RT [min] Type Area’ Area Height Width [min]
15.24 BV 4351 1165449 35580 0.50
16.36 VW 208 480,78 14.84 0.4%
16.97 VB 237 £46.02 13.2% o.a
19.56 B8 4714 11325.84 634.5% 0.27
Sum 100.00 2402583

Chiral HPLC analysis: 4a
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Sample name:

Data file:
Description:

Imjection date:

Acq. Analysis method:

Column:

Zowu 267 TLC

CASNOOPYZOURETTLCIC.D

AK Prof. Enders - Analytiklabor 4.04

Laufmitiel: n-Heptan=t0H 87:3;
Die Probe ist im LM/DCM geldst.

GM18/2014 3:16:33 PM

CHIRALPAKICT-GLNP M

Chiralpak IZ, (150 x 4,8) mm, Sp. SN: ICODCO-QFO15

HEN

UNIVERSITY

Pressure at start: 23 bar Start flow: 0700 ml'min Column oven: W C
DAl B, 5eg=530 4 ar=200 10
50 g
EK a
150 1
-
75
T
A5 -
B0
550
2 soed
E 4501
40K
450
m.
250
PR
150
100 g OEC ¥ [ E
501 2 2 owac || E =
a - . . i = —
2 4 & B W 12 14 1B 1R g0 g7 P4 B g8 W) 07 4 3 38 4D 42 4+ 48 &
Tirna i)
Hame Zou 287 TLC
RT [min] Type Area Area Height Width [min]
7.81 B8 0.01 2.4 D.28 017
1288 B8 0.01 6.15 D.30 0.32
15.20 BV 0.60 276.89 B.03 0.47
16.47 W 0.ep 45473 B.Y7 0.75
17.74 VB 043 10692 507 0.80
20.66 BB 95,60 43004 .08 BDZ.04 0.75
33.87 BB 223 102489 13.29 117
4238 BB 012 56,34 0.8 0.75
Sum 100.00 45B23.40
'H NMR of 4b
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Chiral HPLC analysis: rac-4b

AK Ender= — Analyti=che HPLC

Sample Hame:
Daca file:
Sample Info:

Jaule:

Saule=ninfo:

Zou lE5 neu
D:\EOMZO\ZOUN185RXAD. D
Laufmittel: n—Eeptaan? 37:3
Dim Frobe ist in ILM/OCM gelo=t

Chiralpak AD (250x4, €}mm

Cperator: Analytik Labor AEEH

Injektion Time: 18:33:58

Injektion Date:

Z1.08.201<

[

HEWLETT
PACKARD

Instsrument Conditicns: At Ztart At Stop
Temperaturs in®C: 20.0°C 20.0%C
Fressure in bar: 4.3 4.8
Flow in ml/min: 0.30 0.30
DAD1 5, Sig=220,16 Ref=380,100 (Z0IMISERXAD.D)
maU »
al
- K
| 2
&1 g
@
| )
51 l
| |
EL | | |
-
- B | | | 3
= F;'l | = I| | =
| iy b b
" 2 i R |I I' N2
1 e 1
=] \ (Wi [ \ ’
1 S R —_— W JF__J T \T_gﬁf e - |r\x=-
! & 4 £ & i
i Bet. Time| Width | Height | Brea | Bre=a &
[min} {mAT) imA* =]
| | | |
1 10.€9] 0.30] .60 12.08] J.08
2 12.78] 0.32] T.E2 14.32| 0.06
2 7,328 1.1%] 15. 82| 1278 61| 5.76
| 4€.31]| 1.45] TELET 75E9.19] 2l.61
5 50.57] 1.37] .34 TZ2.80] 2.02
g 57.24]| 1.1€] 2.72] 264.11| 1.10
7 €0.41] 1.3€] E5.47| T445 TE| 21.10
B 77.41] 4.12] 14, 35| S05EB.7Z| Z1l.12
g 84,09 2.00] 5771 1475. 01| §.168
Total 2394F B2 1o0.00

16



Chiral HPLC analysis:

4b

LE Enders - Analytische HPLZ

Sample Name:
Data file:
Sample Info:

Saule:
Sauleninfo:
Operator:

Injektion Time:
Injekticn Date:

Instrument Conditicons:

Temperaturse in°C:
Pressure in kar:
Flow in ml/min:

Zou 326

O WEORZONZO0UN3IZ26RD. D
Laufmittel: n-Heptan/IP
ODie Probe ist in LM/DCM ¢

DARICELAD. M

Chiralpak AD (250=4,&)mm
Enalytik Lakor REEN

15:

31l:
ag.

4.3 4.
0

0.30

(D

HEWLETT
PACKARD

300
250
200

150

DADT B, Sig=230, 10 Ref=380 100 (Z0UNIZ6E0 )

-
T}
T

| % | Bet. Time|

Width | | LZrea %
({min)

| | | | |

| 1] 37.14] 1.24] 13.871 3
| 2 45 _7¢&| 1.44] 353.501 83
| 31 Se.5g] 1.371 7.881 il
| 4] 559._9¢g| 1.48] 2.8E] 0.
Total

17
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'H NMR of 4c
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Chiral HPLC analysis: rac-4c

AK Prof. Enders - Analytiklabor 4.04

HEN

HAA(
UNIVERSITY

Sample name: Zow 344 rac

Data file: CASMNOOPYZ0UN44RA D

Description: Laufmittel: n-HeptaniP B5:5;
Probe ist in LMD CM geldst.

Injection date: B28/2014 5:28:02 PM

Acqg. Analysis method: CHIRALPAKIARNP.M

Column: Chiralpak 1A, (250 = 4.6) mm, Sy, SN:- lADDCE-RCO34
Pressure at star: 33 bar Start flow=  0.700 ml'min Column owen: o C
TATT &, = 3 Foad =, T
= 3
80 &
M_
B0
75
o
BE,.
1
g5
L, o g
! 45+ =3
40
as.|
a0
a5
m_
15
- i E*
54 b
o A . ' )
2 4 6 B 10 12 14 16 18 0 2 94 D3 73 0 A2 M 35 08 40 47 44 = 48 B0 67 b4 BG 53 B0
Timea [mir]
HName Zou 344 rac
RT [min] Type Arealh Area Height Width [min]
14,60 BB 0.BE 65.10 250 040
24 42 MF 43 05 363645 8115 0.6a
25.38 FM 132 BB.23 257 0.a4
3762 BB 43 54 3627.85 44 74 123
Sum 100.00 742743
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Chiral HPLC analysis: 4c

AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample mame: Zou 318

Data file: CASNOOPYZOUNZ1EIAD

Description: Laufrittel: n-Heptan/P BE:5;
Probe ist in LMDCM geldst.

Imjection date: Bi1/2014 4-16:44 PM

Acq. Analysis method: CHIRALPAKIARNFM

Column: Chiralpak |4, {250 = 4.8) mm, Sy, SN: [ADDCE-RCO34
Pressure at start- 32 bar Startflow:  0.700 mlirnin Column oven: 2988 *C
TR 7, = =, T
L g
75— "
Gk
B5-
Ba-
55+
[
d5-
o i
T
a0
25
-
154
104 (=3 E E e F; 'E
5 g ira % .“-' = E
0- lhli== A A llk &
5 ) — -
2 4 6 B 0 12 12 18 1@ M 2 94 %3 79 30 A2 34 3 98 40 42 44 s 4B G0 BP 54 6B 53 GO
Tima [mir]
Name Fou 318
RT [min] Type Areath Area Height Width [min]
444 8vV 0.10 .89 D42 013
538 W 1.07 37.88 4.8 D12
6.72 VB 1.08 3853 473 D12
8.24 B8V 048 17.03 1.74 015
847 VB oze 10.08 074 0.20
9.28 BB o.1e 6.81 D40 0.25
1473 BB 215 TE.T3 2.03 D042
18.38 VB 351 123.89% 318 0.57
2437 BB 25.80 371 TE.O% D.a2
3875 MM 122 420 0.50 142
Sum 100.00 352B.08
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'H NMR of 4d
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Chiral HPLC analysis: rac-4d

LK Enders - Analytische HELC

Sample Hame:

Zou 299 rac {::- Agilant Tachnol ogies
Data file: D:BERT'ZCUY233EW_T S
Sample Info: Laufmittel: 3

Die Probe ist in DCH/LM geldstc

Ziule: WHELE.M

Sauleninfo: (s,5)-Whelk 01 (250=4, &)mm
Operator: Enalytik Labor AEEN
Injekticon Time: l4-44:-44

Injekticon Date: 10.07.2014

Instrument Conditions: Lt Btart

Temperature in“C: 3an.
Pressure i1n bar: 47
Flow in ml/min: 0

DADT C, Sig=214 4 Ref=550,100 (ZOU2EIRW.D)

0 a0 min]

| ¥ | ERet. Tim= | Width Height Erea | Erea % |
{min) (T} (mARU*=)

| | | |

| 11 3.28| .35 35.21]

| 2] 3.56] 25 121 55|

| 31 14 4¢| .09 T2

| 4] 1872 45.5%1 2]

Total 5595.11 100.00
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Chiral HPLC anal

ysis: 4d

LK Enders - Bnalytische HPELC

Sample Hame:

Zou 300

Agilent Technologies
Data file: D:“\BERTHZO0UN300W.D
Sample Info: Laufmittel: n-Heptan/EtOH 7:3;
Die Probe ist in DCH/LM geldst
SAule: WHELE .M
S3uleninfo: [5,=s)-Whelk O1 (250x4,&)mm
Operator: Analytik Lakor AFEN
Injektion Time:
Injektion Date:
Instrument Conditions: At Start &t Btop
Temperature in“C: 0.0 30.0
Pressure in bar: 47 .2 47. ¢
Flow in ml/mimn: 0.7 1.7
DAD1 C, Sig=214,4 Ref=550,100 (20U300W D)
mall n
ulr
n 1|
160 |
140 |
120 ‘|
100 | |
B0 3 |
60 m | f
40 % | =
20 % 2 ."ﬁ" ;'I Il“x
o IO A —— —
T —T T T T T T .
5 10 15 20 25 20 mi]
[ | Bet. Time | Width Height Eresa | Area % |

{min) (AT} (mAO¥=g)
| | | | |
| 1] 3301 0.1z 3_86 30.45] 0.32|
| 2] 3.5g| 0.09 EE_ g9 330.581] 3. 44
| 3 10.25] 0.40 &_349 171.00] 1.781
| 4] 1Z2.43| 0.82 2&._Ch 9es.36] 10.08]
| = 14.51| 0.7 175.140 210Z_05| 24 38|
Total %60Z_37 100.00
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'H NMR of 4e
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Chiral HPLC analysis: rac-4e

AK Prof. Enders - Analytiklabor 4.04

AACHEN

UNIVERSITY

Sample name: Fouldss+349T

Diata file: CASNOOPYZ0OUZOU 358 + 48 T IAD

Description: Laufmittel: n-Heptan/EtOH 7-3 Die Probe ist DCM/ILM gelast
Injection date: Br15/2014 2-03:59 PM

Acq. Analysis method: CHIRALPAKIARNP M

Column: Chiralpak |4, (250 = 4.6) mm, Su, SN: IADDCE-RCO34
Pressure at start- 30 bar Start flow:  0.500 mlimin Column oven: 2988 °C
TRRLT B, Sig= o & Foal =300 T -
1500 1
1200 ?
1100
1000+
200 -
i
= T
T o .
501
400
300
200
100
a — e ———————————————————————————
1 2 & 4 5 8 7 B 8 0 11 12 13 t4 15 16 17 B 9 2 M 22 23 M4 H M F I B X
Tima [miei]
Name Zou IBE+ 48T
RT [min] Type Area Area Height Width [min]
T.57 BV 147 32454 282 015
8.55 BB 038 TEB.18 6.95 047
.00 BV 125 276.37 30.35 0.14
B34 W aa.0e 14582.02 1235.80 0.13
8T ve 704 1554.18 12607 0.1
10,88 MF a682 TT6.32 5B.00 0.22
10,88 FM 564 1311.59 B1.83 0.27
1188 W 045 BE.51 584 0.25
1230 VB 1325 2823.73 162.50 D.23
15.35 BB 063 138.38 6.14 D0.35
Sum 100,00 22063.78
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Chiral HPLC analysis: 4e

AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zow 356

Diata file: CASNOOPYZ0OUNEEIA D

Description: Laufmitiel: n-HeptanEtOH 7-3;
Probe ist in LMDCM geldst.

Injection date: Br15:2014 12-10:08 PM

Acq. Analysis method: CHIRALPAKIARNP.M

Column: Chiralpak 1A, (250 = 4.68) mm, Sw, SN: IADDCE-RCO34

Pressure at start- 30 bar Start flow:  0.500 mlimin Column oven: 30001 *C
3% TRl B, 5= Ra =0 00 N
240 5
2204 i
2004
180+
1680
= 1401
ERREE
100
Ba -
w B
a0 4 -
- : 8 J HE : 7
- a b A
T2 34 % & & 7 & 4 A o2 o oo R o fBom B o2 B oL o
Tima [min]
Hame Zou 58
RT [min] Type Area Area Height Width [min]
6.25 MM ore 43.70 4.30 0A7
8.13 MM 0.e@ 4878 425 01
B.88 W 11.51 632.99 41.34 0.22
g ve 03z 17.80 0.8a 0.27
11.14 8V 1684 B0.Ov7 3.1 0.38
11.70 W 144 TB.25 £.30 0.23
1228 vB 78.78 422329 238.83 027
23.16 BBA a.62 38423 1253 045
Sum 100.00 B40p .98
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'H NMR of 4f
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Chiral HPLC analysis: rac-4f

AK Prof. Enders - Analytiklabor 4.04

AACHEN

UNIVERSITY

Sample name: Zou 130 rac

Data file: CASNOOPYZOUNMEDRXIAD

Deseription: Laufmittel: n-Heptan/IP B5:5;
Probe ist in LM/DCM geldst.

Injection date: Bi21/2014 11:55:37 AM

Acqg. Analysis methed: CHIRALPAKIARNPM

Column: Chiralpak I&, {250 = 4,6) mm, S, SN: IADDCE-RCO34
Pressure at start- 32 bar Start flow:  0.700 mlimin Column oven: 2908 °C
3100 B0 B, =0 & Tl =00 T -
&
MK o
600+ -
) E
4
o0
=] Em-
% s
400
300
200
sE 3 \ :
o AA AL ) o 3
@ & & & 10 f2 14 {8 1B 0 g7 P4 % 2 90 97 14 G5 38 4D 45 44 48 48 6D
Tirme [
Mame Zou 180 rac
RT [min] Type Areah Area Height Width [min]
14.14 BY 0.ED 57374 23,78 0.38
15.73 W 1.51 10BR.23 33.25 D47
20.24 BV 208 1501.04 44,84 D0.50
21.88 W 4781 34315.27 1018.71 051
2751 vVB 47.00 33ETE.28 THZ.ES 0.63
4424 W8 1.00 T1R.2% 1013 1.08
Sum 100,00 T2074.58
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Chiral HPLC analysis: 4f

AK Prof. Enders - Analytiklabor 4.04

HAAACHEN
UNIVERSITY

Sample name: Zow 321 down

Data file: CASNOOPYZOUNA21DOIAD

Description: Laufmitiel: n-HeptaniP B5:5;
Probe ist in LMDCM gelast.

Injection date: EBi21/2014 1:47:51 PM

Acq. Analysis method: CHIRALPAKIARNPM

Column: Chiralpak &, (250 = 4.8) mm, Sy, SN: [ADDCE-RCO24
Pressure at start- 32 bar Startflow=  0.700 milirnin Column owen: 3001 *C
TATT B, Seg= o 3 Tl = TR
ey £
60 H
A4 -
aza
3004
260+
2604
240
2204
o 24
2 jm
150
140
120
1061
B
B0
40+ = ey o ] E i E B =
20 pd g 6 7 = : & =
a4 b W S A . = N . —_
2 4 &8 B W0 1@ 14 18 18 I 3 M M OHE N 2 M FH ¥ 4 4 4 48 & 6
Timea [mir]
MName Zou 327 down
RT [min] Type Area' Area Height Width [min]
444 W 035 4E.83 4.1a 0.1a
5.20 VB 065 B6.57 1477 0.0g
581 BV 033 4474 6.57 on
G.48 W 043 57.87 6.30 D13
742 B8V 018 24.20 1.53 013
1220 VB 0.3e 5277 1.2% 041
14.58 BV 25D 334.3% 11.38 042
20.27 BB 016 21.84 073 043
2217 BB 39.70 12034.51 36433 05
25.66 BB 058 TB.34 203 059
27.20 B8 403 54081 12.08 0.69
41,11 MM 0.Ge b 1482 0.4
Sum 100.00 13416.51
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'H NMR of 4
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Chiral HPLC analysis: rac-4g

AK Prof. Enders - Analytiklabor 4.04

HAACHEN
UNIVERSITY

Sample name: Zou 262 rac

Data file: CASMNOOPYZOUNZ0U 262 RAC ZIC.D

Description: Laufrittel: n-HeptandP 7:3 Die Probe ist DCM/LM gelast.
Injection date: TE2014 11:35:31 AM

Acq. Analysis methed: CHIRALPAKICT1-ELNPM

Column: Chiralpak IC, {150 x4,8) mm, Sp. 5N: ICODCD-QFO15
Pressure at start: 23 bar Startflow: 0500 ml'min Column oven: o
THEL B, Bg=rr & e =, T
- ;
B0 -
850
m.
480 g
400 =
= am
E: 0
250
200
150
11 . .
- oo o ~
T2 3485 & 7 & 5 1071 121314 16 16 17 fa 19 20 21 2 73 24 76 25 97 26 90 & 3 32 33 54 95 3 97 38 30 40 41 40
Tima |mir]
Name Zou 282 rac
RT [min] Type Areath Area Height Width [min]
T8 VB 0.24 B1.29 3.88 0.33
B.7T1 BV 0.33 10B.54 5.a7 0.2a
835 W a4 @3 1407537 630.27 0.38
10.68 VB 0.6B 22743 T.03 0.45
12,48 8V AT Go 16884.80 401.00 0.80
15.07 VB 041 137.83 281 0.5
18.10 BV am 1004.52 18.82 0.8
2375 BB 270 EBRT 1880 0.8a
Sum 100.00 3332045
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Chiral HPLC analysis: 49
AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zow 325 TLC

Diata file: CASNOOPYZOUNIZETLCIC.D

Description: Laufmitiel: n-HeptaniP 7:3;
Probe ist in LM/DCM gelast

Injection date: Bi2512014 9-10:20 AM

Acq. Analysis method:  CHIRALPAKICT-ELNPM

Column: Chiralpak 12, {150 x4,8) mm, Sp, SN: ICDDCD-QF015
Pressure at start: 26 bar Start flow:  0.500 milirmin Column oven: 2980 *C
320 - TR B, Bg=0 ¥ P = T -
409 &
aa0- o
460 -
A -
330 -
30 -
2604
24
2404
- 230
2004
E 1m0
60—
1404
1204
100
-
101+ - -
40 EERS — ] mom
- ==% B =g 2 E
fi- e K - =P - P
-2 - -
12 3 3 B 6 7 B B 10 11 12 13 94 15 16 17 1B 10 20 91 92 ¥3 94 25 56 O7 £ 20 30 31 A 33 44 3k
Tima |min]
Hame Fou 325 TLC
RT [min] Type Areath Area Height Width [min]
384 BV 048 ED.A2 T.83 0.15
413 W 028 46,80 6.30 0.1
490 W 037 62.05 B.78 0.1
7.78 BB 0.E3 140.20 a1 D0.35
838 BvY 040 &7.80 3.02 0.33
083 ve 058 B3.73 2.55 0.50
12.51 MF 2040 15233.87 3ED.A4 D.85
13.81 FM 2B BR313 14.27 D.85
18.18 BV 282 4E2.78 B.az2 D.75
10,52 W 048 EBD.24 283 0.45
Sum 100.00 16850.60
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Chiral HPLC analysis: rac-4h
AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zow 263 rac

Data file: CASNOOPYZOUZOU 283 RAC ICD

Description: Laufmitiel: n-HeptanEtOH 87-3 Die Probe ist DCMILM gelast
Injection date: G/28/2014 8:42:20 AM

Acq. Analysis methed: CHIRALPAKICT1-6LNP_M

Column: Chiralpak IC, (150 x4,8) mm, 5p. SN: ICODCD-QF015
Pressure at star- 27 bar Start flow=  0.700 milimin Column owven: 2988 *C
250 PO B, Sg=T 4 R =0, T "
425 o
400
ars
50
325
01
275+ e
_, 26
E 2254
200
175
150
1254
100
iER
314 - =
- : i 2
—_
13 2 4 B B ¥ BB 11 1F 13 14 15 8 17 & 1 A R I OF oM 25 oM I M oI N
Timea [mir]
MName Zou 253 rac
RT [min] Type Area' Area Height Width [min]
405 BV 015 3324 302 015
.78 BV 020 4683 anz 0.24
Bzve 046 10517 357 041
12.54 8 A5 46 11281.25 417.58 D42
13.58 W 074 16044 473 0.53
17.62 BB 43 BB 11170.14 28635 0.a7
Sum 100.00 22BD6.54
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Chiral HPLC analysis: 4h
AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample mame: Zou 310

Data file: CASNOOPYZOUN310IC D

Description: Laufrittel: n-Heptan/EtOH 87-3;
Probe ist in LMDCM geldst.

Imjection date: Bi25/2014 4:36:20 PM

Acq. Analysis method: CHIRALPAKICI1-6LNPM

Column: Chiralpak IC, {150 x4,8) mm, Sp. SN: |CODCD-QFO15
Pressure at start- 28 bar Startflow:  0.700 mlimin Column oven: 2988 *C
TAD B, = & T = T -
1104 E
00— nr
G-
A0 |
00
™
[diam
400
M-
200+
10 Eoaoey L g ¥
o s = s 5
1T 2 3 4 6 6B F 8 % 10 11 12 13 415 16 17 18 0 M o# 2F E AR AT MW R R M
Tima [
Hame Zou 310
RT [min] Type Area Area Height Width [min]
10.22 VB 077 370.70 12.58 D43
12.52 BB 0.34 165.50 6.42 0.40
1372 8V 168 EB1B.5% 785 045
1471 W 045 22282 6.3 0.53
17.41 BB 9485 4576280 1063.87 0.88
21.38 Bv 0.3z 16349 339 0.7
2274 VB 177 E54.53 16.08 D.az2
Sum 100.00 4834889

35



200~
4 LOo-T

L0d=

N2,
—2.20

Lo0<f

0,30 =

3.2

L[,

-1100

{-1000

600

[-400

300

100

+—100

13C NMR of 4i

CARBON_O1
e/zou 302

—174.98
— 17078

—00. 71

—12. 10

—30. 97

1403

650

400

350

130

100

T
30 180 170 160

T
12

100

36



Chiral HPLC analysis: rac-4i

Sample name:

Data file:
Description:

Injection date:

Acq. Analysis method:

Colurmn:

AK Prof. Enders - Analytiklabor 4.04

HEN
VERSITY

UNI

Zow 345 rac

CASNOOPYZOUNZOU 345 RAC NIAD
Laufmitiel: n-Heptan=t0H 7:3 Die Probe ist DCMILM geldst.

B2/2014 2:05:42 PM
CHIRALPAKIARNP M

Chiralpak 14, (250 x 4,6) mm, 5y, SN: 1AD0CE-RC038

Pressure at start: 42 bar Start flow-  D.700 mlimin Column oven: 2988 *C
15 TEOT B, Big= T R =, T
10 #
o5 =
[
Bs+
B
75
10
5
Ba-
~ 554
R
45
a0
35
30
a5 q
20 E %
T Ly
10 =T @ E
5- Bd =2 | / \ g
a A e
I EEEEEREEEEEEEEEEEEEEEEEE:
Tima [min]
Name Zou 345 rac
RT [min] Type Areat Area Height Width [min]
451 W 1.83 86,18 B35 012
488 W 216 TE.10 12.43 D.0%
425 VB 01g 6.85 0.8a 014
581 W 085 23.482 215 018
6.42 BB 043 16.50 225 011
6.20 BV 020 T.14 049 0.20
843 MM 43 B8 176674 BE.A5 0.3
1527 MM 4128 1441.82 13.53 1.4
1983 VB 438 168.24 1.93 1.08
Sum 100.00 361428
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Chiral HPLC analysis: 4i

AK Prof. Enders - Analytiklabor 4.04

AACHEN

UNIVERSITY

Sample name: Zou 302

Data file: CASNOOPYZOUZOW 302 1A D

Description: Laufrittel: n-Heptan/EtOH 7-3 Die Probe ist DCMILM gelast
Injection date: B2r2014 1:35:13 PM

Acqg. Analysis method: CHIRALPAKIARNFM

Column: Chiralpak 1A, (250 = 4.,6) mm, S, SN- IADDCE-RCOD348
Pressure at start: 42 bar Startflow: 0700 ml'min Column owen: 2988 *C
o] P B, B 2 4 o= T ﬁ
1000 i
0 -
BILIE
OO0
- B0+
L
400
A0
201+ o
100- a ?3 & 8 A BE 3 §
. T ohs Moo F L
12 3 4 & B 7 B % 10 11 12 13 14 1R 18 A7 1B 19 0 N T M M 25 I X I M
Timea [
Name Zou 302
RT [min] Type Areath Area Height Width [min]
455 BB 066 143.43 17.08 012
583 Vv 1.55 33705 37.84 013
6.24 BB 031 G637 T.85 013
755 BB ATE E20.53 G5.35 [N 1]
881 BV 048 106.52 811 0.28
845 W 2881 1BE41.88 1023.83 0.23
11.30 W 0.a8 21183 585 0.59
1438 MM 017 3ra2 2.44 0.25
15.28 MM 004 B.A5 0.27 0.45
17.86 BV 228 487.00 B.82 0.338
18.88 VB 282 63295 12.48 0.7a
Sum 100.00 2170448
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Chiral HPLC analysis: rac-4j

AK Prof. Enders - Analytiklabor 4.04

HAACHEN
UNIVERSITY

Sample name: Zou 259 rac

Diata file: CASNOOPYZOUZOU 258 RAC 318D

Description: Laufmitiel: n-Heptan®=tOH 91 Die Probe ist DCMILM gelast
Injection date: B2312014 3:2B:50 PM

Acqg. Analysis method: CHIRALPAKIARNPFM

Column: Chiralpak |4, (250 = 4.8) mm, Sp, SM: (ADDCE-RCO34
Pressure at start- 47 bar Start flow:  1.000 mlirmin Column oven: 2988 *C
TRLT B, Sg=2 0 3 P == TiH] -
B0a - &
750 =
004 i
B0 &
- |
550
o |
. 450+
2 am-
50 -
m_
250
2004 =
1504 =
100 o ﬁ - E ‘:g -
50 Gd8ey T°@E A
4 . ome=e o .
i 2 & 4 & & 1 & 4 1 11 12 1 14 15 46 1f 1B 18 P A @ 5
Tima |min]
Mame Zou 258 rac
RT [min] Type Areah Area Height Width [min]
558 VB 013 377 2.81 0.20
6.10 BY 026 TBAS T7.88 015
B.51 W 075 228.39 10.43 0.29
702 vB 030 B1.63 619 0.22
8.02 BV 188 B02.73 43.35 0.20
B13 VB ] 513.85 43.30 013
8.75 BB 004 11.32 1.20 015
0.58 BV 45.07 13731.75 E33.11 0.33
10.58 vB 4525 13767 .54 THE.58 0.23
11.60 BB 455 13B4.87 BR5s 021
Sum 100.00 3046085
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Chiral HPLC analysis: 4j

AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zou 283

Diata file: CASNOOPY'ZOUZOU 233 1AD

Description: Laufmittel: n-Heptan/EtOH 31 Die Probe ist DCMILM geldst
Injection date: TH{2014 2-368:11 PM

Acqg. Analysis method: CHIRALPAKIARNPM

Column: Chiralpak |4, (250 = 4.8) mm, Sy, SN: (ADDCE-RCO34
Pressure at start: 46 bar Start flow:  1.000 mlimin Column oven: 2988 *C
P60 - AT B, B2 4 Pl = T -
240 3:2
2204
200
1804
160
- 1+
Eom]
100
8o+
-
a0-
20- § 2 % g 2
a P o - -
1 ? 3 4 L] 1 T [ a w1t 4 43} 14 15 8 47 B i@
Tima [min]

Name Zou 283

RT [min] Type Area™ Area Height Width [min]
3140 051 2442 415 0.0g
3.8 W 017 7.94 1.24 0.0g
480 BB 0.E6 4092 4.1 013
7.64 BV 078 37.08 257 0.
7.88 W (=] 4223 252 0.25
034 88 128 61.0% 277 0.34

10.51 BB 9582 455523 23659 0.2%
Sum 100.00 476B.97
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'H NMR of 4k
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Chiral HPLC analysis: rac-4k (note: An eluent n-Heptane/isopropanol = 9:1)
AK Prof. Enders - Analytiklabor 4.04

HAAACHEN
UNIVERSITY

Sample name: Zow 309 rac

Data file: CASMOOPYZOUNZDERMNIC.D

Description: Laufmitiel: n-HeptanEiOH 97:3;
Probe ist in LMOCM geldst.

Injection date: BA52014 9-18:38 AM

Acqg. Analysis method: CHIRALPAKICT-ELNP.M

Caolumn: Chiralpak IC, (150 x4,8) mm, Sp. 5N: 1CODCD-0F015
Pressure at star: 20 bar Startflow=  0.700 mlirmin Column oven: 30,01 *C
TR B, Big= 4 R =, 100 -
- R
550, -
550 -
iy W
450
] ‘ :
= sl
ol
260 \
2
150
1A . N
i HELEERED - @ o
*  GI3BENEE £ §F N -
1 2 3 4 6 6 T & & f 11 12 13 12 5 fa 17 8 0 %0 A & 73 24 95 98 &7 98 2 oW
TIITI& II'I'II"'I]
Hame Zou 209 rac
RT [min] Type Area Area Height Width [min]
284 BV 026 107.11 10.14 0.15
304 Ve 0.26 106.32 20.30 0.0a
347 B8 0.08 21.85 422 0.0a
371 BV 0.08 20.40 303 0.10
428 W 053 21509 B.ag D.2a
444 0 021 EB4.20 B.03 0.14
484 W 041 164.40 T4 D.35
5128 0.7 BB.85 415 D.28
BT VB 0.20 TEAD 339 D.33
0432 BV 021 BE.29 3.80 D.38
11.23 BB 20 25 187T72.53 624.27 D48
13.22 BV 165 6EB.92 23.73 024
13.71 VB 258 1048.87 27.58 D.58
16.865 BV 45 68 ABE3R.08 37547 D.75
18.44 vB 148 604,22 10.04 0.80
Sum 100.00 4Q5ET.22
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Chiral HPLC analysis: 4k (note: An eluent n-Heptane/isopropanol = 9:1 was used)

AK Prof. Enders - Analytiklabor 4.04

AACHEN

UNIVERSITY

Sample name: Zou 328

Data file: CASNOOPYZOUNIZEIC.D

Description: Laufmittel: n-Heptan/E:0H 87:3;
Probe ist in LMDCM gelast

Injection date: BA15/2014 3:47:30 AM

Acq. Analysis method: CHIRALPAKIC1-ELNP.M

Column: Chiralpak IC, (150 x4,8) mm, Sp. SN: ICODCD-QFO15
Pressure at star: 20 bar Startflow:  0.700 ml'min Column owen: aw C
g T S R = T -
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B850
LIRS
TED -
00
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41K
350 5
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PR "
2004
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= 5 =] 2
100 Ex] ] =
50 E T &
1 2 3 4 & & T & @ 0 #1192 13 14 15 | 7 B % M OH = X oM I oM N M XN X
Timea [riri]
Name Zou 328
RT [min] Type Areath Area Height Width [min]
053 BB 043 253.58 11.48 0.34
11.48 BV 033 184.38 6.07 0.50
11.98 VB 035 20257 6.9 0.48
13.74 BV 18.34 BAREZ2.84 241.84 0.80
15.81 VB 8016 46B63.13 B30.84 0.78
20.21 B8 0.65 3B81.84 a0 0.94
24.1% BB 173 1011.1% 1218 1.1
Sum 100.00 BE450.50
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'H NMR of 4
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Chiral HPLC analysis: rac-4l

AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zou 342

Diata file: CASNOOPYZOUZOU 342 1A D

Description: Laufmittel: n-Heptan/iP B:1 Die Probe ist DCMLM geldst.
Injection date: B29/2014 3:28:29 AM

Acq. Analysis method: CHIRALPAKIARNPM

Column: Chiralpak 14, (250 x 4.6) mm, Sy, SN: IADDCE-RCO34
Pressure at stari: 50 bar Start flow=  1.000 ml'min Column oven: W G
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o A R S SR S V..
1 2 3 & 6 6 7 & 9 140 9t 12 13 1% 15 16 17 fa 19 20 M 2 23 94 75 %6 27 %A 24 00 1 & a3 M 36 @
Timn# |I'|'|l"|]
HName Zou 342
RT [min] Type Area% Area Height Width [min]
f.14 28 0.41 £6.87 539 0.1%
8.12 BB 0.3e 63.05 312 D.30
098 BB 037 £ 324 0.29
10.24 BB 048 TE.80 4,34 0.29
12.%5 BB 4335 TB1T.13 316.87 D.38
1438 MK 1.06 17215 387 D.74
16.77 BB 47 B3 Traz.2a 23074 D.50
2081 MM 1.08 176.95 339 D.85
Sum 100.00 1616684
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Chiral HPLC analysis: 41 (note: An eluent n-Heptane/isopropanol = 9:1 was used)
AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zow 354

Diata file: CASNOOPYZOUIE4IAD

Description: Laufmitiel: n-HeptaniP B5:5;
Probe ist in LM/DCM geldst

Injection date: 42014 11:48:04 AM

Acqg. Analysis methed: CHIRALPAKIARNPM

Column: Chiralpak |A, {250 x 4.6) mm, 5w, SN: IADDCE-RCO34
Pressure at start: 50 bar Start flow-  1.000 mlimin Column oven: 2980 *C
| PP B A = T -
180 2
170
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140
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B0
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0+ - T o B
- S NE i & = = [
PR A B €11 VS |
04 B 8 0 2 % @ B om g@ # % @ W d2 A 3 s 40 47 44
Tirna [
Mame Zou 354
RT [min] Type Area Area Height Width [min]
6.48 BV 1.06 148.41 11.40 0.20
6.74 W 053 T3.70 4.89 0.2
7.22v8 026 36.87 el 01g
8.22 88 228 31618 17.82 0.27
0.25 B8 1.50 210.38 11.38 029
10.62 BB a7 37.24 222 0.27
14.22 BB 1.60 223.82 A4 037
18.61 BB 4724 SB35 12.87 074
28.10 BB 8326 1235144 1B5.05 1.04
Sum 100.00 13BE3.78
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Chiral HPLC analysis: rac-4m

AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zou 343

Data file: CASHOOPYZOLUN4314D

Description: Laufmitiel: n-HeptaniP B5:5;
Probe ist in LMDCM geldst.

Injection date: Ei23/2014 4:26:58 PM

Acqg. Analysis method: CHIRALPAKIARNPM

Column: Chiralpak |A, {250 = 4.6) mm, 5y, SN:- [ADDCE-RCO34
Pressure at star- 33 bar Start flow=  0.700 milimin Column owen: w G
TAT %, EIg==1d, 4 Fal=e 100
100 E
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10 z |
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A= gy b . =
5 -
2 4 6 B 0 12 14 18 13 M F2 74 %9 9 0 q M 35 08 4) 47 44 & 45 G0 67 54 bG 53 GO
Tirne [mir]
Hame Zou 343
RT [min] Type Area' Area Height Width [min]
2072 MM 1.78 18517 380 0.24
22,48 MM 201 20832 314 1.1
26.56 BB 5126 534453 BE.a4d 0.33
41.80 BB 4320 450424 5645 123
44 24 MM 175 162.80 230 1.32
Sum 100.00 10426.21
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Chiral HPLC analysis: 4m
AK Prof. Enders - Analytiklabor 4.04

AAACHEN
UNIVERSITY

Sample name: Zou 307

Diata file: CASHOOPYZOU\IOTIAD

Description: Laufmittel: n-HeptaniP B5:5;
Probe ist in LM/DCM geldst.

Imjection date: Br21/2014 3:30:0% PM

Acq. Analysis methed: CHIRALPAKIARNPM

Column: Chiralpak 1A, {250 x 4.6) mm, Sy, SN: IADDCE-RCO34
Pressure at start- 32 bar Start flow:  0.700 mlimin Column oven: 2987 *C
TR T Si=r14,d Ral=31 100
550 g
500 o
45014
401+
50
-, -
E 2504
200
150 n |
10| i - E . } |I
- El g 3 BNE g B\
o i 2 AJR A EL T AN
24 6 B 42 14 18 138 0 & oS4 %5 29 30 X2 3 3 08 40 47 44 = 4B B0 67 b4 BE 53 B0
Tima [min]
Name Zou 307
RT [min] Type Area Area Height Width [min]
444 B8 [ ] 113.93 16.14 0.1
547 BB 0.&4 E556.80 B7.75 010
722 BB 015 BE.90 i o
847 BB 045 263.24 15.88 025
1384 BB 074 437.93 11.11 D0.58
20.70 BV 1.75 1028&.30 27 0.57
22.25 MF 476 2B07.74 5674 D0.a2
2321 FM 02e 170.0% 552 051
26.72 BB 258 1818.25 2B.02 D.az
36.24 MF 147 EGE.73 10.1% 142
ITEIFM 0.E5 5DE.43 640 1.32
4559 MM 125 T36.10 B35 147
40.06 BB 3457 4BE41.05 514.03 148
Sum 100.00 HER34.90
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Chiral HPLC analysis: rac-6

AK Prof. Enders - Analytiklabor 4.04

HAACHEN
UNIVERSITY

Sample name: Zou 293 rac

Data file: CASNOOPYZOU2E3R2ICD

Description: Laufrittel: n-HeptanEtOH 8:1;
Probe ist in LMDCM gelost

Injection date: Bi242014 3:54:22 PM

Acq. Analysis methed: CHIRALPAKICI1-ELNPM

Colurmn: Chiralpak 1Z, (150 x4,8) mm, Sp. 3N: ICDDCD-QFD15
Pressure at start: 24 bar Startflow: 0700 rml'min Column oven: w *C
TRTH B, Sg=r § e = T
EL -]
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40 g | o
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- a4 thl\-ﬂ Mﬁ\ -
T2 3456 7 & 01017 121314161617 18 19 20 21 22 73 99 55 26 27 20 29 30 31 32 30 34 95 36 37 33 39 40
Tima [rmir]
HName Zou 283 rac
RT [min] Type Areah Area Height Width [min]
10.08 BV 563 1120.57 3144 0.5
11.82 W 42 ED BETD.A7 33034 0.39
12.85 VB 944 101201 3538 0.74
2181 B8 4223 ERR4 .22 170.39 0.77
Sum 100.00 20256 .43
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Chiral HPLC analysis: 6
AK Prof. Enders - Analytiklabor 4.04

AACHEN

UNIVERSITY

Sample name: Zou 373

Data file: CASNOOPYZOUNAT2IC.D

Description: Laufmittel: n-Heptan/EtOH 8:1;
Probe ist in LMDCM geldst

Injection date: Br2412014 3:13:14 PM

Acq. Analysis methed: CHIRALPAKIC1-ELNPM

Column: Chiralpak IC, (150 x4,8) mm, Sp. 5N: ICODCD-QFO15
Pressure at start: 24 bar Startflow: 0700 ml'min Column owven: o
DAOTH, Sig=731 4 Fal=3500 T
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3404 &
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20
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40 = . §‘ E
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0 R, i & s I'-.
T 89 4 5 & T & B tD11 12 13 14 16 16 17 18 19 20 21 57 23 24 5 26 27 70 20 30 31 &2 53 04 35 05 47 30 39 &0
Tirme [
HName Zou 3T3
RT [min] Type Areat Area Height Width [min]
7.2 BV 077 138.52 B6.55 0.32
T8 VB 2 f4 E40.29 £4.47 0.24
098 BV 0.74 134.53 527 0.39
11.24 VB 240 43404 17.81 0.3a
17.68 BB 23 417.37 1011 0.84
2202 BB 2914 16127.83 34230 0.74
Sum 100.00 180E3.17
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