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General methods

Commercial grade solvent was dried and purified by standard procedures as specified in
Purification of Laboratory Chemicals, 4th Ed (Armarego, W. L. F.; Perrin, D. D. Butterworth
Heinemann: 1997). NMR spectra were recorded with tetramethylsilane as internal standard. ‘H
NMR spectra were recorded at 300 MHz, and **C NMR spectra were recorded at 75 MHz (Bruker
Avance). Chemical shifts (5) were reported in ppm downfield from CDCl; (5 = 7.26 ppm) for *H
NMR and relative to the central CDCl; resonance (8 = 77.0 ppm) for "*°C NMR spectroscopies.
Flash column chromatography was carried out using silica gel eluting with ethyl acetate and
petroleum ether. High-resolution mass spectra were obtained with the microTOF-Q mass
spectrometer (ESI). Reactions were monitored by TLC and visualized with ultraviolet light.
Enantiomeric excess was determined by HPLC analysis on chiralpak AD-H and IC-H columns at
35 °C.

Materials

All starting materials were obtained from commercial supplier without further purification. The
substrates 1" and 2° were prepared according to literature methods. The catalysts 4 were purchased
from commercial suppliers or prepared according to literature methods.

Procedure for the Direct Asymmetric Vinylogous Mannich Reaction

A mixture of ketimine 1 (0.1 mmol), butenolide 2 (0.2 mmol) and catalyst 4k (5 mol %) in dry
DCM (0.5 mL) was stirred at -30 °C. After the reaction was completed (monitored by TLC), the
mixture was directly transferred to a silica gel column and purified by flash column

chromatography (hexane/AcOEt = 10/1-4/1) to give 3.
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tert-butyl(R)-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-1-methyl-2-oxoindolin-3-ylcar
bamate (3aa), white solid, yield 95 %, 77/23 dr, Enantiomeric excess: 90 %, determined by
HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection
at 220 nm), tg (minor) = 11.0 min, tz (major) = 18.5 min. 'HNMR (300 MHz, CDCly) 6 7.37-7.32
(m, 2H), 7.06-7.02 (m, 1H), 6.87-6.83 (m, 1H), 5.47 (s, 1H), 5.52 (s, 1H), 3.32 (s, 3H), 1.30 (s,
9H); *C NMR (75MHz, CDCly) § 170.8, 163.5, 153.3, 147.5, 147.3, 143.5, 130.6, 128.8, 123.8,
123.5, 108.9, 82.8, 81.2, 63.5, 28.0, 26.5; HRMS (ESI) Calcd. for CigH;sCLNaN,Os [M+Na]*:

435.0490; Found: 435.0485.

tert-butyl(R)-3-((R)-3,4-dichloro-5-ox0-2,5-dihydrofuran-2-yl)-2-oxo-1-phenylindolin-3-ylcar
bamate (3ba), white solid, yield 94 %, 79/21 dr, Enantiomeric excess: 91 %, determined by
HPLC (Chiralcel IC-H column, hexane/i-propanol = 85/15, flow rate 1.0 mL/min, UV detection at
220 nm), tg (minor) = 16.2 min, tz (Major) = 17.8 min. *H NMR (300 MHz, CDCl,) & 7.56-7.28
(m, 7H), 7.10-7.05 (m, 1H), 6.87-6.80 (m, 1H), 5.81 (s, 1H), 5.60 (s, 1H), 1.35 (s, 9H); *C NMR
(75MHz, CDCl3) 6 170.4, 163.6, 153.8, 147.7, 143.8, 133.9, 130.4, 129.7, 126.5, 126.1, 124.5,
124.0, 123.9, 123.4, 110.2, 83.0, 80.9, 63.5, 28.1; HRMS (ESI) Calcd. for C,3H,oCl,NaN,Os
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[M+Na]": 497.0647; Found: 497.0648.
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tert-butyl(R)-1-allyl-3-((R)-3,4-dichloro-5-0x0-2,5-dihydrofuran-2-yl)-2-oxoindolin-3-ylcarba
mate (3ca), white solid, yield 97 %, 68/32 dr, Enantiomeric excess: 94 %, determined by HPLC
(Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection at 220
nm), tz (minor) = 7.5 min, tg (Major) = 15.0 min. *H NMR (300 MHz, CDCly) & 7.38-7.29 (m,
2H), 7.07-7.05 (m, 1H), 6.89-6.82 (m, 1H), 5.83-5.80 (m, 1H), 5.68-5.64 (m, 2H), 5.28-5.22 (m,
2H), 4.47-4.18 (m, 2H), 1.33 (s, 9H); *CNMR (75MHz, CDCly) & 170.7, 163.6, 153.5, 147.9,

143.0, 130.7, 130.4, 124.5, 124.1, 1235, 118.7, 118.2, 109.8, 82.3, 81.2, 63.4, 43.1, 28.1; HRMS

(ESI) Calcd. for CyoHyoClLNaN,Os [M+Na] " 461.0647; Found: 461.0652.

3da

(R)-tert-butyl-3-(tert-butoxycarbonylamino)-3-((R)-3,4-dichloro-5-oxo0-2,5-dihydrofuran-2-yl
)-2-oxoindolin-1-carboxylate (3da), white solid, yield 66 %, 75/25 dr, Enantiomeric excess:
83 %, determined by HPLC (Chiralcel IC-H column, hexane/ethanol = 90/10, flow rate 1.0
mL/min, UV detection at 220 nm), tg (major) = 9.6 min, tz (Minor) = 11.7 min. *H NMR (300
MHz, CDCly) & 7.89-7.84 (m, 1H), 7.41-7.36 (m, 1H), 7.24-7.12 (m, 2H), 5.78 (s, 1H), 5.44 (s,
1H), 1.63 (s, 9H), 1.26 (s, 9H); BC NMR (75MHz, CDCl3) 6 170.9, 169.7, 163.2, 153.1, 148.4,
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147.0, 139.8, 130.8, 125.2, 124.5, 123.2, 115.8, 85.0, 83.2, 81.0, 63.8, 28.0, 27.8;, HRMS (ESI)

Calcd. for C»H,,CLNaN,O; [M+Na]": 521.0858; Found: 521.0863.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-2-oxoindolin-3-ylcar
bamate (3ea), white solid, yield 94 %, 67/33 dr, Enantiomeric excess: 96 %, determined by HPLC
(Chiralcel 1C-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection at 220
nm), ts (minor) = 7.6 min, tx (major) = 8.6 min. "H NMR (300 MHz, CDCls) & 7.43-7.22 (m, 7H),
7.05-7.03 (m, 1H), 6.78-6.72 (m, 1H), 5.69-5.62 (m, 2H), 5.10-5.03 (m, 1H), 4.79-4.66 (m, 1H),
1.36 (s, 9H); **C NMR (75MHz, CDCly) § 172.0, 163.6, 153.8, 148.1, 143.8, 134.8, 130.7, 128.8,
127.8, 127.3, 124.5, 124.2, 123.5, 123.0, 109.9, 82.3, 81.2, 63.4, 44.7, 28.1; HRMS (ESI) Calcd.

for C,4H,,CLNaN,Os [M+Na]*: 511.0803; Found: 511.0800.

tert-butyl(R)-1-benzyl-5-bromo-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (3fa), white solid, yield 69 %, 58/42 dr, Enantiomeric excess: 90 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 8.9 min, tg (major) = 12.4 min. "H NMR (300 MHz, CDCl,) &
7.38-7.30 (m, 7H), 6.63-6.57 (m, 1H), 5.72-5.59 (m, 2H), 5.11-5.00 (m, 1H), 4.78-4.66 (m, 1H),
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1.40 (s, 9H); “C NMR (75MHz, CDCl;) 6 170.6, 162.6, 153.8, 148.0, 142.9, 134.4, 133.5, 128.9,

128.0, 127.8, 127.5, 125.9, 123.7, 116.3, 111.4, 81.7, 81.5, 63.4, 44.7, 28.1; HRMS (ESI) Calcd.

for CpaHy:BrCl,NaN,Os [M+Na]": 590.9888; Found: 590.9903.

tert-butyl(R)-1-benzyl-7-chloro-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-2-oxoindoli

n-3-ylcarbamate (3ga), white solid, yield 77 %, 50/50 dr, Enantiomeric excess: 91 %, determined
by HPLC (Chiralcel AD-H column, hexane/ethanol = 50/50+0.1% TFA, flow rate 0.7 mL/min,
UV detection at 220 nm), tg (minor) = 10.7 min, tg (major) = 17.3 min. "H NMR (300 MHz,
CDCly) & 7.43-7.41 (m, 1H), 7.34-7.29 (m, 3H), 7,25-7,23 (m, 3H), 7.03-6.99 (m, 1H), 5.73-5.55
(m, 2H), 5.44 (s, 1H), 5.22 (s, 1H), 1.37 (s, 9H); "*C NMR (75MHz, CDCl;) 5 171.9, 163.4, 153.4,
147.7, 139.2, 136.3, 133.1, 128.5, 127.8, 127.2, 127.0, 126.6, 124.4, 122.7, 116.2, 82.1, 81.6, 62.8,

45.9, 28.1; HRMS (ESI) Calcd. for Cy4H,,ClsNaN,Os [M+Na]": 545.0414; Found: 545.0402.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-5-fluoro-2-oxoindoli

n-3-ylcarbamate (3ha), white solid, yield 87 %, 61/39 dr, Enantiomeric excess: 88 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 8.7 min, tg (major) = 12.1 min. ‘H NMR (300 MHz, CDCly) &
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7.38-7.29 (m, 6H), 6.96-6.92 (M, 1H), 6.69-6.65 (m, 1H), 5.74-5.64 (m, 2H), 5.08-5.01 (m, 1H),
4.79-4.65 (m, 1H), 1.39 (s, 9H); °C NMR (75MHz, CDCL;) & 170.9, 161.0 (Jor = 2418 Hz),

153.7, 148.1, 146.9, 138.2, 134.2, 128.9, 127.9, 127.3, 123.6, 117.0 (Jcr = 23.4 Hz), 113.0, 112.7,

110.6 (Jor = 7.8 Hz), 816, 80.5, 63.5, 44.7, 28.1; HRMS (ESI) Calcd. for CpsHp:Cl,FNaN,Os

[M+Na]": 529.0709; Found: 529.0709.

tert-butyl(R)-1-benzyl-5-chloro-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-2-oxoindoli

n-3-ylcarbamate (3ia), white solid, yield 77 %, 60/40 dr, Enantiomeric excess: 90 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 8.6 min, tg (major) = 11.7 min. "H NMR (300 MHz, CDCly) &
7.47 (s, 1H), 7.35-7.31 (m, 5H), 7.23-7.20 (m, 1H), 6.68-6.61 (m, 1H), 5.73-5.60 (m, 2H),
5.12-5.01 (m, 1H), 4.78-4.60 (m, 1H), 1.40 (s, 9H); *C NMR (75MHz, CDCl;) & 170.7, 163.3,
153.6, 148.0, 141.5, 134.0, 130.4, 129.0, 128.5, 127.9, 127.5, 127.3, 125.0, 123.6, 110.9, 81.6,

81.5, 63.4, 44.7, 28.1; HRMS (ESI) Calcd. for CysH,:ClNaN,Os [M+Na]": 545.0414; Found:

545.0402.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-5-methoxy-2-oxoindo
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lin-3-ylcarbamate (3ja), white solid, yield 95 %, 65/35 dr, Enantiomeric excess: 92 %,
determined by HPLC (Chiralcel IC-H column, hexane/i-propanol = 50/50, flow rate 1 mL/min,
UV detection at 220 nm), tg (minor) = 10.1 min, tg (major) = 12.6 min. "H NMR (300 MHz,
CDCl) & 7.41-7.29 (m, 5H), 7.03-7.00 (m, 1H), 6.77-6.74 (m, 1H), 6.66-6.58 (m, 1H), 5.69-5.66
(m, 2H), 5.12-5.02 (m, 1H), 4.75-4.64 (m, 1H), 3.71 (s, 3H), 1.38 (s, 9H); *C NMR (75MHz,
CDCly) 8 170.7, 163.7, 156.4, 153.5, 147.3, 136.1, 134.6, 128.8, 127.7, 127.3, 125.9, 123.4, 115.3,
110.9, 110.6, 82.1, 80.7, 63.6, 55.8, 44.6, 28.1; HRMS (ESI) Calcd. for CysH,4ClL,NaN,Og

[M+Na]": 541.0909; Found: 541.0916.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-7-methyl-2-oxoindoli
n-3-ylcarbamate (3ka), white solid, yield 93 %, 64/36 dr, Enantiomeric excess: 91 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), t (minor) = 8.7 min, tg (Mmajor) = 17.8 min. *H NMR (300 MHz, CDCl;) &
7.38-7.22 (m, 6H), 7.03-6.93 (m, 2H), 5.72-5.62 (m, 2H), 5.40 (d, J = 16.8 Hz, 1H), 4.96 (d, J =
16.8 Hz, 1H), 2.26 (s, 3H), 1.39 (5, 9H); *C NMR (75MHz, CDCly) & 172.2, 163.7, 153.6, 148.1,
141.0, 136.7, 134.5, 128.8, 127.2, 126.0, 125.8, 123.6, 122.9, 122.0, 120.6, 82.3, 81.0, 62.9, 45.9,

28.1, 18.8; HRMS (ESI) Calcd. for C,5Hy4ClLNaN,Os [M+Na]": 525.0960; Found: 525.0962.
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tert-butyl(R)-1-benzyl-6-bromo-3-((R)-3,4-dichloro-5-oxo0-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (3la), white solid, yield 70 %, 63/37 dr, Enantiomeric excess: 90 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 7.5 min, tg (Major) = 12.3 min. *"H NMR (300 MHz, CDCl;) &
7.41-7.18 (m, 7H), 6.91-6.85 (m, 1H), 5.71-5.62 (m, 2H), 5.12-5.01 (m, 1H), 4.76-4.64 (m, 1H),
1.39 (s, 9H); **C NMR (75MHz, CDCly) & 172.0, 163.4, 153.7, 147.8, 145.1, 134.0, 128.9, 127.9,
127.6, 127.2, 126.0, 125.4, 124.3, 123.7, 113.2, 82.0, 80.5, 63.0, 44.8, 28.1; HRMS (ESI) Calcd.

for C,4Hy1 BrCLNaN,Os [M+Na]™: 590.9879; Found: 590.9895.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-o0xo-2,5-dihydrofuran-2-yl)-6, 7-dimethyl-2-oxoin
dolin-3-ylcarbamate (3ma), white solid, yield 56 %, 59/41 dr, Enantiomeric excess: 91 %,
determined by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min,
UV detection at 220 nm), tz (minor) = 8.2 min, tg (Major) = 15.9 min. *H NMR (300 MHz, CDCl;)
d 7.35-7.22 (m, 5H), 7.17-7.01 (m, 1H), 6.89-6.85 (m, 1H), 5.68 (s, 2H), 5.41-5.28 (m, 1H),
5.12-4.93 (m, 1H), 2.20 (s, 3H), 2.10 (s, 3H), 1.39 (s, 9H). *C NMR (75MHz, CDCly) & 172.8,
163.8, 153.6, 148.2, 141.2, 137.0, 136.8, 128.8, 127.1, 126.0, 125.4, 124.7, 123.5, 121.4, 119.8,
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82.5, 81.1, 62.7, 46.7, 28.2, 21.0, 14.0; HRMS (ESI) Calcd. for CxHpsCl,NaN,Os [M+Na]":

539.1116; Found: 539.1113.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dichloro-5-oxo-2,5-dihydrofuran-2-yl)-5, 7-dimethyl-2-oxoin
dolin-3-ylcarbamate (3na), white solid, yield 92 %, 65/35 dr, Enantiomeric excess: 88 %,
determined by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min,
UV detection at 220 nm), tg (minor) = 7.3 min, tg (major) = 15.4 min. *H NMR (300 MHz, CDCl;)
§ 7.34-7.30 (m, 3H), 7.27-7.21 (m, 2H), 7.13 (s, 1H), 6.82 (s, 1H), 5.70-5.61 (m, 2H), 5.37 (d, J =
16.8 Hz, 1H), 4.93 (d, J = 16.8 Hz, 1H), 2.24 (s 3H), 2.20 (s, 3H), 1.40 (s, 9H). *C NMR (75
MHz, CDCl;) 6 172.0, 163.7, 153.7, 148.2, 138.3, 136.7, 134.9, 133.2, 130.8, 128.8, 127.1, 125.9,
124.3, 1227, 120.2, 82.2, 811, 630, 45.8 281, 20.7, 18.5; HRMS (ESI) Calcd. for

Ca6H26CILNaN,Os [M+Na]*: 539.1116; Found: 539.1105.

3bb

tert-butyl(R)-3-((R)-3,4-dibromo-5-0xo0-2,5-dihydrofuran-2-yl)-2-oxo-1-phenylindolin-3-ylcar
bamate (3bb), white solid, yield 93 %, 59/41 dr, Enantiomeric excess: 90 %, determined by
HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection
at 220 nm), tg (minor) =16.9 min, tg (major) =21.3 min. '"H NMR (300 MHz, CDClg) & 7.54-7.51
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(m, 3H), 7.44-7.39 (m, 2H), 7.30-7.28 (m, 2H), 7.10-6.89 (m, 2H), 5.87 (s, 1H), 5.59 (s, 1H), 1.35
(s, 9H); *C NMR (75 MHz, CDCly) & 170.5, 164.6, 153.4, 145.0, 142.0, 133.9, 130.7, 129.7,
128.2, 126.5, 126.0, 124.1, 123.9, 117.8, 110.1, 85.5, 81.2, 63.5, 28.1; HRMS (ESI) Calcd. for

Ca3HaoBraNaN,Os [M+Na]*: 586.9616; Found: 586.9632.
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tert-butyl(R)-1-allyl-3-((R)-3,4-dibromo-5-oxo0-2,5-dihydrofuran-2-yl)-2-oxoindolin-3-ylcarba
mate (3cb), white solid, yield 95 %, 68/32 dr, Enantiomeric excess: 92 %, determined by HPLC
(Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection at 220
nm), tg (minor) = 11.6 min, tg (major) = 28.1 min. *"H NMR (300 MHz, CDCls) & 7.35-7.28 (m,
2H), 7.06-7.01 (m, 1H), 6.88-6.81 (m, 1H), 5.93-5.72 (m, 1H), 5.70-5.66 (m, 2H), 5.45-5.39 (m,
1H), 5.29-5.25 (m, 1H), 4.46-4.41 (m, 1H), 4.30-4.19 (m, 1H), 1.33 (s, 9H); "*C NMR (75 MHz,
CDCl) 6 170.8, 164.6, 153.4, 143.0, 142.2, 130.7, 130.3, 124.0, 123.4, 118.6, 118.2, 117.6, 109.8,

84.7, 811, 63.4, 43.2, 28.1; HRMS (ESI) Calcd. for ChoHsoBr,NaN,Os [M+Na]*: 550.9616;

Found: 550.9615.

3eb

tert-butyl(R)-1-benzyl-3-((R)-3,4-dibromo-5-0xo0-2,5-dihydrofuran-2-yl)-2-oxoindolin-3-ylcar

bamate (3eb), white solid, yield 95 %, 65/35 dr, Enantiomeric excess: 91 %, determined by
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HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV detection
at 220 nm), tg (minor) = 8.3 min, tg (Major) = 17.7 min. "H NMR (300 MHz, CDCly) & 7.45-7.40
(m, 1H), 7.32-7.21 (m, 6H), 7.06-7.01 (m, 1H), 6.76-6.69 (m, 1H), 5.75(dd, J = 9.5, 15.4 Hz, 2H),
5.16 (d, J = 15.6 Hz, 1H), 4.72 (dd, J = 10.0, 15.5 Hz, 1H), 1.36 (s, 9H); *C NMR (75 MHz,
CDCly) & 171.2, 164.6, 153.5, 143.9, 142.3, 134.5, 130.3, 128.7, 127.7, 127.4, 124.1, 123.5, 118.6,
117.6, 109.8, 83.2, 81.2, 63.4, 44.7, 28.1; HRMS (ESI) Calcd. for CysHy,Br,NaN,Os [M+Na]™:

600.9773; Found: 600.9786.

tert-butyl(R)-1-benzyl-5-bromo-3-((R)-3,4-dibromo-5-0x0-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (3fb), white solid, yield 59 %, 60/40 dr, Enantiomeric excess: 90 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 10.7 min, tg (major) = 13.8 min. "H NMR (300 MHz, CDCly) &
7.60 (s, 1H), 7.36-7.27 (m, 6H), 6.61-.6.56 (m,1H), 5.72-5.69 (m, 1H), 5.60 (s, 1H), 5.12 (d, J =
15.2 Hz, 1H), 471 (dd, J = 5.7, 15.7 Hz, 1H), 1.40 (s, 9H); *C NMR (75 MHz, CDCl;) & 171.1,
164.4, 153.4, 144.3, 141.9, 133.9, 128.8, 128.0, 127.3, 126.4, 125.9, 124.2, 123.8, 117.8, 113.3,

84.5, 814, 63.1, 44.8, 28.1; HRMS (ESI) Calcd. for CypsHhiBrsNaN,Os [M+Na]*: 680.8857;

Found: 680.8887.
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tert-butyl(R)-1-benzyl-7-chloro-3-((R)-3,4-dibromo-5-oxo0-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (3gb), white solid, yield 60 %, 64/36 dr, Enantiomeric excess: 92 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), ts (minor) = 10.0 min, tg (Major) = 29.8 min. *"H NMR (300 MHz, CDCl;) &
7.45-7.43 (m, 1H), 7.34-7.24 (m, 6H), 7.03-6.95 (m, 1H), 5.76-5.75 (m, 1H), 5.51 (d, J = 16.0 Hz,
1H), 5.36-5.32 (m, 1H), 5.15 (d, J = 16.0 Hz, 1H), 1.37 (s, 9H); *C NMR (75 MHz, CDCl;) &
172.0, 164.4, 153.3, 141.8, 139.1, 136.3, 133.1, 131.6, 1284, 127.2, 126.6, 124.3, 122.5, 117.9,
116.1, 84.6, 81.5, 62.9, 459, 28.1; HRMS (ESI) Calcd. for CysH,1Br,CINaN,Os [M+Na]":

634.9383; Found: 634.9390.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dibromo-5-0x0-2,5-dihydrofuran-2-yl)-5-fluoro-2-oxoindoli

n-3-ylcarbamate (3hb), white solid, yield 64 %, 64/36 dr, Enantiomeric excess: 89 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 10.7 min, tg (Major) = 13.5 min; *H NMR (300 MHz, CDCly) &
7.39-7.21 (m, 6H), 6.96-6.93 (m, 1H), 6.65-6.60 (m, 1H), 5.72-5.65 (m, 2H), 5.14 (d, J = 15.7 Hz,
1H), 4.72 (d, J = 15.5 Hz, 1H), 1.40 (s, 9H); *C NMR (75 MHz, CDCl,) & 170.9, 164.4, 160.9
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(Jo-r = 241.2 Hz), 153.9, 142.2, 134.5, 128.8, 127.9, 127.4, 118.8, 117.7, 116.9 (Jc.r = 23.1 Hz),

113.4, 112.6, 110.7 (Jo = 7.9 Hz), 84.1, 815, 63.6, 44.8, 28.2; HRMS (ESI) Calcd. for

C24H21BI’2FNaN205 [M+Na]+: 618.9678; Found: 618.9679.

tert-butyl(R)-1-benzyl-5-chloro-3-((R)-3,4-dibromo-5-oxo0-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (3ib), white solid, yield 65 %, 63/37 dr, Enantiomeric excess: 87 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), ts (minor) = 10.1 min, tg (Major) = 12.9 min; *"H NMR (300 MHz, CDCly) &
7.45-7.28 (m, 6H), 7.22-719 (m, 1H), 6.66-6.61 (m, 1H), 5.73 (d, J = 7.2 Hz, 2H), 5.13 (d, J =
15.6 Hz, 1H), 4.71 (dd, J = 7.2, 15.6 Hz, 1H), 1.40 (s, 9H); *C NMR (75 MHz, CDCly) 5 171.6,
164.3, 153.8, 142.5, 141.5, 134.4, 130.6, 128.9, 128.5, 127.9, 127.5, 126.8, 125.2, 124.9, 110.9,

83.1, 81.6, 63.5, 44.7, 28.2; HRMS (ESI) Calcd. for CpyHy:Br,CINaN,Os [M+Na]”: 634.9383;

Found: 634.9386.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dibromo-5-0xo0-2,5-dihydrofuran-2-yl)-5-methoxy-2-oxoind

olin-3-ylcarbamate (3jb), white solid, yield 82 %, 66/34 dr, Enantiomeric excess: 91 %,

determined by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min,
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UV detection at 220 nm), tg (minor) = 15.8 min, tg (major) = 30.1 min; "H NMR (300 MHz,
CDCls) & 7.42-7.00 (m, 5H), 6.76-6.74 (m, 1H), 6.68-6.64 (m, 1H), 6.61-6.58 (m, 1H), 5.72-5.68
(m, 2H), 5.15 (dd, J = 6.8, 15.3 Hz, 1H), 4.67 (d, J = 15.3 Hz, 1H), 3.70 (s, 3H), 1.38 (s, 9H); **C
NMR (75 MHz, CDCly) & 170.9, 164.7, 156.4, 154.0, 142.4, 137.2, 134.9, 130.8, 128.7, 127.7,
126.0, 117.6, 115.4, 111.9, 110.5, 84.6, 814, 63.8, 55.8, 44.9, 28.1; HRMS (ESI) Calcd. for

C25H24BI’2NaN206 [M+Na]+: 6309878, Found: 630.9890.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dibromo-5-0x0-2,5-dihydrofuran-2-yl)-7-methyl-2-oxoindoli
n-3-ylcarbamate (3kb), white solid, yield 96 %, 60/40 dr, Enantiomeric excess: 91 %, determined
by HPLC (Chiralcel 1C-H column, hexane/i-propanol = 75/25, flow rate 1.0 mL/min, UV
detection at 220 nm), tz (minor) = 6.0 min, tg (Major) = 6.4 min; ‘H NMR (300 MHz, CDCl,) &
7.39-7.35 (m, 3H), 7.33-7.27 (m, 3H), 7.01-6.94 (m, 2H), 5.76 (d, J = 8.6 Hz, 2H), 5.45 (d, J =
16.8 Hz, 1H), 4.91 (dd, J = 8.4, 16.9 Hz, 1H), 2.21 (s, 3H), 1.39 (s, 9H); “C NMR (75 MHz,
CDCly) 8 172.2, 164.6, 153.7, 142.2, 141.4, 136.7, 134.4, 128.8, 127.2, 126.0, 125.6, 123.6, 121.8,
120.5, 117.7, 835, 81.1, 62.9, 45.9, 28.1, 18.7; HRMS (ESI) Calcd. for CysH,4Br,N,O5 [M+Na]+:

614.9929; Found: 614.9910.
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tert-butyl(R)-1-benzyl-6-bromo-3-((R)-3,4-dibromo-5-oxo-2,5-dihydrofuran-2-yl)-2-oxoindoli
n-3-ylcarbamate (31b), white solid, yield 71 %, 60/40 dr, Enantiomeric excess: 93 %, determined
by HPLC (Chiralcel AD-H column, hexane/ethanol = 50/50, flow rate 0.6 mL/min, UV detection
at 220 nm), tg (major) = 17.3 min, tg (minor) = 20.1 min; ‘H NMR (300 MHz, CDCly) &
7.40-7.29 (m, 5H), 7.20-7.16 (m, 2H), 6.88-6.84 (m, 1H), 5.74 (d, J = 5.7 Hz, 1H), 5.60 (s, 1H),
5.12 (d, J = 15.7 Hz, 1H), 4.68 (dd, J = 5.4, 15.6 Hz, 1H), 1.37 (s, 9H); “*C NMR (75 MHz,
CDCly) 6 170.2, 164.3, 153.5, 142.0, 134.0, 133.3, 131.8, 128.8, 127.9, 127.6, 127.4, 126.1, 117.7,
116.2, 111.4, 83.1, 81.6, 63.4, 44.7, 28.2; HRMS (ESI) Calcd. for CpsHyBrsNaN,Os [M+Na]*:

678.8878; Found: 678.8866.

tert-butyl(R)-1-benzyl-3-((R)-3,4-dibromo-5-0xo0-2,5-dihydrofuran-2-yl)-5-methyl-2-oxoindoli
n-3-ylcarbamate (3pb), white solid, yield 95 %, 66/34 dr, Enantiomeric excess: 88 %, determined
by HPLC (Chiralcel AD-H column, hexane/i-propanol = 50/50, flow rate 0.6 mL/min, UV
detection at 220 nm), tg (minor) = 9.8 min, tg (Major) = 25.5 min; *"H NMR (300 MHz, CDCl;) &
7.42-7.40 (m, 1H), 7.35-7.23 (m, 4H), 7.19 (s, 1H), 7.04-7.01 (m, 1H), 6.63-6.57 (m, 1H),
5.71-5.67 (m, 2H), 5.11-5.06 (m, 1H), 4.69-4.63 (m, 1H), 2.25 (s. 3H), 1.38 (s, 9H); *C NMR (75
MHz, CDCl) 6 171.0, 164.6, 153.5, 142.5, 140.5, 134.6, 133.2, 132.6, 130.6, 128.7, 127.7, 124.9,
124.0, 117.5, 109.6, 84.7, 81.1, 63.6, 44.6, 28.2, 21.0; HRMS (ESI) Calcd. for Cy5H,4Br,NaN,Os

[M+Na]": 614.9929; Found: 614.9910.
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X-Ray Crystal Data for Compound 3aa

Table 1.
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 30.67
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

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

Absolute structure parameter
Largest diff. peak and hole

Crystal data and structure refinement for 3aa

C18H18CIoN,O5
413.24
100(2) K
0.71073 A
Orthorhombic, P 21 21 21
a =85564(8) A alpha=90deg.
b =9.1450(8) A beta = 90 deg.
c=24531(2) A gamma =90deg.
1919.5(3) A"3
4,1.430 Mg/m"3
0.370 mm~-1
856
0.38 x0.22 x0.10 mm
1.66t0 30.67 deg.
-11<=h<=12, -12<=k<=12, -34<=1<=35
20623/ 5509 [R(int) = 0.0456]
95.0 %
Semi-empirical fromequivalents
0.9639and 0.8722
Full-matrix least-squares on F*2
5509/ 0/ 248
1.044
R1=0.0347, wR2=10.0816
R1 =0.0428, wR2 = 0.0852
0.00(4)
0.339and -0.298 e. A"-3

Table 2. Atomic coordinates ( x 1074) and equivalent isotropic

displacement parameters (A”2 x 10"3) for 3aa.
U(eq) is defined as one third of the trace of the orthogonalized
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Uij tensor.

X y z U(eq)
Cl(1) 7593(1) 11290(1) 9785(1) 29(1)
Cl2) 7888(1) 9024(1) 8684(1) 25(1)
0(1) 1303(1) 10318(1) 7183(1) 17(1)
oQ) 1641(2) 8349(1) 7748(1) 24(1)
0@3) 5338(1) 8088(1) 7629(1) 18(1)
0(4) 4726(1) 12173(1) 8593(1) 16(1)
o) 4876(2) 13397(1) 9385(1) 22(1)
N(1) 3018(2) 10445(1) 7857(1) 16(1)
N(2) 4553(2) 7331(1) 8483(1) 16(1)
C(1) -1337(2) 9279(2) 7150(1) 27(1)
C(2) 138(2) 9582(2) 6829(1) 18(1)
c(3) 1937(2) 9588(2) 7602(1) 17(1)
C(4) 4011(2) 9786(2) 8265(1) 14(1)
C(5) 3259(2) 9363(2) 8803(1) 15(1)
C(6) 2353(2) 10145(2) 9163(1) 20(1)
c(7) 1916(2) 9484(2) 9652(1) 26(1)
C(8) 2399(2) 8067(2) 9773(1) 27(1)
C(9) 6488(2) 11274(2) 9213(1) 18(1)
C(10) 6576(2) 10388(2) 8783(1) 16(1)
C(11) 5390(2) 10858(2) 8363(1) 14(1)
C(12) 844(2) 8205(2) 6581(1) 29(1)
C(13) -149(2) 10721(2) 6389(1) 24(1)
C(14) 3704(2) 7924(2) 8922(1) 16(1)
C(15) 3305(2) 7257(2) 9408(1) 21(1)
C(16) 5140(2) 5836(2) 8462(1) 25(1)
C(17) 4710(2) 8299(2) 8069(1) 15(1)
C(18) 5299(2) 12397(2) 9105(1) 17(1)

Table 3. Bond lengths [A] and angles [deg] for 3aa.

CI(2)-C(9)
CI(2)-C(10)
O(1)-C(3)
0(1)-C(2)
0(2)-C(3)
0(3)-C(17)
O(4)-C(18)
O(4)-C(11)
0(5)-C(18)
N(1)-C(3)

1.6918(16)

1.6952(16)
1.3401(19)
1.4827(19)
1.2153(19)
1.221(2)
1.3621(19)
1.4451(18)
1.201(2)
1.365(2)
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N(1)-C(4)
N(1)-H(1)
N(2)-C(17)
N(2)-C(14)
N(2)-C(16)
C(D)-C(2)
C(1)-H(1A)
C(1)-H(1B)
C(1)-H(1C)
C(2)-C(13)
C(2)-C(12)
C(4)-C(5)
C(4)-C(11)
C(4)-C(17)
C(5)-C(6)
C(5)-C(14)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(15)
C(8)-H(8)
C(9)-C(10)
C(9)-C(18)
C(10)-C(11)
C(11)-H(11)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-C(15)
C(15)-H(15)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(3)-0(1)-C(2)
C(18)-0(4)-C(11)
C(3)-N(1)-C(4)
C(3)-N(1)-H(1)
C(4)-N(1)-H(1)
C(17)-N(2)-C(14)
C(17)-N(2)-C(16)

1.444(2)
0.8800
1.355(2)
1.407(2)
1.458(2)
1.512(2)
0.9800
0.9800
0.9800
1.521(2)
1.524(2)
1.518(2)
1.553(2)
1.561(2)
1.376(2)
1.401(2)
1.396(2)
0.9500
1.392(3)
0.9500
1.398(3)
0.9500
1.332(2)
1.469(2)
1.510(2)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.381(2)
0.9500
0.9800
0.9800
0.9800
119.61(12)
110.15(12)
118.51(12)
120.7
120.7
111.94(13)
123.44(14)
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C(14)-N(2)-C(16)
C(2)-C(1)-H(1A)
C(2)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(2)-C(1)-H(1C)
H(1A)-C(1)-H(1C)
H(1B)-C(1)-H(1C)
0(1)-C(2)-C(1)
0(1)-C(2)-C(13)
C(1)-C(2)-C(13)
0(1)-C(2)-C(12)
C(1)-C(2)-C(12)
C(13)-C(2)-C(12)
0(2)-C(3)-0(1)
0(2)-C(3)-N(1)
0(1)-C(3)-N(1)
N(1)-C(4)-C(5)
N(1)-C(4)-C(11)
C(5)-C(4)-C(11)
N(1)-C(4)-C(17)
C(5)-C(4)-C(17)
C(11)-C(4)-C(17)
C(6)-C(5)-C(14)
C(6)-C(5)-C(4)
C(14)-C(5)-C(4)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(15)
C(7)-C(8)-H(8)
C(15)-C(8)-H(8)
C(10)-C(9)-C(18)
C(10)-C(9)-CI(1)
C(18)-C(9)-CI(1)
C(9)-C(10)-C(11)
C(9)-C(10)-CI(2)
C(11)-C(10)-CI(2)
0(4)-C(11)-C(10)
0(4)-C(11)-C(4)
C(10)-C(11)-C(4)
O(4)-C(11)-H(11)

124.56(14)
109.5
109.5
1095
109.5
109.5
109.5
109.91(14)
102.30(12)
111.12(14)
110.02(13)
112.79(16)
110.21(15)
127.36(16)
122.75(15)
109.89(13)
117.33(14)
106.88(12)
110.44(13)
112.03(13)
102.01(12)
107.84(12)
120.49(15)
131.61(14)
107.83(14)
118.55(15)
120.7
120.7
120.44(17)
1198
119.8
121.45(17)
1193
119.3
108.74(14)
129.02(13)
122.08(12)
109.22(14)
126.77(13)
123.84(12)
103.50(12)
106.67(12)
115.86(12)
110.2
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C(10)-C(11)-H(11) 110.2

C(4)-C(11)-H(11) 110.2
C(2)-C(12)-H(12A) 109.5
C(2)-C(12)-H(12B) 109.5
H(12A)-C(12)-H(12B) 109.5
C(2)-C(12)-H(12C) 109.5
H(12A)-C(12)-H(12C) 109.5
H(12B)-C(12)-H(12C) 109.5
C(2)-C(13)-H(13A) 109.5
C(2)-C(13)-H(13B) 109.5
H(13A)-C(13)-H(13B) 109.5
C(2)-C(13)-H(13C) 109.5
H(13A)-C(13)-H(13C) 109.5
H(13B)-C(13)-H(13C) 109.5
C(15)-C(14)-C(5) 121.88(16)
C(15)-C(14)-N(2) 128.13(15)
C(5)-C(14)-N(2) 109.99(14)
C(14)-C(15)-C(8) 117.15(16)
C(14)-C(15)-H(15) 121.4
C(8)-C(15)-H(15) 121.4
N(2)-C(16)-H(16A) 109.5
N(2)-C(16)-H(16B) 109.5
H(16A)-C(16)-H(16B) 109.5
N(2)-C(16)-H(16C) 109.5
H(16A)-C(16)-H(16C) 109.5
H(16B)-C(16)-H(16C) 109.5
0(3)-C(17)-N(2) 127.09(14)
0(3)-C(17)-C(4) 125.39(13)
N(2)-C(17)-C(4) 107.45(13)
0O(5)-C(18)-0(4) 122.29(15)
0O(5)-C(18)-C(9) 129.57(16)
0O(4)-C(18)-C(9) 108.10(13)

Sy mmetry transformations used to generate equivalent atoms:
Table 4. Anisotropic displacement parameters (A2 x 1073) for 3aa.
The anisotropic displacement factor exponent takes the form: -2 pi*2 [h*2a*"2 U1l +...+2h k
a* b* U12]

U1l u22 U33 u23 u13 U12
cl1)  38(1) 28(1) 21(1) -1(1) -14(1) 1(1)
cl@)  21(1) 22(1) 30(1) -3(1) -5(1) 7(1)
0(1) 18(1) 15(1) 19(1) 2(1) -5(1) -2(1)
0(2) 26(1) 18(1) 28(1) 7(1) -8(1) -6(1)
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0(3) 23(1) 16(1) 15(1) -2(1) 2(2) 0(1)
0@4) 20(1) 11(2) 16(1) -1(2) -2(2) 1(2)
0O(5) 30(1) 17(2) 19() -3(1) 5(1) -2(1)
N(1) 20(1) 12(1) 18(1) 2(1) -4(1) -1(
N(2) 21() 12(1) 16(1) 2(1) 1(1) 2(1)
C(1) 17(2) 34(1) 31(1) 2(2) 0(2) -4(1)
C(2) 16(1) 18(1) 20(1) -3(1) -4(1) 0(1)
C(3) 16(2) 16(1) 19(2) 2(2) 0(2) -1(2)
C(4) 16(1) 12(1) 15(1) 1(2) 0(2) 0()
C(5) 14(1) 16(1) 14(1) 1) 0() -1(2)
C(6) 20(1) 18(1) 23(1) -1(2) 2(1) 2(2)
C(7) 27(1) 31(1) 22(1) -4(1) 10(1) 1(1)
C(8) 33(1) 30(1) 18(1) 4 6(2) -2(1)
C(9) 21(1) 17(2) 15(1) 2(2) -5(2) -2(2)
C(10) 16(1) 14(1) 19(1) 2() -2(1) 0Q)
C(11) 16(2) 12(1) 15(1) 0(2) -2(2) 0(2)
C(12) 30(1) 23(1) 33(1) -8(1) -4(1) 5(2)
C(13) 24(1) 26(1) 23(1) -1(2) -7(2) 0(2)
C(14) 15(1) 17(2) 15(2) 0(2) 0(1) -1(2)
C(15) 23(1) 20(1) 20(1) 5(1) 0(2) -1(2)
C(16) 34(1) 15(1) 28(1) 3(2) 5(2) 8(1)
C(17) 16(2) 13(2) 16(1) 1(1) -2(2) 0(2)
C(18) 21(1) 14(1) 15(1) 2(2) 1(1) -4(1)
Table 5. Hydrogen coordinates ( x 10"4) and isotropic
displacement parameters (A”2 x 10"3) for 3aa.
X y z U(eq)
H() 3108 11378 7775 20
H(1A) -1716 10190 7314 41
H(1B) -1114 8567 7438 41
H(1C) -2139 8885 6905 41
H(6) 2032 11115 9080 25
H(7) 1284 10004 9905 32
H(8) 2106 7641 10111 32
H(11) 5923 11086 8010 17
H(12A) 1008 7475 6868 43
H(12B) 1847 8445 6410 43
H(12C) 130 7811 6305 43
H(13A) 826 10903 6190 37
H(13B) -510 11632 6557 37
H(13C) -946 10361 6135 37
H(15) 3633 6289 9490 25
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H(16A) 6169 5791 8636 38
H(16B) 5231 5527 8080 38
H(16C) 4415 5186 8653 38
Table 6. Torsion angles [deg] for 3aa.
C(3)-0(1)-C(2)-C(1) 66.94(18)
C(3)-0(1)-C(2)-C(13) -174.95(14)
C(3)-0(1)-C(2)-C(12) -57.84(19)
C(2)-0(1)-C(3)-0(2) -2.2(3)
C(2)-0(1)-C(3)-N(1) 177.56(13)
C(4)-N(1)-C(3)-0(2) 9.4(2)
C(4)-N(2)-C(3)-0(1) -170.38(14)
C(3)-N(1)-C(4)-C(5) -71.05(19)
C(3)-N(1)-C(4)-C(11) 164.36(14)
C(3)-N(1)-C(4)-C(17) 46.44(19)
N(1)-C(4)-C(5)-C(6) -52.0(2)
C(11)-C(4)-C(5)-C(6) 70.8(2)
C(17)-C(4)-C(5)-C(6) -174.80(17)
N(1)-C(4)-C(5)-C(14) 131.09(14)
C(11)-C(4)-C(5)-C(14) -106.13(14)
C(17)-C(4)-C(5)-C(14) 8.30(16)
C(14)-C(5)-C(6)-C(7) 1.3(3)
C(4)-C(5)-C(6)-C(7) -175.29(17)
C(5)-C(6)-C(7)-C(8) 0.4(3)
C(6)-C(7)-C(8)-C(15) -1.2(3)
C(18)-C(9)-C(10)-C(11) -1.65(19)
Cl(1)-C(9)-C(10)-C(11) -177.10(13)
C(18)-C(9)-C(10)-CI(2) 173.72(12)
Cl(1)-C(9)-C(10)-Cl(2) -1.7(3)
C(18)-0(4)-C(11)-C(10) -5.46(16)
C(18)-0(4)-C(11)-C(4) 117.23(13)
C(9)-C(10)-C(11)-0(4) 4.29(17)
Cl(2)-C(10)-C(11)-0(4) -171.25(11)
C(9)-C(10)-C(11)-C(4) -112.09(16)
Cl(2)-C(10)-C(11)-C(4) 72.38(18)
N(1)-C(4)-C(11)-0(4) 64.80(15)
C(5)-C(4)-C(11)-0(4) -63.88(15)
C(17)-C(4)-C(11)-0(4) -174.57(11)
N(1)-C(4)-C(11)-C(10) 179.38(13)
C(5)-C(4)-C(11)-C(10) 50.70(18)
C(17)-C(4)-C(11)-C(10) -59.99(17)
C(6)-C(5)-C(14)-C(15) -2.4(2)
C(4)-C(5)-C(14)-C(15) 174.92(15)

S23



C(6)-C(5)-C(14)-N(2) 177.05(15)

C(4)-C(5)-C(14)-N(2) -5.64(18)
C(17)-N(2)-C(14)-C(15) 179.33(17)
C(16)-N(2)-C(14)-C(15) 2.0(3)
C(17)-N(2)-C(14)-C(5) -0.07(19)
C(16)-N(2)-C(14)-C(5) -177.43(16)
C(5)-C(14)-C(15)-C(8) 1.6(3)
N(2)-C(14)-C(15)-C(8) -177.69(17)
C(7)-C(8)-C(15)-C(14) 0.1(3)
C(14)-N(2)-C(17)-0(3) -177.38(16)
C(16)-N(2)-C(17)-0(3) 0.0(3)
C(14)-N(2)-C(17)-C(4) 5.57(18)
C(16)-N(2)-C(17)-C(4) -177.03(15)
N(1)-C(4)-C(17)-0(3) 48.2(2)
C(5)-C(4)-C(17)-0(3) 174.52(16)
C(11)-C(4)-C(17)-0(3) -69.2(2)
N(1)-C(4)-C(17)-N(2) -134.70(14)
C(5)-C(4)-C(17)-N(2) -8.37(16)
C(11)-C(4)-C(17)-N(2) 107.96(14)
C(11)-0(4)-C(18)-0(5) -177.43(15)
C(11)-O(4)-C(18)-C(9) 4.71(17)
C(10)-C(9)-C(18)-0(5) -179.50(17)
CI(1)-C(9)-C(18)-0(5) -3.7(3)
C(10)-C(9)-C(18)-0(4) -1.84(19)
CI(1)-C(9)-C(18)-O(4) 173.99(12)

Symmetry transformations used to generate equivalent atoms:
Table 7. Hydrogen bonds for 3aa [A and deg.].

D-H..A d(D-H) d(H..A)  d(D..A)  <(DHA)
N(1)-H(1)...0(3)#1 0.88 2.28 3.0401(18) 1446

Symmetry transformations used to generate equivalent atoms:
#1 -x+1y+1/2,-z+3/2
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NMR Spectra of Products

L1100 ——_

165070 — - AR — o
- B85 02
a — 161686 £20 B2 /
9r10€" 1 . e s 3,
h ‘ 259 62 —— ld
S
St ) _omEE E
e E T GEER T, ££2°€9 \\
] P25 €9
1559
- LLG°9L — p——
: 000 24
3 €0z 2L —ff)
” v LL
019708 \
5882 ] Gt
GEZS'S / - 8
22Eg’' G // \u _~BEr9 0 mmm,ﬁm
R —
6899 5 ——= —  _ 8% 0 - B R K D
= =892 0 1BL
N ) /mm%,o © £06°807
i o 996 221 —.
el : BEG E2I—F
5215’3 ~ - 2L mmwﬁ E
MWMMM / _J —"0000°1 wmm,mmﬂw\
9590 - M TTRReI T - VIE b2l
o2 L 7= — LI ol ]
e \I vl c08 ome\, S
e B €8 0E7
ey 0IG EFT
L — 869 FrT \ —
e 96c " LT |
e 3 EEC Lp T
Rm.mm@\ / . B
i gz¢ €51 \l 3
| - Br6 291
EFGEQT
B a98 GDH\\
. £L0°2L1
vee Te4631U] = y”
- u

50

S25

100

ppm



ST00 O-——r

7680°0

cEBe”
96FE"
BBSE”
99¢ck”

e

FE0Y”
98v9”
649"
EClg”
01og°
£esg’
6/L8
1850
6280°
G071
Goge
tige
EB1E"
EPFE’
BLLE"
Leay
£92y
ErGr
£18y”
1735
EIrS’
€£95°

N N T N N N N N N Te IR Te N To T IR o To WT o)

wdd

e

£089°0
~ 0

g6 0

~.Egcc 0 :

£914°0

—EEGe 0
— mvonﬂo
—.0000'}

r0S0 ¢
___ B0 g

1edbaut

S

c ol cps v e

ppm

cel’
EQT
BL9°

948

B.G
100°
Ger

16
4513

166"
Bro”
180"
Lee

oor”
8¢5

0re

156

ir0’
oic’
9EG”
£L7

2B&’
a0y’
285
e’
|74
v
92s”
LT
LB
B6B”
641

84"
68F”
858"
£29’
86F°

w

8¢

?

\

6 —

01l
0 =

€2l

£2i

£zl

£z

p2l

vei

vl

gcl
=

dd

i

[

—_—

100

ppm

S26



5£00° 0-——r_
BEQO 0 —

692"
c2EE’

/

[

— e =

EIBE"

€981
9BreE”
CHSE”
fo2isi4
erLy
98ee
¥8G6e”
688"
£Q9E"
P98E "
BEYK "
Gerg”
0289°
9c08”
18e8°
Gees”
L6v8”
15698°
£168°
0520°
Shlshy
£290
05L0°
6092
9c62
gice
0SEE”
BIGE"
T95E”
rIse’

T A A A A A N N e = Tl W T o I o To I Te o o ITo I To T B S

NV

e s

r{

IBIE'6

e e

92LE D
BSEE T
Z__B6SE D

[
9//8°0
0L6L° T
0E60 " T

W}

f

OcrQ 1
02901

0000 ¢

teubasuy |

==

1
08L”
18"
B6E"
"CET
oel”
898"
cen”
688"
Toe”
B66”
Ges’
008"
668"
189°
el
L

144

© oo o
- - 0O

-
@ o

cu
@

"E2T
‘vel

val
rel -
vel

o
o

CET

[=]
o

CET-
ErT
(A4

S e )

oo~ s
oo T 3
T et

€97
L1

T

wdo

e

-

a0

i
=
|
F
]
|
|
¢

100

ppm

S27



.00 0-

289’
19¢t”
reer”
Slold
rriv’
8/€9

R i el

rery’
vL0S
P¥99°
6rFBL”
6927
9261
6897
BG6LT
09ie”
eove
685"
£99€°
2l6E”
arir’
cere
SEL8
£E68

O S A A S N N - T BT W]

wdd

Y

"\l

2da

U

o

798 01

(8L°6

L

— €83 0

s 0
~.c8¢ 0
NE2L0

T EBB I
N

e

000 1

{eJbau]

5

ppm

068

eLn’
€497

reL”
cas’
9.5°
000"
c0c”
Ecr’
r00"

cb8

428

862
200

699"
121:3
8eg”

20e

ESE”
24N
G’
98¢’
Sr8’
Ero”

2568

=10

L2
82
62

W

wdd

ik

3da

2Lt

100

150

pom

S28



2200° 0———__
€890 0 —

oee2 1
care’ 1
cesE’ |

9599

GriL

GEFL”
ELBLT
GeeQ”
1901

Sr6e”
0/29°
vELS”
PEBY’
Ep2s’
4517
91ED”
SLED

B3G60°
8rae”
6052°
£8Ge”
0ELS”
Epee’
001E”
16eE”
GEEE”
BSEE
4siety
BSLE
L1y
Grep’

nWwnwmwnmn S T IS

A A S S A A N T T T s s

wdd

/

)

lode e '%27%)

504076

9e96 0

EBFE "0

01581

g g

— kOIFP'D
~.. GBrS'0
I

T

1e5e L

1eJdbajul

[
ppm

P20 0= ——

120°82
191 82
189 62
BBE rr
LeL vy
181 °€E9

N\
PP €9 H)/
EPC'C9
L4891
000 4L
e0e LL
Eev LL — /I
140708
062718
66r " 18
gee e ——
658601
756 601

GO'EST /
9/6°ECT
EEB'ETT

620 EPT
698 Er1
20E " LpT
Lp7 B8R
785 EGT

qmmmmd
£06°291 \
v89 €aT—
prTTLT
660" 241

o

in

o

r——

50

100

150

pem

S29



9100 0 ———__

£680°0

EELES
£90r°

/

-

6995°
8614
GeEL
=174
S100
8FG0
9990
E6TT
BOBS
6pGY
6rL9
2aeL
0045
665
9/09°
CCEQ”
£09¢
coee”
2g8oE’
TLTE
BrEE”
BEGE"
BOBE"
£98E"
GERY”
ari9”
c02s’

N e T T N N = R Ta R T R Ta R To I o B To BT A Te BT o R Fo BT o TS S i

wdd

=

TS W

00001
_86r0 L

€606 1

SreY 1

— BG20° L
= 06690

~.0E85 0

T

|
r
i
|
r
=
[eJBazu] =

1ot

e

9L8"

ger’
909
£BE"
L0L°
048"
96¢
GGy
0EL”
GoE”
904"
296"
108°
TLE”
ors”
G69°
ET8°
0E6
£10°
816"
LEB
GLE"
GL8
E60
82y
080"
8E6
S08°
0ge
569
0cB
45k
pL8
609"
wdd

100

ppm

S30



G1000" 0——u_
BOTLO 0—

rerGe”
cOFBe

EPEGE”
9/9/E"

wdd

[feliTe}

1
2

o~
7

[TeluTe]

JCELERT

T60°
o’
LEE"
089"
LET”
806"
ESS"
TEB”
804"
BSB~
BES”
L1157
000”
1oe’

vew

crg’
peg’
Lr8’

Gg1

B6EZ”

193
g9/

8L’
e’

=194

PES”

o
]

17
2el

5 |

M oy
o) o
—

LT

el

o r~ ~wewsTm
ooy LSV SU RN VI SV o V]
— e S i

il

T
50

E &5

ppm

S31



EE00 0-—_
€680°0 —

roge’

¥
LB9E" T
EBBE T

£289°
1504
SLEL”
668L°
6¢10°
0580°
48807
Ger9’
Gre9°
0EQL
9ive”
2969”
1999°
57189
9reg’
26eb
w9r6”
EPGE”
1196°
L09e”
98.2”
ecbe’
F1oE”
ETIE"
E6IE"
GOEE"
PEEE”
865€"
SGBE

DT T TS

L,

Per S PSS S S S S DWW oW e WO nmnm o

L.

&
[eJBajul =

966" 0

JAZAN12
126°91F
620 LV

EES LIT-

1e9eet

L26°8v1

£26°0L1
wdd

o9 R —F
09t Lel-
gvG L2l
806" L2
666 L2V
(88" 821
616 821

Al

e

+
50

e
100

-
50

4

S32



8100 0-——_
96900 —

68399°
g€ieL”
89€L
G66L
9010°

1EQ0
G8L0°
9621
€r09°
769
900L"
€0eL”
PLE9
S95r9°
rG59°
9EB9’
€E0e”
8602
clee’
Liga’
182’
907E
PBIE’
ELEE”
9/GE
ealr’

0N T T T T

=3 VN e

I A T N N N Te R T= R T R T =l e B T e B To B Te I Ta

N

L

020776 |

— G250
—_ %0760

TeuBaju]

ppm

L66°

1807
LLT

E1G”
BEL'
260’
60r°
L5
000

661"
=i
7=}
165

899°
£es”
ccB’
986"
699°
LbB’
114

665"
£08

IGE

DEG”
GEG”
966"
£95

206"
G2t

780

Ger
199
860"

0ET-

wEL
AT
gy
Bri—
ESL

€91
0LV
RIAS

0 —

)

01l

m o
o =
i

3

rel

cel

(el
121
21
B2l
8cl
8ci
621
0EY

yET!

==——

€61~

T

wdd

-

50

S

100

150

ppm

S33



62007 0-—

983070

0rge”
965E°
EIgE’

-

091s”
BLEL”
109"
9669 "
6164°
6520”
crio”
LE2T”
£96e”
2699°
€969°
64BS"
G919°
yPEQ”
8299°
E0rL”
GebL”
988"
evil’
£800
BIEQ
ci9e’
Zoge’
c9se’
LETE"
BOEE"
LEGE
jotelziog
Evly

0D T T Y mm

e T e o o o (= i Ta J= R To Rt To R T= I (= I To Mo RN Te M Te

wdd

s

/B6R° T

———

21E0° T
96G0 |
T 0000 ¢
128E &

|

|

J —~FrLV L

resgeiur |

ppm

950°
EGT”
599°
2es’
B0F°
989"
[ol=T A
908"
PEE"
¥BY9°
9/8°
000"
ger”
eel’
96¢
EBY’
1448
26c
4]
666"
056
e58’
LLE
15P
660
8.6°
c9e”
448
teL”
8.L°
L9L°
L08°
668°
1eg’
5i6"
S0F"
950°
LEE”
€lc’
966"
L16°
6L0°
BEF’
G8L’
ELL
u

LFY
8vi
€61
€61
el
967~
€91
0Lt
dd

Lt

50

!
_
b

100

bpm

S34



8000 0-——_
PILOT0 —

9S6E 7
FSGr T 7

BOBE 8 =——=

219z 2 Hu“u\|
JATEAr

v06'y
5296 ¢ -
801G
8052°G
1562°G
So7E’S
87075
16296
LE6Y’S
082L°¢c
V1E6°9
0956°9
07869
9600° £
E2EQ° L
2981 £
L65L 1
1622 L
60G2 L
8192 £
aree s
SHOE £
BLTE L
TGEE £
EEVE ¢
ELSE" L
228E° L

s

—

wdd

~. BlP'C L

[eJbaju]

=
a
a

16670

EpL BF ———

6L0°62
£61°82 e

708 G¥
9.6 S¥ |\|/\I
9/L°29
916 '¢9
S9/6°9L -
000" LL
661 LL
ger LL
2r0 18
glc 18
Ger ' 18
GoE 28
GG 027

£28°Nel
180 ¢ct
8e6 2ct
£8S E2T
ECYEET
gce el
L0L mm«Wl

grg Sel

Gro 92t
Leeg et
gge’ Ll

cgg-act
PEC PEL
BIB VEY
8rL g€l
186" 9ET
Go0 ird

POELPT
AT
109" ECT
£02 €51,
zel €9t
ERCIA
Ser ELT

/

wdd

i

S35



2007 0-—_

8983070

orse”
gise”
EBGE”
pLLE

414
1804
G194
velo
0690
gict’
286c”
G06E "
7929’
90497
AT
TESE”
9/58°
L1167
£egr”
861"
ccbl
Glel
BiEe
€18
Si6e
BBIE
6EEE”
S9SE
9BLE’
G6EQE
B26E
6BIF

N N N A A N N N N N N Tt . R T I T B Te BT I o I BT T

wdao

|

N

J

1P6E'B

1eJbaju]

]

£
a
a

966"

68y
2EB”
EEB’
GGO~
L5
000"
ver’
9es”

e8L”
€90°
192"
[4:18
ves’
GeL’
GGE"

0658

68V "
669"

veo

908"
G6e”
069"
886"
280’
616"

‘ael =
PEY
‘PET
N44s
GrY
9r1-
Ll

c86
1Y)
00€
09€
144
9€6
£08

L6V’
G8L”
LGV
160"
2eo’

0 —

=)

rel—
Gel
set
921
I
mme
L2l
L2l
8cl
8clt

T

€61
€GT
31
1L
LT

wdd

20

e

i

T
100

150

S36



9000 0-——u_
60£0°0 —

GrGe”
9£9€"
ELBE

LL29’
€00’
0L0%°
GEET

8191”
GELT

geoc”

AV

HEE6°
12bb
GoL0°
9iet”
Fige’
08EE "
ecoE”
el 14
9619
0489
9658
6498°
CreB’
0EBB "¢
0L10°
61lr0’
JAZAN
000e”
£6ce
ceke’
192
orse
1982
coee”
BBEEL
865E"

LWWOWONOEDWDWDWoOST

W= =

L N e N AN N N N

LLL

\

[eaBajul

ppm

Sp0 71
Crr'B1
eloie
cgrie
BTl BE
Gcc'8e

kb8P
91L79r
089°'cs
1847°¢9
945°89¢L
Q007 £LL
161 242
€k LL

LvE e
£06°28
pIB 61l
c98°6I1
99y 127~
916" 121
650" 221
£05"E2T
BECE2T
2Ll vet
TP SR
9:8°g2l

ve0° gzt

6GF" L2t

161" L21-

sce ezt

298" 9e1

290° LET
CEN
AR

g8z i
£16°¢v1 \

VeV NN/

P

OEC BRI
V29 Est
GEL EGE
908 €9
£88°2L1

wdd

W e

I
50

T
100

1
150

ppm

S37



£200°0
7880°0

0v6e”
E€PLE"
LLOV”

e

cELY
£602°
reeEe”
LBre”

AUV SV oY)

618"
9EEB
7LEQ
0vE0
GE6T
195¢
cECE
I6LE"
cCETY’
Sr99°
16047
9628°
L1567
g9el”
[91e”
Sive”
019e”
EHe”
r80g”
r8ce”
CEEE”
BEVE"

00O WS

=\ SN

~WO W N 0o

I N N

wdd

I
:

B N\ R i A

718950
7 LBkE 0
— 9890

/6670

“VERB'Q

—_reLo't

7 ECEQ' T
= rBeF 0

— LIPS0

—~Znae
NE

1e4637U1

S

ppm

66781
82L702

sL0°8e
c6l'8e
GeE'6e
199°6¢

989°Gr
118 Gr
Lp8°29
£20°'E9
£e5'69
9/6°94
000°LL
ger L
9¢0°18
€118
PrE"IB
gEc'¢c8
0GT 02t
662 0t
60L ccl
98 ect
LEF ECT
FOE"FCT
clg Gat
Iv6'Gel
Grl et
I181°/21
PEB BT
9887 0ET
¥eG cEl
9/2°EET
686 FET
652 GET
LvL79ET
800 LET
T6E"HET
ELbLVT
Gre 8l
9£g9 EGT
0947 ESE
G6L ETT
G60 Lt

wdd

50

100

150

ppm

S38



8E00" 0-——_
9/90°0 —

216G"
8099°
VG4
8.8
P8’
0ELO"
G001 "
geier
119e”
rige’
c9ee’
SE0E”
0B6E"
rEQK
45114
rrey
ceby
Cavp
807S
6415
v8cs
0Fps”

NAN NN NMNMNSRNSNNNSNSSS S D00

91801

- 49970
=20
K@ww

el 0

02L°0

5901
e
LLre

—_ 961
—209'€

Tevbajuf

|

w

ppm

266’

0rE”
ari’
880"
659"

G5
LLS
000
661
ger’
98c”
0EG”
EEF’
EEG’
Er0
73
858
7ES"
9/E

880"
¥4t
vee”
PoG”
099"
0947

520
é6L"
BP0
Ger’
L19°
685

"EET

"OET
"0ET
‘EET
EET

0

W

[52
w

)

~ 0
~ 1~

n M
o @

0ti—

e

~ o
— =
—

BT

EET

PEREEE

=
oy
— -

9clt

oo W@ W
[ U ST IRV}
P

===

27l \
mvﬁl\
Syi
£GI
7l
0L

|
I
br
|
|

L
|
Wj
|
|
i

50

100

150

ppm

S39



9600 0-——_

G190°0

lefa

5062
1992
TGEE”

2¢lBl’
9882
SrOE”
it
016k "
£98K°
Fese”
£982°
EgE2”
196E"
vB6E”
BECK
995K
B1E9”
0099
0502
8218
0tvB
grse
BOBS
vETQ"
LGI0
LBED
1£90
1192
Iv8e’
L48e"
BBOE"
9e1E”
FGEE”
LIGE"

PRGN o - W e e e U e

wdd

N

|
AN d

6096 '8

]

2606 0
£886 0

Teer 1
v20E 0

58 0
— 8L

T

—T02E 0

=, 6890
00001

JUm D

CLI6' T

|CELERT

-~

I
L e
L8

090"
‘gz

161

LL
802

e
aL”
L
000"

g2y
0wl
B5E
Bci
6L
org

rig’

80"

[4=14
e

16E"
Fer”
S04
QEE”
9ee”
GED”
700"
obb -
818’

£19
118

82

¥

It
<
|

\i,

val
0ET
0ET—

o o
A M

112!
2rt
£r
Fel
E51-
€T~
ral-
oLl

W

waod

50

100

150

ppm

S40



_ _ I E— ]
700" 0= _ E
90000 —>= = e
16900 — " oo
as1 g2
[ £E0°62
— 14962 /
CEVE'T / ! 56O ¥ 4/
BGOE' T N/ﬂ — Ty BIETTY ’
oy M . i 09: vy
BRI 261 €9
| . 56v €9 |
95°9s |
000" £ — &
i 20212
g2y L2
i 91218 — —
SIES'Y ity
80L9' ¥ e
0689 i J_
: mmm.mau/
GzaL b —
.mw:.m 16 601 —_—
eriv e PED' L1
S 059°811
1099°5 510" E21
e s / ves e g
s ) 190" paT
£269'9 — it 1 f
feea 0 918 b2} ,
oo ey 21 _ #
P gL 22
ol 6L L2 _
oo 65/ BT I
92902 ave" g2 =
sen L 850621
e / 06 0 1 =
Bove ¢ - Mmﬁ_m.oﬂ =
9rve L JE =
groe 066" FET -
0262 L . B o
LB0E" £ | wmm,mﬁ :
162 ¢ | Kl
ELOP ¢ [ 886 v =~
062y L ﬁ el
et , 216 ECT
1E9 POl
ﬁ 0E2" 121
W L0124}
| m wdd | &
L&

wod

S41




0800 0-—_ B Lo 6660 —— = =
¥BI0 0 — =
E
[~ w3 i
e — = T vv% 8 . = i
il %1 e ST €81 vy i
1667 1 , 06F Py -
| 294" vF 1
Fo 9E0°ET ] :
| 89v '£9 s Lo
L 14579, iy
” 000" £L
. 902 24 -
vy Ll ) -t
0919 F PET 1B 3
9vEa'p i 66718 %
9899 221 e8 R
6969 ¥ Lo BBO 78 1/ 3 r
158'F Em.:.‘/
vIG8'v 228 171+ L
CELO0"E i 083°GIT
9521 g ~—SB50 0 Bv2-atl ]
8962 G ) i =
, S €6L°LTT S
1808°G T
Ees o / — ool 266811 _
E8FL G . L 5ey 92l L
18769 / = 06 0 S:,@/
0ECB'9 / — 69560 gile 21\ © = |
[688°9 o Epp LET
6691 L £9G° /21 - s —
om:,h L £99° /2% & 3 r
EEGE o 616" 221 oG ————]
sEer L = 00001 516" 127 ° L&
€502 L o . / zv " ] F
, ) e 168°827 ES 8 =
wmmm,h = = — %t mnm.mmﬁ\\ g L o
o —— = 3 |
EMMW | /f.@lir 00E EET =
SEIEL i mvm.mﬂl\, & — ,
£92E £ | 150 VET 3 L
GO9EE £ , 2er veEl—)l _3 i
GesEL |\ Bmo.mik 3 _f
609E"L [ val mit\ —3 _
98014 | 085" €51 !
o 5F8 €61 ’ -
h vEE vfk\ : |
i EEL 0LV L
066 101
e E- e
wdd Tesbaiul | a2 wdd ﬂ\ m

S42



0200 0-—~—_

1690°0

095€E "
08LE
LEGY’

BEGT'
pi0e’
BecE
BIGE"
ErSr”
BLIS
£665°
8109
FiGL
Le9L”
9EGE”
9086°
L8007
biel
9zee
Sore
cige
199¢
669¢”
£sse
2s6e
060E”
Tiee’
arre”
00Er "
BEGY

e e e e P P P M P P OO 10 0 W0 0 0 000 10 0

wdd

/

i

— Ve 0
=~€890 1

SR,

=E159 0
=
—0000 ¥

I

—_EBG2 T

92960

j€ce L

|
=

|
|
|
|

|
|
Tegbaul L

)]

ppm

666"

181

£90°
9t
181
cEq’
Lie’
£99°
e’
L4587
000"
roe’
ver

ers

£9.°
T9E"
6/9°
G51°
816"
BSG”
6C0

£28

cLE’
¥B89°
€01
SLT
6E2”
3:h

vyl
€47
Crl”
668
vLE"
vOL
GOy’
So0”
026"

N

Gy

0

8¢

oi\\ \
Tp]-
mm_k
€51

pal

NEI\

2Ll-

50

|
!
r
|

|
i
_
.

E
=
(=1

$43



PEOD O —_
1830°0 —

92.E"
800K
VEGK

0L9r°

Vi

19297
6899°
£849

50eL°
9060°
OEP?T
09c9
Lr0L
CieL
ELcs
£609
08ES
r159
LPEB
BEPG"
9296

LEE”
{BEE"
19ve

1iee”
rGLe”
LB62’
£1TE"
yage’
2oEE’
r8GE

GE9E”
9c/E”
166E"

COCOOOEODDNT TS

w

)
f

R A e S S S o o

wdd

T E0IE6

10661

TedBaiul

S

e e

0

1

™

ppm

v66°0

G80'8¢
loc 8e
EEG PP
0cB Fr
067 E9
2r9’e9
9/5°9/
000" L4
102 4L
€er LL
41
S0L°18
Se0ER
0el've -
PEV 0T
6EG 0T}
629°011
GEL 0T
rog-etl
Ere cil
190°ETT
1OP°ETT
LF9 81—
906°911

6567911

IAT-2vA

[

S

50

—

e

s

T
100

i o

150

ppm

S44



8200 0-——__
€890 0 ——

Lige’
EELE’
FGop "

ot v

Ber9’
0£99°
[elskE]
=178
880"
BOET”
9619°
1669
G380/
BOEL
Glig
06€9°
cEg9’
2i6t
0c0c”
15cc’
c1ae”
29/’
0BBe”
pEOE”
L02E°
BrEE”
LBPE”
14GE°
089€

S06E

oryi

c0cr

T T S e e L S A S o e R Ta R Ca BT BT o BT o B To I To BT S S S

~

wdd

|/

e e

|

Teubaiu]

e

—_— .

-

ppm

520 '0-
866

y

£60°82
riz 82
6.9°62
£02 k¥
L05 vk
vaL by
6909
203°€9
L15°9L
000" 4L
v02 4L
Egr 4L
£09°18
€LLT8
LoV €8
£60
664 0%
LV6 0T
0827 L1T
5E6 p2)
822 67
0£8° 927
prb L2l
eus L2l
TIB 21
996 L21
926" 821~
588" 821

9€6°821
EED' 621
LBE' OET
rra O£l
280 vEl
67 vET
pca 07!
BEG THT
E02 2vT
B9G 2r1
085" €57
098" €57
£vE ¥aT
P8 0L
069" TLT

wdd

<
m

==

=

Lot

i

ok

50

T
100

T
150

r__
ppm

S45



W00 0-—_

949070

20%e”
LBGE"
EEBE”

e

160L°
Ele 7
Bre9”
2949”
708"
8E06”
£9L0°
0660°
881"
Gral”
JAssr
cEBY’
vers”
0LeL”
1286
0118
a9r9’
£589°
9ivL”
86947
1200°
LBEQ”
LBLO°
BGGT”
019e”
9BRc”
Lene”
B8i0r"
gaer

MAMSMSNMASNMRMNOQOOOUOEOYLDWOWDIOnONSI ST ITmm

wdd

/

=\ e

SrGl°'6

000°1

82"
cbl 1

|

BEG 1

cBE 1

896 €

1

© W W w
Mmooy
e

TTeee
50l

RS
—_¥eSl

reJéajul

e
[=
a

980"
861"
699"
Gps*
4
ELL°
156"
cbL’
088"
BBE"
8¢8°

945

000"
(=
100°
19e”
GLr”
092"
EF9”
boe”
985"
co6”
€91
¥60°
96r
809°

Sro’

744

(17
PEL
GoL

092
828

Eleich

ceca

rre’
691"

£6e

Elr”
1214
055"
700"
FEL”
B9y’
GeL”

906

@
o
|

o1t
01t

oo
— -
— =

Gl

0
-

™ o m
U oU o —
—

~
3%

LeT—

4
rET
SEl

Mmooy =
0 < T m
Ik

r91
0L

wdd

e

100

ppm

S46



7200 0-—~0_
FE30°0 —

EBSE" T —

056"

-

reie’2

Bz e —

9rEB”
5e98°
0616

B6EZ”
ErBe

2L6E"
2ECK

92E9”
2589”
BSEL”
9r8L”
6crb

2E56

9£96°
BLLE®
7cBs”
9o’
19ve”
218e’
2oie”
0BLe”
9L0€”
cglE’
TEEE”
99c€g”
WLiE”
S6BE”

e e T e i T S o S Vs ¥ Vo I T I T I T BT I T I T T B B

wdd

i

—

~72BL570
— IEF'0
€150
ciB5 0
—2eB6 0

=

.

—CEG6'0

— 01"
="¢ebeq’ 0

—~858l6'¢

NBSES E

[edbajug

L e I B
0

ppm

pas”

0L0°
961"

66e”
19.°
166"
LEL

9/6
9.8
000
Ecl
B L

B9E "
SrS’
2.8’
el
005”
j74°H

£98
L62

BLE"
EI9°
IB6G”
G69"
€98’
IEC”
£0g”
058"
B9F”
13788
PEL

ES6
S{8

8] ot=4

2ar’
(478
0/8°
69"
06e”
el

e\

iy
[+:]
'

LTT
02t
oct
1ct
cel
ccl-
ECi—

s I T= o BT Te}
(SIS VA VAR S VAN SV S}
— e e

rEL

9el

Bia]

crt
EGT
EGT
£97
=N
2Ly
ELY

wdd

™
gty

bl

N

S

i
30

1
100

pom

S47



8€00" 0-—__
2900 —

v0BC' ¥
LELE'T
vLov 1

5448
rea9’
£569°
ariL’
LELD
gvel
6€09
G069
110L
BidL
EraS
E165
8519
Goge’
69.2”
180€"
BYEE”
LLVE"
099€"
001¢"
83985
Lp09°

NNRNNNNNNOCUOOOOOONS IS

S\ NN

wdd

~_

BocHN

Br

——

LOEV 6

—

0000° 1

— 7509 |
=I5 0

—_B6rS'0

a
fesborul | 8

820’
066"

c80°
BLY”
161"
ey’
cBg

€08
051
ElE

LLS°

Qoo

617
ver”
86k "
869°
BSO”
gac”
oee’
B2E"

158

oy
608"
cac”
865"
BBE "
748
348
06E"

vEL

866"

a0

568’

68l

£86°

gcl
8ct
EET
‘PEV
vl
i
i
‘Gpl1

£eE
BL6
166
9
LIE

™

cer’
BEY”
LoV
8L
700"

@

m o
[SYRRAY)

Lel—=

el
Bel

£G1
12
rar
174
el

wdd

4

BocHN

S——
0

T

L R
S0

I
100

1
150

ppm

S48



i sy
6100 0-—_ o E66'0 ﬂ
6690 0 — 286 02 ;
[ 0v0° 12 I\ ﬁ
090" 12 ,.
coT 82 - L
- 112'82 / 1 m
QgGE "1 e 699 6¢ i
TEE T —m - —.0000°6 ¢ 180 vy - [
8097 1 — BYE by % i
869" by ﬁ
m™ pE2 E9 e e !
€852°2 —~—_ _~GBEL 1 . |
529°€9 1 | o
L5828 — T} TBasE | nie e 3 ﬁs
000" LL 3 |
. E0ZLL o
vev Ll — |
: i
95E9' 7 | 25118 :
2889 ¥
BL6Q' b 1178 11/ i 3
9980°5 795 601 3 ﬁ
0r50°S 149607 .
Eara L0G°LTY ﬂ
Jsbe S 620 r21- ! s
e s Sy6 vel f =
'S |
3 S——
10/5°9 69€" LT b
: L2y
896G°9 mmv,hm_ | |
8809°9 €99°L L
65€9°9 12l L2) |
Fat0 'L BEL 821 — ,
B2K0 L mmﬁ.mm«v — r
BABLCL E@.OS\ =
032 ¢ okl .
€192 £ 99" 2€e’
e 4 052 €€} ; -
[ . 8
200€° ¢ €L9°VET
: €10°GET =
il 2ES OVY
9EZE L . E
YarE L 95k Tr T _
BIGE L 6SG IvT ]
1600 ¢ g i L0G°2p1 = .
e 065 €51 .
o 186°€GT [
(89 791 "
L 860 141 |
] 046 VL1 |
wad 1eJBajul \W wdd T o

S$49



HPLC Analysis of Products

145
140
135
130
125
120
s I:l
"o
o Cl
105
100 BocHN
95
a0 (]
85 M
80 M
. CHy
o rac 3=a
65
60
55
50
45
40
35
30
25
20
15
10

Y

012 3 4567 & 9101 121314151617 1519 20 21 22 23 24 25 26 27 25 29 30 31 32 33 34 35 36 37 35 30 40 41 42 43 44 45 46 47 45 40 50 91 52 53 54 55 50 57 58 S99 60 €1 62 63 64 65
B8] (min)

Cl

B ()

?40 &0
>»50157

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 10.948 43186.887 711754.875 40.4866

18.385 24190.416 715714.563 40.7118

2
3 40.870 2274.969 167526.156 9.5293
4 60.157 1331.229 163006.703 9.2723

vl

)

2
16500

o B
P 11012

S\

D12 3 456 7 8 91011121314 151617 13 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 33 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 55 57 58 59 60 61 62 63 64 65
TiE (min)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 11.012 19974.441 373646.688 4.8995

2 18.500 236715.359 7252641.500 95.1005

S50




20 BocHM

Cl

.
85 Fh
80 rac 3ba

I

01 23 4567 8 9101112131415 161718 1920 21 22 2324 2525 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54 55 56 57 58 50 60 61 62 63 64 65 66 67 65 69 70
18l (nin’

>E1 038

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 16.202 33600.953 1113794.625 32.4771

17.875 33878.523 1115014.250 32.5126

2
3 22.093 12943.305 594039.813 17.3216
4 61.098 4931.216 606631.813 17.6887

01 23 456 7 68 810111213 1415161718 1920 21 22 23 24 2526 27 26 2930 31 32 33 34 35 36 37 306 39 40 41 42 43 44 45 46 47 45 40 5051 52 53 54 55 56 57 50 59 60 61 62 63 64 65 66 67 68 69 70
18] (min

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 16.243 5525.462 173562.406 4.7335

2 17.860 103801.141 3493101.750 95.2665

S51




400
390
380
370
360
350
340
330
320
il
300
290
280
270 ]
260
250
240 0 Cl
20 BacHM
220
- 210
E 200 I: I
1 190
® 15 H
170 1-_\_\_,5//
hs rac3ca
140
130
120
10
100
a0
&80
70
0
50
40
0
20
10
o]

7548
)

15478

;}21 358
> 59233

012345878 81011121314151617 18192021 2223 2425 2627 232930 31 32 33 34 35 36 37 383940 41 42 4344 4546 47 48349 5051 52 5354 5556 57 53 59 G061 626364 6566 67 6369 7071 7273 747576 7778 7980
18l fmin.

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 7.648 183144.641 2176273.750 31.7517

15.478 85848.430 1994313.750 29.0969

2
3 21.358 37227.109 1340752.750 19.5615
4 59.238 12830.772 1342702.875 19.5899

400
300
380
370
360
350
340
330
320
310
300
230
280
270
260
250
240
230
220
~210
Eom
L 190
Ben
170
160
150
140
130
120
10
100
an

15.083

&0
m
&0
a0
40
30
20
0

0

012534356768 9101112131415161715 1020021 2223 2425 2627 252030 1 32 3334 35 36 37 303940 41 424344 454647 4843 5051 525354 5556 5750 59 6061 626364 6566 676A6I 7071 7273 7475767778 79480

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 7.595 10553.082 103795.008 3.0559

2 15.083 148866.172 3292759.250 96.9441
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BEIE )
@
|

a2

BocHM
Cl

B
rac 3da

Cl

0 1 5 B 7 ul 12 13 14 ETJ‘[EF?,,.,!\] 16 18 18 20 bl 2 23 24 25 26 27 28 23 30

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)
1 9.627 61465.477 817143.938 35.6555
2 10.697 21315.629 341022.094 14.8803
3 11.705 47904.750 790038.188 34.4728
4 14.943 14750.278 343571.406 14.9915

9637

0 1 3 !; 5 é é Bﬂ‘l‘E]w‘fDmm) 1‘1 1‘2 1‘3 14 15 1;3 1‘7 18 1‘9 20
Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)
1 9.637 56766.391 761780.313 91.6742
2 11.730 3713.199 69184.102 8.3258
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145
140
135
130
125
120
115

:;: Bocn 3!
" b
- N
80 Bn
5 75 rac em
g 70
o 1 5 é 7 W:I 1'2 1‘3 1'4 HHW%’M“) 1‘5 1‘7 1‘8 1‘3 ZIEI Z:I 2‘2 ZIB ZIQ 2‘5 2‘5 27 2‘8 2 30
Peak RT(min.) Height(mV*sec) Area(mV) Area(%)
1 7.633 54341.012 623894.500 28.3394
2 8.625 47158.332 593187.813 26.9446
3 10.548 29747.672 524894.688 23.8425
5 18.003 15919.872 496869.656 22.5695
i
o 1 13 14 Efj‘|‘§]1€,,in) 18 17 18 19 20 2 22 23 24 28 28 27 28 29 30
Peak RT(min.) Height(mV*sec) Area(mV) Area(%)
1 7.633 13640.335 121941.594 2.2217
2 8.627 427458.063 5366768.000 97.7783
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300
290
280
0
260
250
240
230
220
210 |:|
200
190

G BocHN
170 Br
160 (|
10
ﬁmu
130
120
Mo
100
80
80
70
B0
50
40
30
20
10
o

Cl

8913

Bn
rac3fa

>zz a0
>49735

01 2 3 4 5 6 7 8 9101 121314 1516 17 1818 20 21 22 23 24 25 26 27 20 29 30 31 32 33 34 35 36 37 30 39 40 41 42 43 44 45 46 47 40 49 50 91 52 53 54 55 56 97 56 59 60
B8] frir)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 8.913 99327.906 1305766.750 30.2931

12.313 66992.805 1361081.125 31.5763

2
3 22.310 19147.713 823689.000 19.1091
4 49.735 8576.276 819908.625 19.0214

12422

VAN

01 23 4567 8 9104112131415 1617161920 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 30 39 40 41 42 43 44 45 46 47 49 49 50 51 52 53 54 55 56 57 53 5060 61 62 63 64 6566 67 68 69 70
B8] uin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 8.978 14583.021 184964.438 4.9049

2 12.422 174090.234 3586045.500 95.0951
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145
140
135
130
125
120
115
110
105
100

C Bn
70 rac3ga

I ()

o
&
3
@

17.385

30107

it A

o 1 2 3 4 s 6 7 & 89 10 11 12 13 14 15 16 17 18 19 20 2 22 23 24 25 26 27 28 29 30 31 32 33 M 35 I IF 3|/ 39 40
B8] (uin)

]

RT(min.) Height(mV*sec) Area(mV) Area(%)

8.782

41439.375

522852.563

24.0422

10.712

36174.777

576136.625

26.4923

17.385

20045.479

572187.313

26.3107

30.107

10279.355

503552.688

23.1547

300

200
260
70
260
250
240
230
220
210
200
190
120
170
160

Zso

% 140
130
120
10
100

17315

o 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 18 90 M 22 23 24 25 26 27 28 29 30 3 3P 33 34 35 I/ IF 3]/ I}/ 40
B8] iz

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 10.770 8179.040 124052.547 4.3794

2 17.315 94831.602 2708588.750 95.6206
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8747

12217

o
-1
2507

>55 383

il
0 L T L T

D1 23 4567 8 9101112131415 1617 13 1920 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40 471 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 53 60 61 62 63 64 B35 66 67 68 69 70
TIEl (min

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 8.747 119987.805 1843084.875 35.8413

12.217 74321.070 1452519.875 28.2463

2
3 25.017 18607.607 919573.813 17.8824
4 56.383 8493.208 927164.813 18.0300

800
780
760
740
720
700
B30
BED
B40
520
600
580
560
540
520
500
4580
460
440

420

5 400

% 380
360

12192

340
320
300
230
260
240
270
200
180
160
140
120
100
80
&0
40
20
0

B 8733

)

0123 4567 8 910112431415 1617 181920 21 22 2324 25 26 27 25 20 30 31 32 33 34 35 36 37 36 30 40 41 42 43 44 45 46 47 40 49 50 51 52 53 54 55 56 57 56 59 60 61 62 63 64 6566 67 68 69 70
Ef[8 tnin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 8.733 33342.168 458198.375 5.9596

2 12.192 369725.531 7230147.500 94.0404
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HIE ()
B

8678

11760

=1
3
g
o
&

A

>49.1 20

01 2 3 45 6 7 8 9 101 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 53 59 60
B8] (nin)

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

8.678

81817.516

1061358.375

29.0225

11.760

56548.359

1100477.875

30.0922

23.430

15573.232

745448.875

20.3841

2
3
4

49.130

7731.106

749734.000

20.5012

11768

01 2 3 485 6 7 8 910711 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 33 39 40 41 42 43 44 45 46 47 48 40 50 &1 52 53 54 55 56 57 58 50 6O

ITa] (nin:

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

8.685

21536.572

267291.750

5.0843

2

11.768

254040.563

4989902.000

94.9157
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10.148

12616

a
]
BocHM Hl
A
ot !
N
Bin
rac3i=

>23 293

>45 280

0012 3 4 5 6 7 8 8

10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 268 27 28 23 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4B 49 50 51 52 53 54 55
B8] (nin)

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

10.148

100755.367

1790111.875

31.9635

12.618

74641.328

1760507.875

31.4349

23.293

20839.744

1019915.125

18.2112

2
3
4

45.280

11431.326

1029952.625

18.3904

S\

o1 2 3 4 5 6 7 8 4

18] tmin;

10 11 12 13 14 15 16 17 18 19 200 21 22 23 24 25 26 27 26 23 30 31 32 33 34 35 36 37 30 39 40 41 42 43 44 45 45 47 45 49 50 51 52 53 54 55

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

10.165

6051.625

99907.102

4.1814

2

12.643

97895.477

2289425.250

95.8186
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o
; A i
0 5 10 15 20 23 30 35 40 45 50 55 BO BS 0 E'-j‘\‘E]"S,.,,Q 80 80 95 100 108 110 115 120 125 130 135 140 145 150
Peak RT(min.) Height(mV*sec) Area(mV) Area(%)
1 8.843 107775.172 1635492.375 33.4401
2 18.098 46021.691 1466626.375 29.9874
3 51.918 7703.782 885215.500 18.0995
4 109.388 4033.082 903481.750 18.4730

0 5 1‘0 1‘5 2‘0 2% 3‘0 35 4‘0 4‘5 5‘0 5‘5 Eb EIS 7‘0 a:j@é,,.,m BIU B‘S 9‘0 9‘5 160 10‘5 11‘0 11‘5 1é0 12‘5 13“0 13“5 1‘;0 1‘;5 150
Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 8.755 21003.699 292806.719 4.3242

2 17.823 209524.156 6478598.500 95.6758
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T (nv)

1,500
1,450
1,400
1,350
1,300

1,250
1,200
1,150
1,100
1,050

1,000 Cl

BocHM

00 Br M

.
850 Br

800 rac3la
750

700
850
600
550
00
450

7540

400
350
300
250
200
180
100
50
0

> 26942

o 1 2 3 4 5 6 7 8B 8 10 11 12 13 14 15 16 17 18 19 20 2 22 23 24 25 2B ¥ 28 28 30 3 3} 33 34 3 I/ IF 3 3 40
B8] fmin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 7.540 455120.813 5289743.000 31.5455

11.638 149738.891 3108366.250 18.5368

2
3 12.298 251356.031 5207160.000 31.0530
4 26.942 61417.141 3163343.750 18.8647

B/E ()

01 2 3 4 & 6 7 8 9 10 1 12 13 14 15 16 17 18 19
i

2 21 22 23 24 25 2B 27 28 20 30 3 32 33 34 35 3/ 3F I\ 3 40
18] fmin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 7.558 33462.934 423780.781 5.2207

2 12.328 371222.406 7693605.000 94.7793
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145
140
135
130
125
120
15
10
103
100

8,262

"

0 2 4 B & 10 12 14 168 13 20 22 24 26 28 30 32 34 36 38 40 42 44 46 45 50 52 54 56 53 G0 B2 B4 GBS 63 70 72 74 76 75 30 52 54 86 58 90 92 94 98 93 100102104
i8] fmis.

Lo ow
o8Ny

e

—— Y

>an593

>»95097

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 8.262 66198.578 965588.813 27.4582

16.010 29247.000 938467.688 26.6869

2
3 30.593 10093.351 795739.000 22.6282
4 95.097 3577.837 816787.875 23.2267

290
280
270
260
250
240
230
220
20
200
130
180
170
160

E150

a0
130
120
10
100

a0
a0
0
&0
0
40
30
20
10

0 2 4 6 5 10 12 14 16 18 20 22 24 26 28 30 32 34 36 36 40 42 44 46 489 S50 52 54 56 S50 60 62 64 66 68 VO T2 74 V6 76 00 92 94 06 90 90 92 94 96 95 100102104
B8] (min)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 8.227 10234.311 185134.109 4.7166

2 15.942 113977.813 3740024.250 95.2834
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7402

>—29192
>50173

0 2 4 6 & 10 12 14 16 18 20 22 24 26 25 30 32 34 35 35 40 42 44 45 45 S0 52 54 56 53 B0 G2 B4 B6 63 7O 72 74 76 7H B0 82 54 86 55 90 92 G4 96 85 100
B8] (nin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 7.402 174674.984 2251189.250 28.2268

15.475 72535.984 2368942.500 29.7032

2
3 29.192 21141.666 1770262.375 22.1966
4 80.173 8230.957 1584979.625 19.8734

300
290
280
270
260
250
240
230
220
210
200
190
180
170
160

BE
% 140
130
120
110
100
a0
a0
0
60
50
4n
30

20
10
0 e

0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 36 40 42 44 46 48 50 52 59 56 58 60 62 64 66 B8 70 72 74 76 76 60 82 B4 66 66 90 92 94 96 88 100
B8] iz

15.452

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 7.387 20375.834 262114.156 6.2867

2 15.452 122590.844 3907221.750 93.7133
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FIE (nv)
-

16.983

@
21 348

o o
>31 828
>»59 468

01234567 889 1011121314151617 18192021 22 23 24 25 28 27 25 29 30 31 32 33 34 35 35 37 38 39 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54 55 56 57 58 59 60 61 B2 B3 64 65 £6 67 65 69 70
A8 (min)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 16.983 14988.339 443282.938 26.2463

21.348 11748.357 466230.594 27.6050

2
3 31.828 5535.136 391288.188 23.1677
4 59.468 3057.458 388135.000 22.9810

290
280
270
260
250
240
230
220
20
200
190
180
170
160
Eazo
g 140
130
120
10
100
80
80
0
&0
0
40
30
20
10
o

21.338

168.945

VA

01234567 8810111213 14151617 1681920 21 22 23 24 25 26 27 26 29 30 31 32 33 39_35 36 37 30 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 50 58 60 61 62 63 64 65 66 67 66 69 70
B8] (nin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 16.945 8250.203 259722.203 5.0125

2 21.338 123340.875 4921746.000 94.9875
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8323

>——1754n

>2a 785

>»57 797

01234567 801011121314 151617 181920 21 22 23 24 25 26 27 25 28 30 31 32 33 34 35 36 37 38 3040 41 4243 44 45 46 47 48 40 5051 52 53 54 55 56 57 5850 60 61 62 63 64 65 66 67 68 63 70 71 7273 7475

8] min)

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

8.323

60729.602

773248.563

26.0862

17.640

27461.416

833979.625

28.1350

28.785

12409.807

682052.375

23.0096

2
3
4

67.797

5184.129

674929.938

22.7693

17743

01 2345676 9100MM121314151617 18192021 222324252027 262930313233 343536

B8] (min)

3735304041 424344 4546 474649505152 5354 5556 57 S0 5960 61 62 6364 G5 6667 BE G707 T27I TS
] (nin

Peak

RT(min.)

Height(mV/*sec)

Area(mV)

Area(%)

1

8.335

22374.381

343851.563

3.9716

2

17.743

278624.813

8313929.500

96.0284
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150
145
140
135
130
125
120
15
10
105
100

BocHM
Br

mm iEIn
¥ es
rac 3eb

>»37 813
R»an 973

0 2 4 B 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 36 40 42 44 46 48 50 52 54 56 58 G0 62 G4 GG GO 7O 72 74 76 76 ©0 82 84 86 ©6 80 82 94 95 98 100
BY1E] imin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 11.573 45891.070 791839.813 28.9424

27.763 17094.932 761633.313 27.8383

2
3 37.813 8806.108 585391.375 21.3965
4 90.973 3684.217 597053.750 21.8228

300
280
280
20
260
250
240
230
220
20
200
130
180
170
160
Eiso
Haao
130
120
110
100
0
=)
7
&0
S0
a0
30
20
10
o

D 2 4 B & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 SO 52 54 55 S5 B0 B2 B4 B6 B8 70 72 74 76 78 50 82 84 I 85 90 92 94 95 05 100

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 11.697 12397.798 206235.922 4.2649

2 28.172 101026.539 4629456.000 95.7351
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200
195
180
185
180
175
170
165
160
155
150
145

140 o

135

130 D

Br
= BocHH \_ 4
1ns Br

10 Br
105 a

“£100

il N

P w0 Bn
:S rac b
7s
70
&5
BO
55
50
45
40
35
30
25
20
15

10
5
0

5

10.80%

13937

>—a1 343
>54.78?

01 2 3 4 5 B8 7 & 9101 121314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 35 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 55 59 60
B8] (nin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 10.805 51428.246 881109.750 26.2670

13.937 34580.285 876928.813 26.1423

2
3 31.343 12107.016 806777.688 24.0511
4 54.787 7281.546 789622.125 23.5396

200
195
190
185
160
175
170
165
160
155
150
145
140
135
130
125
120
118
10
108

i
©
®

13835

15
10
B
0

01 2 3 4 5 6 7 8 91011 121314 1546 17 18 19 20 21 22 23 24 25 26 27 20 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 49 49 50 51 92 53 54 55 56 57 58 99 60
B8] iz

éo]z?

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 10.727 7568.125 118541.406 5.2823

2 13.835 84612.594 2125563.000 94.7177
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150
145
140
1359
130
125
120
115
110
108
100

o T

® s

@
2
10.047

s o
2543
>—BU nss

>—m4 445

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 45 S0 52 54 56 58 B0 B2 64 66 63 7O 72 74 76 75 80 82 84 86 5% 90 92 94 95 9% 100102104106103110
ATTE] (nin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 10.047 41847.223 635664.688 29.7358

25.643 9306.414 443756.438 20.7585

2
3 30.095 11551.470 616073.125 28.8193
4 104.445 2210.926 442217.000 20.6865

150
145
140
135
130
125
120
15
10
108
100

29882

o ow B
%ow

L W

0 2 4 B 8 1012 14 16 18 20 22 24 26 25 30 32 34 36 3% 40 42 44 46 45 50 52 S4 56 55 GO G2 B4 66 65 7O 72 F4 7S 75 8O 52 54 86 83 90 92 94 96 G5 100102104 106105110
AiE] fnin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 10.007 7981.455 107096.500 4.1231

2 29.882 47312.941 2490374.000 95.8769
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w
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e

s (nv)
&

01234567 891071 121314151617 181920 21 22 23 24 25 25 27 26 29 30 31 32 33 3435 36 37 39 30 40 41 42 43 44 45 46 47 46 49 50 51 52 53 54 55 56 57 56 59 60 61 62 63 64 65 66 67 60 69 70
B8] (uin)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 10.777 22769.932 382220.250 29.7858

13.533 16447.539 370783.469 28.8945

2
3 34.095 3796.958 247343.203 19.2750
4 64.427 2177.713 282883.813 22.0447

300
200
280
270
260
250
240
230
220
210
200
180
180
170
160

F180
Haa
130
120
110
100
0

50

™

&0

&0

40

30

20

10

01234567 8 81011121314151617 161820 21 22 2324 2526 27 28 29 30 31 32 33 3935 36 37 36 39 40 41 42 43 44 45 45 47 48 43 50 51 52 53 54 55 56 57 50 59 60 61 62 63 64 65 66 67 66 63 70
B8] (uin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 10.780 7374.627 132133.594 5.4149

2 13.542 99420.219 2308045.750 94.5851
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15
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_;—12915
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raciib

>32.105

>53 482

01234567 6 9101 121314151617161920 21 22 2324 2526 27 20 20 30 31 32 33 34 35 36 37 30 30 40 41 4243 44 45 46 47 48 49 50 51 52 53 54 95 56 57 50 50 60 61 62 63 64 65 66 67 63 69 70
B8] (nin)

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

10.202

19115.482

318351.344

25.4320

12.915

13626.677

314105.531

25.0928

32.105

4368.990

310297.344

24.7885

2
3
4

53.492

2848.239

309022.719

24.6867

12,900

001 234567 8 9101112131415 1617 15 1920 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 35 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 56 50 60 61 62 63 64 £5 65 67 63 69 70
FATE] (min)

Peak

RT(min.)

Height(mV*sec)

Area(mV)

Area(%)

1

10.198

18761.348

307689.375

6.7163

2

12.900

183749.000

4273513.500

93.2837
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- BocHM i
o

Br

e -]

[i] 5 m 15 20 2% 30 3F 40 45 S0 55 B0 BS 7 90 85 100 105 MO0 M5 120 125 130 135 140 145 150

0 75 &
B8] min)

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 15.990 17404.861 459610.719 32.0390

30.617 5493.610 456100.531 31.7943

2
3 37.255 3637.689 258973.391 18.0528
4 130.307 1037.633 259849.500 18.1139

IR (nv)

[ 5 M 15 20 25 30 3\ 40 45 S0 55 B0 6§ 0 85 80 95 100 105 110 11§ 120 125 130 135 140 145 1s0

w75 @
B8 (min)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 15.810 10907.018 262422.906 4.3448

2 30.155 80527.727 5777490.000 95.6552

S71




150
145
140
135
130
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EHJE ()
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E. llIJEs 73

EILN

012345678 9101M121314151617 16192021 222324252627 26 2030 31 3233 34 3530 37 30 304041 424344 4546 47 4649 5051525354 5556 57 505060 61 62 I B4 65 GEE7 B0 6ITO T 72737475

>55 023

Peak RT(min.) Height(mV*sec) Area(mV) Area(%)

1 5.973 56446.207 628841.875 21.4980

6.403 50191.805 637902.063 21.8077

2
3 34.363 8275.669 873569.938 29.8644
4 66.023 4499.655 784807.063 26.8299

600
780
780
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700
&80
680
640
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600
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80
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520
500
480
480
440
241
-5 400
% 380
360

6457

340
30
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200
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a0
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40 o
20
o]

012345678 91011121314151617 181920 21 22 2324 25 26 27 26 23 30 31 32 33 34 35 36 37 36 3940 41 4243 44 45 46 47 48 49 50 51 52 53 54 55 56 57 56 59 60 61 62 63 64 65 66 67 68 6370 717273 7475
B8] (uin)

Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)

1 6.035 20915.123 233090.297 4.4687

2 6.457 381159.969 4982919.500 95.5313
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19913
>24saa
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4 s 16
K18 tnim)

27 28 A

Peak

Height(mV*sec) Area(mV)

Area(%)

59255.160 800350.438

30.2949

14154.412 522517.906

19.7784

10648.048 495655.000

18.7616

~AlWIN

16890.541

823338.188

31.1651

s60
540
520
500
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460
440
420
400
380
380
340
_ a0
-5 300
w20
260
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220
200
180
160
140
120
100
an

0

40

20

MMz 13 4 15 18
B8] tmin)

Height(mV*sec) Area(mV)

Area(%)

240486.109 8729720.000

96.2862

7049.230 336708.281

3.7138
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- BosHH ] e
o e Br
160 0
gwsn N.
ﬁlzs rac CE:Ih-lb
A_A, i
o a 10 15 20 2 30 35 40 45 50 55 B0 B3 70 am‘a?;m; &0 80 85 100 105 110 115 120 125 130 135 140 145 150
Peak RT(min.) Height(mV*sec) Area(mV) Area(%)
1 9.893 39545.578 627360.375 29.6823
2 25.655 12707.087 598752.563 28.3288
3 30.875 6977.250 441629.469 20.8948
4 103.092 2086.019 445841.500 21.0941
\
a 5 10 15 20 2% 30 35 40 43 50 55 &0 B 70 w@??’"m) &0 5 a0 S 100 105 110 115 120 125 130 135 140 145 150
Peak RT(min.) Height(mV/*sec) Area(mV) Area(%)
1 9.865 19012.695 295170.750 6.1180
2 25.588 96067.805 4529464.500 93.8820
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