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1.0 General Information

All commercially available reagents were used without further purification unless otherwise stated.
Reactions were monitored by thin layer chromatography (TLC), column chromatography
purifications were carried out using silica gel. Proton nuclear magnetic resonance (lH NMR)
spectra were recorded on 300 MHz spectrometer in CDCl; and carbon nuclear magnetic resonance
(*C NMR) spectra were recorded on 75 MHz spectrometer in CDCl; using tetramethylsilane
(TMS) as internal standard. Data are presented as follows: chemical shift, integration, multiplicity
(s = singlet, d = doublet, dd = doublet of doublets, t = triplet, m = multiplet) and coupling constant
in Hertz (Hz). Infrared (IR) spectra were recorded on a FT-IR spectrometer. Optical rotations were
recorded on a Perkin-Elmer 341 polarimeter. HR-MS was measured with an APEX II 47¢ mass
spectrometer. The ee values determination was carried out using chiral high-performance liquid
chromatography (HPLC) with Daicel Chiracel AD-H column or Chiracel IA column on Waters
with a 2998 UV-detector and the dr values determined by 300 Hz 'H NMR. MTBE (methyl
tert-butyl ether) and other solvents (THF, Et,O, dichloromethane and toluene) were freshly
distilled from sodium before use.

Materials

Thiourea catalysts 1a, 1b, 1f were synthesized according to the procedures.' Thiourea catalyst 1c
was synthesized according to the procedures.” Thiourea catalyst 1e was synthesized according to
the procedures.'™ Thiourea catalyst 1d was synthesized according to the procedures.® Cupreine 1g
was synthesized according to the procedures.’ Isothiocyanato oxindoles 2a-2d were synthesized
by following the reported procedure in the literature.’

2.0 General Procedure for the Substrates

N7
T PhNHNH2 NN RCHO o)\fi

Mo/\ AcOH o NaAc,AcOH )
To the mixture of the ethyl 3-oxobutanoate (10 mmol, 1 equiv) and phenylhydrazine (10 mmol, 1
equiv) was added 2 mL glacial acetic acid. The resulting mixture was stirred at room temperature
for 2-4 h. After the reaction was completed, diethyl ether (20mL) was added and then filtered, the
residue was washed by diethyl ether to afford the purified pyrazolone. Then the above pyrazolone
(5.5 mmol, 1.1 equiv) was slowly added to the mixture of the corresponding aldehyde (5 mmol, 1
equiv) and sodium acetate in glacial acetic acid. The mixture was refluxed for 15-30 min. After the
reaction was completed, ethyl acetate (50 mL) was added. The precipitate was filtered and the
filtrate was washed with water (three times). The combined organic layers were dried over Na,SO4

and then concentrated in vacuo. The product was obtained after purified by flash column
chromatography on silica gel (petroleum ether /ethyl acetate 10:1) as red or yellow solid.

3.0 General Procedure for the Asymmetric Reaction of 2a to 3a

Ph
NCS NN
Cat.
+ _— >
e} o \ solvent R
N "
\ Ph ©\
Me
2a 3a
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3-Isothiocyanato-1-methylindolin-2-one 2a (0.1 mmol, 1 equiv) and catalyst 1a (0.01 mmol, 10
mol%) were dissolved in 1 mL MTBE, (Z)-4-benzylidene-3-methyl-1-phenyl-1H-pyrazol-5(4H)-
one 3a (0.11 mmol, 1.1 equiv) was added to the mixture at 0 °C. The mixture was stirred at the
same temperature until the reaction was completed monitored by TLC analysis. The crude product
was purified by flash chromatography on silica gel (petroleum ether/ ethyl acetate 2:1). Compound
4aa was obtained as a white solid.

4.0 Proposed Model for the Asymmetric Michael/Cyclization Sequence

Si face attacked

5.0 Elaboration of the Spirooxindole Products

Synthesis of compound 5

1) (Boc),0
DMAP

. BbwAaR
2) Hy0,
HCOOH

To a solution of (Boc),0 (65.4 mg, 0.3 mmol) and 4ba (54.2 mg, 0.1 mmol) in CH,Cl, (1 mL)
was added DMAP (0.6 mg, 0.005 mmol) at 0 °C. After stirring for 30 min, successively 30%
aqueous H,0, (0.42mL) and 98 % aqueous HCOOH (0.33 mL) was added. The resulting mixture
was stirred for another 12 h, then quenched with 1 M aqueous K,COj3 and extracted with CH,Cl,
(three times). The combined organic layers were dried over Na,SO,. After evaporation of solvent,
the product 5 was obtained after purified by flash column chromatography on silica gel (petroleum
ether /ethyl acetate 5:1).

Synthesis of compound 6

To 4ba (54.2 mg, 0. Immol) in CH,Cl, (1 mL) was added successively 30% aqueous H,O, (0.42
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mL) and 98 % aqueous HCOOH (0.33 mL) at 0 °C . The resulting mixture was stirred for 4 h and
then quenched with 1 M aqueous K,COj; and extracted with CH,Cl, (three times). The combined
organic layers were dried over Na,SO,. After evaporation of solvent, the product 6 was obtained
after purified by flash column chromatography on silica gel (petroleum ether /ethyl acetate 2:1).

Synthesis of compound 7

To mixture of 4ba (54.2 mg, 0.1 mmol) and anhydrous K,CO3 (15.3 mg, 0.11 mmol) in 2 mL
acetone was added CH;I (6.9 uL, 0.11 mmol) at 0 °C. The reaction was stirred overnight and then
concentrated in vacuo. The residue mixture was purified by flash column chromatography on
silica gel (petroleum ether /ethyl acetate 4:1) to give compound 7 as white solid.

6.0 Characterization Data

Compound 4aa:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 96% yield; mp = 143-145°C; [a] p’’= -16 ( ¢ 1.0, CHCL3). '"H NMR (300 MHz, CDCl3) &
8.77 (s, 1H), 7.86 (d, J = 7.9 Hz, 2H), 7.69 (d, J = 7.3 Hz, 1H), 7.39 — 7.33 (m, 3H), 7.20 — 7.08
(m, 5H), 6.91 (d, J=6.9 Hz, 2H), 6.76 (d, J= 7.8 Hz, 1H), 4.90 (s, 1H), 3.10 (s, 3H), 2.55 (s, 3H).
C NMR (75 MHz, CDCly) & 197.82, 173.31, 171.36, 158.77, 143.11, 137.56, 131.37, 130.80,
128.96, 128.85, 128.60, 127.77, 126.23, 125.47, 124.48, 124.26, 119.16, 109.04, 77.50, 73.55,
61.28, 26.72, 17.04. IR (KBr): 3286, 2926, 2853, 1720, 1643, 1613, 1496, 1472, 1368, 1128, 739
cm'lg HRMS calcd for Cy7H,,N4NaO,S [M+ Na] . 489.1356, found: 489.1350.

Compound 4ab:

4ab

The ee value determination was carried out using chiral high-performance liquid chromatography
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(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 93% yield; mp = 144-145°C; [o] p*° = +50 ( ¢ 1.0, CHCL). '"H NMR (300 MHz, CDCl;) &
7.98 —7.95 (m, 2H), 7.72 (d, J = 7.0 Hz, 1H), 7.41 — 7.32 (m, 3H), 7.19 — 7.10 (m, 4H), 6.86 (d, J = 7.8
Hz, 1H), 6.78 — 6.73 (m, 1H), 6.63 (d, J = 8.0 Hz, 1H), 5.22 (s, 1H), 3.33 (s, 3H), 3.30 (s, 3H), 2.12 (s,
3H). C NMR (75 MHz, CDCl3) & 198.26, 174.21, 172.63, 158.29, 157.34, 143.38, 138.17, 131.28,
129.36, 128.86, 126.81, 125.44, 125.06, 124.77, 124.04, 120.30, 120.10, 118.41, 110.25, 109.06, 76.79,
72.36,54.91, 52.19, 26.98, 16.46. IR (KBr): 3232, 2962, 2933, 1724, 1613, 1495, 1470, 1369, 1254,
1124, 752 cm'l; HRMS calcd for CpgH,4N4NaO3S [M+ Na] ":519.1461, found: 519.1467.

Compound 4ac:

4ac

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 91% ee). White
solid, 93% yield; mp = 129-131°C; [a] p*° = -13 ( ¢ 1.0, CHCl3). '"H NMR (300 MHz, CDCl;) § 8.63
(s, IH), 7.88 (d, J=7.7 Hz, 2H), 7.70 (d, J = 7.1 Hz, 1H), 7.40 — 7.35 (m, 3H), 7.18 (t, J = 7.5 Hz, 2H),
7.01 (t, J = 8.0 Hz, 1H), 6.79 (d, J = 7.7 Hz, 1H), 6.68 (dd, J = 8.2, 2.3 Hz, 1H), 6.48 (d, J = 8.1 Hz,
1H), 6.43 (d, J = 1.9 Hz, 1H), 4.89 (s, 1H), 3.54 (s, 3H), 3.12 (s, 3H), 2.54 (s, 3H). °C NMR (75 MHz,
CDCl3) 6 197.73, 173.26, 171.37, 159.61, 158.83, 143.17, 137.57, 132.26, 131.40, 129.97, 128.86,
126.23, 125.48, 124.52, 124.26, 119.71, 119.14, 114.48, 112.86, 109.03, 77.39, 73.36, 61.00, 54.99,
26.73, 17.06. IR (KBr): 3236, 2960, 2933, 1725, 1611, 1495, 1472, 1371, 1269, 1161, 754, 737,
692 cm'l; HRMS calcd for CysH4N4NaO3S [M+ Na] ©:519.1461, found: 519.1465.

Compound 4ad:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 95% yield; mp = 153-154°C; [0] p™° = -6 ( ¢ 1.0, CHCl;). 'H NMR (300 MHz, CDCl3) &
8.62 (s, 1H), 7.85 (d, J = 7.9 Hz, 2H), 7.69 (d, J = 7.3 Hz, 1H), 7.38 — 7.32 (m, 3H), 7.17 (t, J =
7.5 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 7.8 Hz, 1H), 6.61 (d, J = 8.8 Hz, 2H), 4.82 (s,
1H), 3.65 (s, 3H), 3.08 (s, 3H), 2.60 (s, 3H). *C NMR (75 MHz, CDCl;) 5 198.15, 173.44, 171.39,
159.55, 158.69, 143.11, 137.55, 131.26, 129.40, 128.82, 126.36, 125.41, 124.39, 124.20, 122.29,
119.09, 114.23, 108.96, 77.73, 73.74, 61.61, 55.12, 26.70, 17.04. IR (KBr): 3242, 2932, 1724,
1613, 1495, 1473, 1370, 1257, 755, 738 cm™; HRMS caled for CosHyNyNaOsS [M+ Na]
519.1461, found: 519.1462.
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Compound 4ae:

4ae

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 99% ee). White
solid, 90% yield; mp = 134-135°C; [a] p*° = +7 ( ¢ 1.0, CHCl3). 'H NMR (300 MHz, CDCl;) § 8.58
(s, 1H), 7.81 (dd, J= 7.4, 3.6 Hz, 3H), 7.68 (d, J= 7.3 Hz, 1H), 7.34 (t, J= 7.9 Hz, 3H), 7.19 — 7.10 (m,
5H), 6.71 (d, J = 7.7 Hz, 1H), 5.78 (s, 1H), 3.07 (s, 3H), 2.68 (s, 3H). >*C NMR (75 MHz, CDCl;) &
198.38, 173.66, 170.85, 157.49, 142.88, 137.50, 135.67, 131.31, 130.32, 130.05, 129.97, 128.78,
127.94, 126.87, 125.32, 125.28, 124.14, 119.05, 108.91, 77.21, 74.26, 56.20, 26.75, 16.94. IR (KBr):
3244, 2926, 1723, 1613, 1495, 1474, 1371, 1351, 1159, 752 cm’'; HRMS caled for
C,7H,,CINgNaO,S [M+ Na] 1 523.0966, found: 523.0965.

Compound 4af:

4af

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 95% ee). White
solid, 90% yield; mp = 155-157°C; [a] p" = -6 ( ¢ 1.0, CHCl;). '"H NMR (300 MHz, CDCL;) 5 8.72
(s, 1H), 7.85 (d, J= 7.8 Hz, 2H), 7.70 (d, J = 7.3 Hz, 1H), 7.38 (t, J = 7.9 Hz, 3H), 7.22 — 7.16 (m, 2H),
7.10 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 7.7 Hz, 1H), 4.84 (s, 1H), 3.11 (s, 3H),
2.58 (s, 3H). C NMR (75 MHz, CDCl;) § 197.62, 173.11, 171.12, 158.35, 143.02, 137.41, 134.82,
131.55, 129.44, 129.20, 129.14, 128.89, 125.92, 125.59, 124.44, 124.40, 119.11, 109.15, 77.40, 73.50,
61.01, 26.79, 17.04. IR (KBr): 3235, 2959, 2930, 1725, 1613, 1496, 1474, 1371, 1096, 754, 738
cm'lg HRMS calcd for Cy7H,;CINgNaO,S [M+ Na] 1 523.0966, found: 523.0965.

Compound 4ag:

4ag

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 96% yield; mp = 143-144°C; [0] p™° = -8 ( ¢ 1.0, CHCl;). 'H NMR (300 MHz, CDCl3) &
8.61 (s, 1H), 7.89 — 7.86 (m, 2H), 7.69 (d, J = 7.0 Hz, 1H), 7.39 — 7.33 (m, 3H), 7.17 (t, J= 7.5 Hz,
2H), 6.91 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 8.2 Hz, 2H), 6.77 (d, J = 7.8 Hz, 1H), 4.87 (s, 1H), 3.12
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(s, 3H), 2.56 (s, 3H), 2.18 (s, 3H). °C NMR (75 MHz, CDCl3) 5 198.03, 173.41, 171.40, 158.75,
143.14, 138.47, 137.59, 131.30, 129.63, 128.82, 127.75, 127.56, 126.33, 125.40, 124.45, 124.21,
119.13, 108.99, 77.62, 73.53, 61.34, 26.71, 20.94, 17.03. IR (KBr): 3237, 2926, 1724, 1613, 1495,
1474, 1371, 1351, 754, 737 cm'l; HRMS calcd for CygH,4N4NaO,S [M+ Na] . 503.1512, found:
503.1511.

Compound 4ah:

4ah

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 95% ee). White
solid, 81% yield; mp = 132-133°C; [0] p°° = -10 ( ¢ 1.0, CHCl5). '"H NMR (300 MHz, CDCl;) & 7.89
—17.86 (m, 2H), 7.71 (d, J= 7.1 Hz, 1H), 7.42 — 7.36 (m, 3H), 7.27 (d, J = 3.4 Hz, 1H), 7.25 — 7.14 (m,
3H), 6.82 (dd, J =10.4, 8.2 Hz, 3H), 4.84 (s, 1H), 3.13 (s, 3H), 2.59 (s, 3H). °C NMR (75 MHz, CDCl5)
8 197.59, 173.10, 171.10, 158.32, 143.02, 137.41, 132.16, 131.55, 129.71, 129.69, 128.88, 125.90,
125.59, 124.45, 124.41, 123.04, 119.11, 109.15, 77.33, 73.41, 61.03, 26.78, 17.04. IR (KBr): 3247,
2956, 2926, 1723, 1613, 1495, 1472, 1370, 1351, 1128, 754 cm’'; HRMS caled for
C,7H, BrN4NaO,S [M+ Na] ™: 567.0461, found: 567.0464.

Compound 4ai:

4ai

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 95% ee). White
solid, 87% yield; mp = 141-143°C; [o] p>° = -21 ( ¢ 1.0, CHCL;). 'H NMR (300 MHz, CDCl;)  8.61
(s, 1H), 7.85 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 7.3 Hz, 1H), 7.40 — 7.35 (m, 3H), 7.19 (dd, J=13.7, 7.2
Hz, 2H), 6.97 — 6.92 (m, 2H), 6.80 (dd, J = 16.6, 8.1 Hz, 3H), 4.85 (s, 1H), 3.10 (s, 3H), 2.61 (s, 3H).
C NMR (75 MHz, CDCl;) & 197.82, 173.17, 171.16, 164.31, 161.01, 158.39, 143.04, 137.44, 131.48,
130.06, 129.95, 128.87, 126.39, 126.34, 126.02, 125.55, 124.41, 124.36, 119.10, 116.14, 115.85,
109.06, 77.25, 73.65, 61.24, 26.71, 17.03. IR (KBr): 3228, 2960, 2927, 1721, 1612, 1496, 1474,
1369, 1236, 1160, 756, 738 cm‘l; HRMS calcd for C,7H,1FN4NaO,S [M+ Na] *507.1261, found:
507.1262.

Compound 4aj:

4aj

The ee value determination was carried out using chiral high-performance liquid chromatography
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(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 87% yield; mp = 131-133°C; [a] p™ = -3 ( ¢ 1.0, CHCl;). '"H NMR (300 MHz, CDCl;) & 8.55
(s, 1H), 7.89 — 7.86 (m, 2H), 7.70 (d, J = 7.1 Hz, 1H), 7.40 — 7.15 (m, 3H), 7.18 (t, J = 7.7 Hz, 2H),
6.87 (d, J=7.9 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.72 (dd, J = 7.9, 1.7 Hz, 1H), 6.64 (s, 1H), 4.85 (s,
1H), 3.14 (s, 3H), 2.55 (s, 3H), 2.08 (s, 3H), 2.01 (s, 3H). *C NMR (75 MHz, CDCl5)  198.07, 173.50,
171.49, 158.83, 143.17, 137.60, 137.09, 131.26, 130.10, 129.31, 128.82, 127.96, 126.39, 125.41,
124.87, 124.48, 124.19, 119.20, 108.95, 77.67, 73.46, 61.20, 26.69, 19.74, 19.27, 17.04. IR (KBr):
3233, 3060, 2927, 1726, 1613, 1497, 1474, 1371, 1351, 1267, 737, 694 cm™; HRMS caled for
C1oH26N4NaO,S [M+ Na] : 517.1669, found: 517.1666.

Compound 4ak:

4ak

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 96% ee). White
solid, 86% yield; mp = 112-113°C; [a] p™° = -3 ( ¢ 1.0, CHCI;). 'H NMR (300 MHz, CDCl;) & 8.40
(s, 1H), 7.93 (d, J = 8.2 Hz, 2H), 7.66 (d, J = 7.4 Hz, 1H), 7.40 (t, J = 7.8 Hz, 3H), 7.19 (q, J = 7.0 Hz,
3H), 6.85 (d, J="7.9 Hz, 1H), 6.22 — 6.04 (m, 1H), 5.94 (t, J = 4.3 Hz, 1H), 4.91 (s, 1H), 3.19 (s, 3H),
2.42 (s, 3H). °C NMR (75 MHz, CDCl;) § 197.30, 172.81, 171.10, 158.80, 144.75, 143.39, 143.00,
137.64, 131.46, 128.88, 126.04, 125.44, 124.57, 124.19, 119.09, 110.59, 108.94, 108.59, 75.72, 71.97,
54.17,26.79, 16.46. IR (KBr): 3228, 2958, 2927, 1728, 1614, 1497, 1474, 1370, 1318, 1155, 738,
693 cm'l; HRMS calcd for Cy5sH;oN4NaO3S [M+ Na] 1 479.1148, found: 479.1144.

Compound 4al:

4al

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 92% ee). White solid,
85% yield; mp = 148-149°C; [a] p° = -4 ( ¢ 1.0, CHCl;). '"H NMR (300 MHz, CDCL;) 5 8.61 (s, 1H),
7.86 (d, J = 7.9 Hz, 2H), 7.77 (d, J = 7.3 Hz, 1H), 7.70 — 7.67 (m, 1H), 7.62 — 7.58 (m, 2H), 7.45 (s,
1H), 7.42 —7.33 (m, 5H), 7.18 (dt, J = 11.6, 7.4 Hz, 2H), 7.07 (dd, J=8.7, 1.8 Hz, 1H), 6.74 (d,J=7.8
Hz, 1H), 5.08 (s, 1H), 3.11 (s, 3H), 2.62 (s, 3H). *C NMR (75 MHz, CDCl;) § 197.94, 173.46, 171.39,
158.66, 143.15, 137.52, 132.97, 132.86, 131.42, 128.84, 128.81, 128.07, 127.68, 127.41, 126.72,
126.50, 126.23, 125.49, 125.19, 124.51, 124.31, 119.19, 109.06, 77.67, 73.56, 61.78, 26.73, 17.12. IR
(KBr): 3235, 2957, 2925, 1724, 1612, 1496, 1474, 1370, 1317, 1156, 1130,753 cm™'; HRMS calcd
for C3;H,4N4NaO,S [M+ Na] :539.1512, found: 539.1515.
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Compound 4an:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 75: 25, 1.0 mL/min, 11% ee). White
solid, 82% yield; mp =189-190°C; 'H NMR (300 MHz, CDCl3) & 8.02 (d, J = 7.2 Hz, 2H), 7.87 (d,
J=7.7Hz, 2H), 7.39 (q, J="7.8 Hz, 3H), 7.17 (dt, J = 18.9, 7.5 Hz, 2H), 6.84 (d, J = 7.8 Hz, 1H),
3.19 (s, 3H), 2.46 (s, 3H), 1.42 (s, 3H), 1.17 (s, 3H). *C NMR (75 MHz, CDCl;) 5 198.52, 175.18,
170.24, 158.52, 143.49, 137.51, 130.73, 128.86, 128.25, 125.61, 125.40, 123.16, 119.25, 108.58,
79.78, 77.74, 49.60, 27.22, 27.08, 26.97, 18.40. IR (KBr): 3228, 2926, 1716, 1611, 1494, 1351,
1271, 756cm‘1; HRMS calcd for Cp3H,,N4NaO,S [M+ Na] 1 441.1356, found: 441.1356.

Ph
SONN,
: /N
HN
O
N
Bn

4ba

Compound 4ba:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 96% yield; mp = 145-146°C; [o] p°° = -68 ( ¢ 1.0, CHCl3). 'H NMR (300 MHz, CDCl;) & 7.88
(d, J=7.8 Hz, 2H), 7.73 (d, J=7.3 Hz, 1H), 7.36 (t, J = 7.9 Hz, 2H), 7.27 - 7.21 (m, 2H), 7.19 (dd, J =
7.1, 6.0 Hz, 5H), 7.13 — 7.07 (m, 2H), 6.96 (d, J = 7.6 Hz, 2H), 6.78 (d, J = 6.5 Hz, 2H), 6.58 (d, J =
7.5 Hz, 1H), 5.09 (d, J = 15.8 Hz, 1H), 4.95 (s, 1H), 4.48 (d, J = 15.8 Hz, 1H), 2.67 (s, 3H). °*C NMR
(75 MHz, CDCl;) 6 198.04, 173.22, 171.25, 158.68, 142.50, 137.59, 134.32, 131.33, 130.52, 129.11,
128.85, 128.76, 128.47, 127.72, 126.89, 126.21, 125.45, 124.60, 124.27, 119.11, 110.03, 73.86, 62.10,
44.38,17.15. IR (KBr): 3282, 2924, 2854, 1721, 1645, 1613, 1493, 1469, 1362, 748 cm’™'; HRMS
calced for C33H6N4NaO,S [M+ Na] 1 565.1669, found: 565.1671.

Compound 4be:

4be

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 91% ee). White solid,
72% yield; mp = 149-150°C; [o] p>° = -50 ( ¢ 1.0, CHCL;). 'H NMR (300 MHz, CDCL;) & 8.45 (s,
1H), 7.87 — 7.82 (m, 2H), 7.69 (d, J = 7.2 Hz, 1H), 7.35 (t, J = 7.8 Hz, 3H), 7.27 — 7.23 (m, 1H), 7.20 —
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7.07 (m, 9H), 6.72 (d, J = 7.1 Hz, 2H), 6.54 (d, J = 7.5 Hz, 1H), 5.88 (s, 1H), 5.11 (d, J = 15.9 Hz, 1H),
4.46 (d, J = 15.9 Hz, 1H), 2.77 (s, 3H). >C NMR (75 MHz, CDCl;) & 198.38, 173.54, 170.78, 157.50,
142.26, 137.54, 135.80, 134.26, 131.32, 130.56, 130.35, 130.06, 128.82, 128.79, 127.97, 127.68,
127.17, 126.60, 125.57, 125.35, 125.32, 124.12, 119.04, 109.85, 77.37, 74.26, 56.50, 44.28, 17.00. IR
(KBr): 3250, 2925, 1722, 1612, 1492, 1367, 1163, 750, 697 cm'; HRMS calcd for
C;33H,5CINgNaO,S [M+ Na] :599.1279, found: 599.1280.

Compound 4bf:

4bf

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 90% ee). White solid,
96% yield; mp = 138-139°C; [a] p>° = -60 ( ¢ 1.0, CHCL;). 'H NMR (300 MHz, CDCL;) & 8.83 (s,
1H), 7.85 (d, J = 7.9 Hz, 2H), 7.72 (d, J = 7.1 Hz, 1H), 7.36 (t, J = 7.9 Hz, 2H), 7.28 — 7.15 (m, 6H),
7.05 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 6.1 Hz, 2H), 6.61 (d, J = 7.6 Hz, 1H),
5.09 (d, J = 15.8 Hz, 1H), 4.87 (s, 1H), 4.45 (d, J = 15.8 Hz, 1H), 2.70 (s, 3H). *C NMR (75 MHz,
CDCl;) & 197.85, 172.98, 171.02, 158.31, 142.44, 137.44, 135.04, 134.21, 131.49, 130.08, 129.32,
128.87, 127.90, 126.82, 125.93, 125.58, 124.56, 124.39, 119.08, 110.05, 77.34, 73.86, 61.83, 44.37,
17.17. IR (KBr): 3257, 2925, 2855, 1723, 1612, 1494, 1470, 1366, 1157, 753, 735 cm™'; HRMS
calcd for C33H,5CINgNaO,S [M+ Na] :599.1279, found: 599.1286.

Compound 4bm:

4bm

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 70: 30, 1.0 mL/min, 80% ee). White solid,
82% yield; mp = 126-128°C; [a] p™° = -45 ( ¢ 1.0, CHCL). '"H NMR (300 MHz, CDCl;) & 8.55 (s,
1H), 7.88 (d, J = 7.9 Hz, 2H), 7.74 (d, J = 6.9 Hz, 1H), 7.38 (t, J = 7.9 Hz, 2H), 7.29 (d, J = 7.8 Hz,
1H), 7.20 (dd, J=10.2, 4.4 Hz, 6H), 7.02 (dd, J=10.3, 5.1 Hz, 2H), 6.87 (d, J = 6.6 Hz, 3H), 6.64 (d, J
= 7.6 Hz, 1H), 5.09 (d, J = 15.8 Hz, 1H), 4.89 (s, 1H), 4.52 (d, J = 15.8 Hz, 1H), 2.69 (d, J = 3.6 Hz,
3H). C NMR (75 MHz, CDCl3) & 197.67, 172.98, 170.96, 158.18, 142.48, 137.44, 134.90, 134.25,
132.46, 131.57, 130.35, 129.13, 128.92, 128.87, 128.62, 127.85, 126.83, 126.80, 125.82, 125.59,
124.53, 124.43, 119.15, 110.13, 77.22, 73.61, 61.48, 44.45, 17.09. IR (KBr): 3242, 2926, 1723, 1612,
1492, 1368, 1179, 754, 736, 694 cm™'; HRMS calcd for C33HasCIN,NaO,S [M+ Na] *: 599.1279,
found: 599.1280.
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Compound 4ca:

Ph
SONN,
- /N
HN
(e}
N\/\

4ca

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 60: 40, 1.0 mL/min, 98% ee). White solid,
86% yield; mp = 103-105°C; [a] p™ = -16 ( ¢ 1.0, CHCL). '"H NMR (300 MHz, CDCl;) & 8.69 (s,
1H), 7.90 — 7.87 (m, 2H), 7.71 (d, J = 6.9 Hz, 1H), 7.39 — 7.33 (m, 3H), 7.21 — 7.07 (m, 5H), 6.92 (d, J
=7.2 Hz, 2H), 6.77 (d, J = 7.8 Hz, 1H), 4.90 (s, 1H), 3.74 — 3.64 (m, 1H), 3.41 —3.31 (m, 1H), 2.63 (s,
3H), 1.51 — 1.36 (m, 2H), 0.75 (t, J = 7.4 Hz, 3H). °C NMR (75 MHz, CDCl;) § 197.94, 173.00,
171.27, 158.75, 142.85, 137.59, 131.31, 130.64, 128.88, 128.83, 128.66, 128.10, 126.33, 125.42,
124.64, 124.02, 119.08, 109.18, 77.41, 73.66, 61.80, 42.26, 20.49, 17.10, 11.30. IR (KBr): 3239, 2964,
2930, 1721, 1612, 1496, 1468, 1367, 752cm‘1; HRMS calcd for CyoHysN4sNaO,S [M+ Na] .
517.1693, found: 517.1677.

Compound 4da:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 70: 30, 1.0 mL/min, >99% ee). White
solid, 88% yield; mp = 140-142°C; [o] p°° = -31 ( ¢ 1.0, CHCl3). 'H NMR (300 MHz, CDCl;) & 8.48
(s, 1H), 7.91 (dd, J = 8.7, 1.0 Hz, 2H), 7.50 (s, 1H), 7.41 — 7.36 (m, 2H), 7.21 — 7.09 (m, 5H), 6.92 —
6.89 (m, 2H), 6.69 (d, J = 7.9 Hz, 1H), 4.91 (s, 1H), 3.11 (s, 3H), 2.54 (s, 3H), 2.36 (s, 3H). °C NMR
(75 MHz, CDCl;) 6 197.78, 173.20, 171.43, 158.85, 140.70, 137.60, 134.25, 131.67, 130.93, 128.95,
128.85, 128.54, 127.68, 126.23, 125.46, 125.06, 119.11, 108.87, 73.54, 61.10, 26.74, 21.06, 17.01. IR
(KBr): 3232, 2959, 2926, 1724, 1599, 1499, 1360, 1265, 1243, 1107, 736, 695 cm™'; HRMS calcd
for CogH24N4NaO,S [M+ Na] ™: 503.1512, found: 503.1504.

Compound 5:

Bn

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column (hexane: 2-propanol = 60: 40, 1.0 mL/min, 99% ee). White solid,
86% yield; mp = 99-101°C; [a] p>° = -17 ( ¢ 1.0, CHCL3). 'H NMR (300 MHz, CDCL;)  7.85 — 7.82
(m, 2H), 7.66 — 7.63 (m, 1H), 7.37 — 7.32 (m, 2H), 7.28 — 7.16 (m, 5H), 7.13— 7.08 (m, 4H), 6.97 (d, J
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=17.5 Hz, 2H), 6.57 (d, J = 7.2 Hz, 2H), 6.50 — 6.47 (m, 1H), 5.17 (d, J = 16.0 Hz, 1H), 4.66 (s, 1H),
429 (d, J = 15.9 Hz, 1H), 2.82 (s, 3H), 1.18 (s, 9H). >C NMR (75 MHz, CDCl;) & 173.83, 169.77,
165.65, 156.95, 147.27, 142.83, 137.37, 134.35, 130.29, 129.58, 129.35, 129.08, 129.05, 128.78,
128.69, 127.43, 126.59, 125.47, 123.76, 122.50, 118.94, 109.59, 85.16, 70.55, 70.24, 58.46, 44.30,
27.46, 17.68. IR (KBr): 3336, 2979, 2930, 1790, 1729, 1708, 1360, 1298, 1249, 1140, 750cm;
HRMS calcd for C3gH34N4NaOs [M+ Na] ": 649.2421, found: 649.2438.

Compound 6:

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 60: 40, 1.0 mL/min, 99% ee). White
solid, 98% yield; mp = 130-132°C; [a] p>° = +3 ( ¢ 1.0, CHCl3). 'H NMR (300 MHz, CDCl;) & 7.88
(d, J=7.7 Hz, 2H), 7.75 — 7.72 (m, 1H), 7.36 (t, J = 8.0 Hz, 2H), 7.22 — 7.14(m, 7H), 7.12 — 7.07 (m,
2H), 6.93 (d, J = 7.6 Hz, 2H), 6.73 — 6.71 (m, 2H), 6.56 — 6.53 (m, 1H), 5.08 (d, J = 15.9 Hz, 1H), 4.85
(s, 1H), 4.45 (d, J = 15.9 Hz, 1H), 2.72 (s, 3H). °C NMR (75 MHz, CDCls) § 174.69, 170.66, 169.34,
157.74, 142.57, 137.60, 134.41, 131.06, 130.88, 129.02, 128.78, 128.63, 128.47, 127.58, 127.37,
126.78, 125.34, 124.23, 124.08, 118.86, 109.87, 69.37, 67.19, 60.39, 44.24, 17.63. IR (KBr): 3265,
2925, 2864, 1729, 1612, 1495, 1364, 1266, 748, 6950m'1; HRMS calcd for C33HyN4sNaO; [M+
Na] *: 549.1897, found: 549.1904.

Compound 7:

—$ON,
7
N/
L5
O
N
Bn
7

The ee value determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel AD-H column (hexane: 2-propanol = 60: 40, 1.0 mL/min, 96% ee). White
solid, 98% yield; mp = 188-189°C; [0 p™° =+37 ( ¢ 1.0, CHCl3). 'H NMR (300 MHz, CDCly) §
7.97 (d,J=17.7 Hz, 2H), 7.60 (d, J = 6.6 Hz, 1H), 7.42 (t, J = 8.0 Hz, 2H), 7.26 — 7.13 (m, 7H), 7.07 (t,
J=17.5Hz, 2H), 6.99 — 6.96 (m, 2H), 6.90 (d, J = 7.6 Hz, 2H), 6.69 (d, J = 7.6 Hz, 1H), 5.19 (d, J =
15.8 Hz, 1H), 4.94 (s, 1H), 4.58 (d, J = 15.8 Hz, 1H), 2.60 (s, 3H), 2.50 (s, 3H). *C NMR (75 MHz,
CDCl;) 6 173.95, 171.59, 171.09, 158.60, 142.73, 137.72, 134.98, 132.29, 130.19, 130.07, 128.98,
128.92, 128.77, 127.96, 127.94, 127.60, 127.14, 125.57, 124.36, 123.75, 118.94, 109.58, 84.85, 77.94,
63.68,44.21, 17.36, 13.98. IR (KBr): 3389, 3061, 2928, 1718, 1571, 1498, 1358, 1176, 753cm™;
HRMS calcd for C34H,5N4NaO,S [M+ Na] . 579.1825, found: 579.1838.

Ph
N
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Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pr°

v/°

Volume/A®

Z

pcalcmg/mm3

m/mm’’

F(000)

Crystal size/mm’

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~
Flack parameter
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C34H2sN4O,S

556.66

293.04(10)

orthorhombic

P2:212;

8.0892(3)

18.1126(16)

19.1621(7)

90.00

90.00

90.00

2807.6(3)

4

1.317

0.154

1168.0

0.2 x0.08 x 0.06

6.2 to 51.36°
-6<h<9,-22<k<11,-23<1<20
6101

4415[R(int) = 0.0242]
4415/0/372

1.094

R;=0.0464, wR, = 0.0949
R, =0.0575, wR, =0.1028
0.14/-0.21

0.02(10)
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9.0 Copies of HPLC Spectra of Racemic and Chiral Products

daa
0.40—
0.304
2 0.20 §
M
0.00—
0.0‘ ‘ ‘2.(‘)0‘ ‘ ‘4.%)0‘ ‘ ‘6.(‘)0‘ ‘ ‘8.(‘)0‘ ‘ ‘10,‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘ ‘22.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.195 6006199 | 50.95 | 395620 bV
2 14.888 5782300 | 49.05 | 102363 bb
0.15j
0.10—?
21
0.05-]
0400:‘ - B, — e ——
0.00 2.(‘)0 4.(‘)0 6.‘00 8.60 10,‘00 12.‘00 14.‘00 16,‘00 18.‘00 20.‘00 22.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.231 2601006 | 100.00 | 149490 bb
4ab
0.10
2 005 8
0.00 &Q
0.4 5,‘00 ' 10.‘00 ' ' 15.‘00 ' ' 20.‘00 ' 25,‘00 ' ' ' ' 30.00 ' '
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 5.614 2581845 | 49.39 | 107213 wW
2 25.930 2645683 | 50.61 | 25129 bb
0‘155 o
010*:
2
0.05]
ooo—f
0.00 ‘ 5.60 ‘10.‘00‘ ‘15.‘00‘ ‘20‘00‘ ‘25,‘00‘ ‘30.‘00‘ ‘35.‘00‘
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 5.621 3324475 | 100.00 | 166480 A%
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dac
©
8
3
0.0‘ ‘ ‘2.(‘)0‘ ‘ ‘4.})0‘ ‘ ‘6.60‘ ‘ ‘8.60‘ ‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘ ‘22.‘00‘ ‘ ‘24.‘00
Minutes
Entry | Retention Time | Area | % Area | Height | Int Type
1 5.802 601436 | 51.89 | 32252 bb
2 19.636 557712 | 48.11 7749 bb
2 0.10;
< 1 ~
3
3
o.oo;““““““H“HH“HH“H/‘*\H‘H
0.00 2.‘00 4.60 6.60 8.(‘)0 10.‘00 12.‘00 14.‘00 16.‘00 18.‘00 20.‘00 22.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.766 3346699 | 95.71 | 183925 A%
2 19.947 150133 4.29 3416 bb
4ad
2 0,02; é‘
0.00; N /\
0400‘ ‘ ‘2,60‘ ‘ ‘4460‘ ‘ ‘6,(‘)0‘ ‘ ‘8,60‘ ‘ ‘10,‘00‘ ‘ ‘124‘00‘ ‘ ‘14,‘00‘ ‘ ‘16,‘00‘ ‘ ‘184‘00‘ ‘ ‘20,‘00‘ ‘ ‘22,‘00‘
Minutes
Entry | Retention Time | Area | % Area | Height | Int Type
1 6.287 663361 | 50.95 | 35439 bb
2 16.061 638542 | 49.05 | 9124 bb
‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘ ‘22.‘00
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 6.256 5553907 | 100.00 | 288732 Vb
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dae
0.15-
0.10 "
2 =
0.057 8
0.00- M
' ' C 5.‘00 C ' ' 10.‘00 ' ' ' 15‘00 ' ' ' 20.‘00 ' ' ' 25.‘00 ' C ' 30‘00 ' ' '
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.306 3502016 | 49.56 | 147517 bb
2 26.165 3563554 | 50.44 | 34869 | bb
0.40-{
2 0.20 Q
0.00 ‘;\‘M
0.00 5.(‘)0 ' 10.‘00 ' ' 15.‘00 ' ' 20‘00 ' ' 25.‘00 ' ' ' ' 30.‘00 '
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.321 12505185 | 99.67 | 514399 Vv
2 26.543 41860 0.33 1691 bb
4af
0.20 s
5 3
< -
0.104 /\
0.00— —
0.00 2.‘00 4,‘00 6.60 ‘ 8.60 ‘ ‘ 10.‘00 ‘ ‘ 12,‘00 ‘ ‘ 14.‘00 ‘ T 16.‘00 ‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.951 5203534 | 50.02 | 269891 bb
2 14.391 5199770 | 49.98 | 100069 bb
0.20
2 010
0.00 2.(‘]0 A.l‘)D 6.(‘)0 Bbo 10.‘00 12.‘00 14.‘00 16‘00 18‘00
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 5.876 3916169 | 97.51 | 209593 bb
2 14.260 99988 2.49 3293 bb
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4ag
0.06—
0.04- 3
2 B
0.02-] /\
0.00—
0.00 Y 2(‘)0 460 6.‘00 ' 8.‘00 s ‘10.‘00‘ ' ‘12.‘00‘ ' ‘14.‘00‘ ' ‘15‘00‘ ' ‘18‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.242 1129687 | 50.06 | 64884 BV
2 13.585 1126857 | 49.94 | 20399 Bb
0.20
2 0.10
0.00-
0.00 2.00 A‘OO B.‘OO ' ‘10.‘00‘ ' ‘12.‘00‘ ' ‘1A.‘UO‘ ' ‘16.‘00‘ ' ‘18‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.205 3462236 | 100.00 | 223280 Bb
4ah
0.20
0.15—?
: g
2 0.0 5
0.00*:
0.1 0‘ ‘ ‘2.(‘)0‘ ‘ ‘4.(‘)0‘ ‘ ‘6.(‘)0‘ ‘ ‘8.00‘ ‘ ‘10‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.160 5158061 | 50.97 | 192870 bb
2 15.149 4961777 | 49.03 | 66213 bb
0.507
0.40;
2 ]
0.20 §
] 9
0.00 2.‘00 4.‘00 5.50 8.(‘)0 10.‘00 12.‘00 14,‘00 16.‘00 18.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.154 14980040 | 97.51 | 573129 bb
2 15.109 382820 2.49 10739 bb

S18



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

4ai
0.10 §
p 3
2]
0,0577
0.007“‘“““““““““““““‘
0.00 24(‘)0 4,60 64(‘)0 8,60 104‘00 12,‘00 144‘00 15,‘00 184‘00 20,‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.399 3307961 | 49.08 | 132947 bb
2 14.385 3432579 | 50.92 | 61998 bb
1.50—
2 1.00+
0.50 5
3
0.0G“““““““‘“““““““‘
0.00 2.(‘)0 4.(‘)0 6.(‘)0 8.‘00 10.‘00 12.‘00 14.‘00 16.‘00 18.‘00 20.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.462 38501138 | 97.50 | 1683162 bb
2 14.475 986864 2.50 25441 bb
4aj
0.04—: 5
> ] B
0.00;
0.00 2.(‘)0 4.‘00 6.(‘]0 ' 8(‘)0 ' ' 10.‘00 ' ' 12.‘00 ' ' ' 14.‘00 '
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.290 1123411 | 49.02 | 53593 bb
2 12.216 1168336 | 50.98 | 24032 bB
0.20
2
0.10
0.0
0.00 2(‘)0 ' 4.(‘)0 6.[‘]0 ' B(‘)O ' ' 10.‘00 ' ' 12‘00 ' ' 14.‘00 '
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 5.207 4891554 | 100.00 | 282210 bb
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4dak
2,00{
&
2 S
1.00- 3
0.00;‘ — s~ T N
0.00 2.‘00 4.1‘)0 G‘UO 8.60 10.‘00 12,‘00 14.‘00 16.‘00 18.‘00 ZO‘OD 22.‘00 24.‘00 26,‘00 28.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.905 54700365 | 49.52 | 2531550 A%
2 19.928 55761626 | 50.48 | 678136 A%

2 0.50{
0,007““““““““““““““‘#““
0.00 2,‘00 4.(‘]0 6.(‘)0 8.(‘]0 10,‘00 12.‘00 14,‘00 16.‘00 15,‘00 20.‘00 22,‘00

Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.889 18684449 | 98.04 | 915587 A%
2 19.912 372836 1.96 7951 bb
4al
5
2
0.00 2.(‘)0 4.(‘)0 6.(‘)0 8.60 ‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘ ‘14,‘00‘ ‘ ‘16,‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 7.627 12586996 | 50.11 | 476983 bb
2 17.352 12533416 | 49.89 | 243895 bb
0.20
ES
0.10- 3
©
0.00-
0.00‘ ‘ ‘2.(‘)0‘ "4t sbo ‘8.(‘)0‘ ‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘ ‘22.‘00‘ ‘ ‘24.‘00‘ ‘ ‘26.‘00
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 7.608 6102026 | 96.04 | 257126 A%
2 17.624 251778 3.96 6517 bb
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4an
0.04—
< 0,02
0.00-
O.UO‘ ‘2.1‘.)0‘ ‘ ‘4460‘ ‘ ‘600‘ ‘ ‘800‘ ‘ ‘10“00‘ ‘ ‘12“00‘ ‘ ‘14,‘00‘ ‘ ‘18.‘00‘ ‘ ‘18.‘00
Mnutes
Entry | Retention Time Area % Area | Height | Int Type
1 9.353 1883161 | 50.48 | 59477 bb
2 14.252 1847471 | 49.52 | 42646 bb
0.104 9]
S
a
2
< 0054
0.00—
0.0‘ ‘ ‘2.(‘)0‘ ‘ ‘4.(‘)0‘ ‘ ‘6.(‘)0‘ ‘ ‘8.(‘)0‘ ‘ ‘10‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 9.427 4303538 | 55.55 | 109807 bb
2 15.223 3443094 | 44.45 | 58139 bb
4ba
‘ ‘20.‘00‘ o ‘25.‘00‘ o ‘30.‘00‘ o ‘35.‘00‘ o ‘40.‘00‘ ‘
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 8.463 5443497 | 50.04 | 280506 bb
2 22.965 5433945 | 49.96 | 46454 bb
0.15j
0.107:
2]
0.05-]
0.00*:
0.00‘ o ‘5.60‘ o ‘10.‘00‘ o ‘15.‘00‘ o ‘20.‘00‘ o ‘25.‘00‘ o ‘30.‘00‘ o ‘35.‘00‘ T ‘40.‘00‘ ‘
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 8.381 2748924 | 100.00 | 148895 bb
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4be
2
0.00 ‘ ‘ ‘ ‘ 5.(‘)0 ‘ ‘ ‘ ‘ 10.‘00 ‘ ‘ ‘ 15‘00 ‘ ‘ ‘ 20.‘00 ‘ ‘ ‘ 25.‘00 ‘
Minutes
Entry | Retention Time | Area | % Area | Height | Int Type
1 8.354 685783 | 50.65 | 33923 bb
2 21.681 668257 | 49.35 | 12617 bb
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 8.527 1206224 | 95.51 | 56435 bb
2 22.666 56771 4.49 1637 bb
4bf
0.08+
0.06

o o
8 .8
7 17.894

L e ey Lt ey s s st s B B T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

Entry | Retention Time Area | % Area | Height | Int Type

1 8.172 2125007 | 50.37 | 87923 vV
2 17.894 2093721 | 49.63 | 20609 bb
) 010
Es j
0.00]
000 200  4bo  6b0 800 1000 1200 1400 1600 1800 2000 22000

Minutes

Entry | Retention Time Area | % Area | Height | Int Type

1 8.225 3683527 | 95.05 | 180186 bb

2 18.188 191780 4.95 2905 bb
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4bm
0.20{
2 ] B
0.1077 /\
0.00; -
0.00 T 2.‘00 T 4.150 o 6.00 T 8.‘00 ‘ ‘10.‘00‘ ‘12‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.914 4939415 | 50.52 | 244036 bb
2 13.924 4837265 | 49.48 | 84523 Bb
OBO{
0.60-]
2 0405
OZO; 5
000 P
0.00 ‘ ‘ 2,1‘)0 ‘ t 4,60 t ‘ G,L‘)D t ‘ B.(‘)O ‘ ‘ 10,‘00 ‘ ‘ 12,‘00 t ‘ 14.‘00 ‘ ‘ 16.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.822 17496015 | 90.01 | 856954 bb
2 13.436 1941289 9.99 42564 bb
4ca
1 3
5 0.10 =
0.00] j\
0.00 ‘ ‘ ‘ 2.(‘)0 ‘ ‘ ‘ 4.(‘]0 ‘ ‘ ‘ 6v‘00 ‘ ‘ ‘ 8.60 ‘ ‘ ‘ 10.‘00 ‘ ‘ 12.‘00 ‘ ‘ 14.‘00
Minutes
Entry | Retention Time Area | % Area | Height | Int Type
1 5.369 2208440 | 48.10 | 186467 BV
2 10.689 2383059 | 51.90 | 60901 BB
1.00—
2 oso-|
] 3
S
0.00 ,_H\
0.00 ‘ ‘ ‘ 2.(‘)0 ‘ ‘ ‘ 4.‘00 ‘ ‘ ‘ 6.60 ‘ ‘ 3.60 ‘ ‘ 10.‘00 ‘ ‘ 12.‘00 ‘ ‘ 14.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.294 12243087 | 99.06 | 1033814 A%
2 10.684 116688 0.94 6835 bb
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4da
0.10
2 8
0.05 ;
0.00 /\
0.0‘ ' ‘2.(‘)0‘ ' ‘4.60‘ ' ‘6.(‘)0‘ ' ‘8.(‘)0‘ ' ‘10.‘00‘ ' ‘12.‘00‘ ' ‘14.‘00‘ ' ‘16.‘00‘ ' ‘18.‘00‘ ' ‘20.‘00‘ '
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 4.481 1754662 | 49.53 | 131199 bv
2 17.466 1788167 | 50.47 26481 Bb
0.80
0.60—
2 00
020;
0.00— g
OYDO‘ ‘ ‘2,‘00‘ ‘ ‘4,‘00‘ ‘ ‘6,!‘)0‘ ‘ ‘Sl‘)o‘ ‘ ‘10‘00‘ ‘ ‘12}00‘ ‘ ‘14}00‘ ‘ ‘16}00‘ ‘ ‘18}00‘ ‘ ‘20‘00‘ ‘ ‘22‘00‘ ‘ ‘24}00‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 4.460 10408309 | 100.00 | 853725 bb
5
1.50
2 1.00
0.50— §
0.00- j\
0.00 5.‘00 t ' ‘10‘00‘ n ‘15‘00‘ ' ' ‘20.‘00‘ ' ' ‘25.‘00‘ n ‘30‘00‘ ' ' ‘35‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 5.592 18441484 | 49.11 | 1779989 bb
2 31.306 19113280 | 50.89 | 224890 bb
0.30
0.20
2
0.10 §
oo A i
0.0‘ s ‘5.(‘]0‘ s ‘10‘00‘ s ‘15.‘00‘ s ‘20.‘00‘ s ‘25.‘00‘ n ‘30.‘00‘ n ‘35‘00‘ s ‘40‘00
Minutes

Entry | Retention Time Area | % Area | Height | Int Type

1 5.540 3250198 | 99.51 | 332614 bb

2 31.491 15933 0.49 648 bb
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6
0.60-
0.40; —
2 2
Bl ~
0.20-| N
0.00;““ e Y, W— .
0.00 5.(‘)0 10.‘00 15.‘00 20.‘00 25.‘00 30.‘00 35.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.569 14716811 | 50.37 | 624302 bb
2 27.811 14501673 | 49.63 | 140747 bb
0.10—
2 0.05-
]
0.00-
0.4 Y ‘5%)0‘ n ‘10.‘00‘ o ‘15‘00‘ o ‘20.‘00‘ o ‘25.‘00‘ o ‘30.‘00‘ o ‘35.‘00‘ o ‘40.‘00‘ ‘
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.714 2649096 | 99.50 | 107107 bb
2 29.708 13309 0.50 399 bb
7
0.60—
5 0.40 g
2 kS
0.20 /\
D.DO*““““““““““““““““
0.00 2.(‘10 4. (‘)0 6.(‘)0 8. (‘)0 10.‘00 12.‘00 14.‘00 16.‘00 18. ‘00 20.‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.531 15788456 | 50.03 | 679640 bb
2 18.105 15769095 | 49.97 | 191868 bb
1.50
5 1.004
<
0.50 §
00 7v:‘=ﬁ
0.00 2‘00 M‘)O 6!‘)0‘ ‘B(‘)O‘ ' ‘10‘00‘ ' ‘12‘00‘ ' ‘14‘00‘ ' ‘16‘00‘ ' ‘18‘00‘ ' ‘ZO‘UD‘ ' ‘22‘00
Minutes
Entry | Retention Time Area % Area | Height | Int Type
1 6.472 43570451 | 98.00 | 1789409 A%
2 17.838 890307 2.00 20350 bb
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