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

Organocatalyzed Aza-Michael-Michael Cascade Reactions to Construct
Spirooxindole Tetrahydroquinolines with All-carbon Chiral Centers

You-ming Huang,* Chang-wu Zheng,” Gang Zhao**

“ Key Laboratory of Synthetic Chemistry of Natural Substances, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, 345 Lingling Road, Shanghai 200032, China.

E-mail: zhaog@mail.sioc.ac.cn

Supporting Information

Contents
General INFOrMALION. .......oc.iiiiiieiiee ettt sttt ettt et e st ebeeste s bt ebeentenbeensesaeens S2
General procedure for the enantioselective aza-Michael-Michael reaction ...........c..ccccevveviiiinicnenncnnn. S2
Spectral data 0f the PrOAUCES.........ociiiiiiecie ettt et e st e e beessbeeseessaeesseessseenseas S3
RETBIEIICES . ..ot ettt et s e et e s et e et e e s et e et e e e abe e bt e sabeenbeesnteenbeesaeeenseennes S12
Copies of NMR spectra and HPLC traces ......cccvieruiiiiiiiiieieeiiiecies ceiteeteenieeeveesieesneeseeessseesseessseensseensens S13
X-Ray crystallographic analysis Of 38.........cccieiiiiiiiiiiiiiieiieeiiees ettt be e s e et e eaaeebee e S53

S1



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

1. General Information

The 'H NMR spectra were recorded on a Bruker NMR Spectrometer (400 MHz). All chemical shifts (J)
were given in ppm. Data were reported as follows: chemical shift, integration, multiplicity (s = single, d =
doublet, t = triplet, q = quartet, br = broad, m = multiplet) and coupling constants (Hz). >C NMR spectra
were recorded on a DPX-400 (400 MHz). Flash column chromatography was performed using H silica
gel. For thin-layer chromatography (TLC), silica gel plates (HSGF 254) were used and compounds were
visualized by irradiation with UV light. Analytical high performance liquid chromatography (HPLC) was
carried out on Waters or Shimadzu using chiral columns. Melting points were determined on a SGW X-4
and were uncorrected. Optical rotations were measured on a JASCO P-1010 Polarimeter at A = 589 nm.
IR spectra were recorded on a Perkin-Elmer 983G instrument. Mass spectra analysis was performed on
API 200 LC/MS system (Applied Biosystems Co. Ltd.). All bifunctional thiourea catalysts were prepared
according to procedures reported previously.!"! All methyleneindolinones were synthesized using reported
procedures from corresponding isatins.” All ortho- (p-methylbenzenesulfonamide)- o, B- unsaturated
ketones was prepared following reported procedures.’) All solvents were used after redistillation

according to standard procedures. All reactions were carried out employing oven-dried glassware.

2. General procedure for the enantioselective aza-Michael-Michael reaction

Methyleneindolinone (0.12 mmol, 1.2 equiv) was added to thiourea (0.01 mmol, 0.1 equiv) in toluene (2
mL). After 10 min, ortho-(p-methylbenzenesulfonamide)-a,B-unsaturated ketone (0.1 mmol, 1.0 equiv)
and 40 mg 4A MS was added and the resulting solution was stirred at room temperature for 24 h. The
crude mixture was purified by flash column chromatography to afford the corresponding product (with

hexanes/ethyl acetate = 5/1).
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3. Spectral data of the products

3a, 97% yield, White solid; m.p. = 91-93 °C; [a]p’"= -6.6 (¢ = 1.7 in CHCL;); 'H

Ph NMR (400 MHz, CDCls) 6 = 0.75 (t, J = 6.8 Hz, 3H), 1.66 (s, 9H), 2.37(s, 3H),

TsN 2.53 (dd, J = 2.4 Hz, J = 16.0 Hz, 1H), 2.64 (dd, J = 10.8 Hz, J = 16.0 Hz, 1H),
EtOOCO/lN 2.94 (d,J = 10.8 Hz, 1H), 3.48-3.53 (m, 1H), 3.69-3.74 (m, 1H), 5.26 (d, J = 7.6
Boc

Hz, 1H), 5.57 (s, 1H), 6.56 (d, J = 7.6 Hz, 2H), 6.70 (t, J = 7.6 Hz, 1H), 7.13 (t, J
= 7.6 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H) 7.26-7.28 (m, 2H), 7.34-7.42(m, 3H), 7.54(t, J = 7.6 Hz, 1H), 7.61
(d, J = 8.0 Hz, 2H), 7.69 (d, J = 7.6 Hz, 2H), 7.80 (J = 8.0 Hz, 1H), 8.05(d, J = 7.6 Hz, 1H) ppm; "°C
NMR (100 MHz, CDCl;): § = 13.24, 21.66, 28.07, 34.79, 39.21, 60.07, 61.37, 66.05, 85.31, 111.14,
114.53, 124.32, 124.41, 124.83, 126.27, 126.92, 126.97, 127.91, 128.31, 128.57, 128.64, 129.39, 129.99,
133.21, 133.37, 135.06, 136.02, 136.45, 140.15, 144.42, 148.72, 167.70, 174,92, 195.23 ppm; IR (neat): v
2981, 2927, 1791, 1763, 1690, 1599, 1479, 1463, 1360, 1301, 1241, 1168, 1098, 1020, 956, 755, 662
cm '; MALDI/DHB (m/z): 617.2 (M-Boc+Na"); MALDI/DHB Calcd. For C3oH3sN,OgSNa* 717.2241,
Found: 717.2250; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 80 : 20 hexane/i-PrOH, 0.7
mL/min; tmajor = 17.4 min, tminer = 9.5 min; 90 % ee.
3b, 99% yield, Yellow solid, m.p. = 108-110 °C, [a]p" = 39.7 (¢ = 0.93 in
CHCl;); 'H NMR (400 MHz, CDCl3) & = 0.81 (t, J = 7.2 Hz, 3H), 1.65 (s, 9H),
2.38(s, 3H), 2.49 (dd, J = 2.0 Hz, J = 16.8 Hz, 1H), 2.66 (dd, J = 10.8 Hz, J =

Boc 16.8 Hz, 1H), 2.95 (d, J = 10.0 Hz, 1H), 3.62-3.66 (m, 1H), 3.77-3.81 (m, 1H),
5.11 (d, J = 2.0 Hz, 1H), 5.56 (s, 1H), 6.57 (d, J = 8.0 Hz, 2H), 7.15-7.22 (m, 2H), 7.26-7.29 (m, 2H),
7.41 (t,J=7.6 Hz, 2H) 7.48 (t,J= 7.6 Hz, 1H), 7.56 (t,J= 7.6 Hz, 1H), 7.61 (d, J= 8.0 Hz, 2H), 7.70 (d,
J=17.6 Hz, 2H), 7.79 (d, J= 8.0 Hz, 1H), 8.04 (d, J= 7.6 Hz, 1H) ppm; °C NMR (100 MHz, CDCl3): § =
13.33, 21.66, 28.04, 34.62, 39.22, 60.16, 61.61, 66.03, 85.70,111.14, 115.78, 124.65, 126.30, 126.63,
129.96, 127.08, 127.90, 128.60, 128.70, 129.42, 129.77, 130.04, 132.85, 133.49, 134.96, 135.93, 136.31,
138.76, 144.54, 148.56, 167.51, 174.08, 194.92 ppm; IR (neat): v 2982, 2928, 1793, 1765, 1738, 1689,
1598, 1471, 1363, 1334, 1298, 1240, 1150, 1103, 1019, 811, 754, 662 cm'; MALDI/DHB (m/z): 651.1
(M-Boc+Na+); MALDI/DHB Caled. For CsoH37/N,OsSCINa" 751.1851, Found: 751.1856;
HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 19 : 1 hexane/i-PrOH, 0.6 mL/min; tmajor =

45.3 min, tminor = 40.8 min; 88 % ee.
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3¢, 98% vyield, Yellow solid, m.p. = 179-181 °C, [a]p’" = 1.58 (¢ = 0.50 in
CHCl3); "H NMR (400 MHz, CDCl3) & = 0.83 (t, J = 7.2 Hz, 3H), 1.66 (s, 9H),
2.38(s, 3H), 2.49 (dd, J = 2.0 Hz, J = 16.8 Hz, 1H), 2.66 (dd, J = 8.8 Hz, J =

16.8 Hz, 1H), 2.93 (d, J = 10.0 Hz, 1H), 3.58-3.62 (m, 1H), 3.75-3.79 (m, 1H),
5.15(d, J=8.0 Hz, 1H), 5.55 (s, 1H), 6.54 (d, J= 7.6 Hz, 1H), 6.70 (dd, J= 2.0 Hz, J = 8.0 Hz, 1H), 7.13
(t, J=7.6 Hz, 1H), 7.26-7.29 (m, 2H), 7.40-7.47 (m, 3H), 7.56 (t, J = 7.6 Hz, 1H), 7.60 (d, J = 8.0 Hz,
2H), 7.71 (t, J = 8.0 Hz, 2H), 7.90 (d, J = 1.6 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H); °C NMR (100 MHz,
CDCl): 6 = 13.35, 21.66, 28.01, 34.63, 39.14, 59.82, 61.58, 65.99, 85.90, 115.35, 123.24, 124.38, 125.23,
126.20, 126.93, 127.04, 127.90, 128.48, 128.57, 128.70, 130.05, 132.92, 133.51, 134.91, 135.37, 135.89,
136.38, 141. 11, 144.56, 148.47, 136.38, 167.58, 174.35, 194.92 ppm; IR (neat): v 2962, 2926, 1765,
1737, 1691, 1601, 1483, 1461, 1367, 1346, 1283, 1241, 1168, 1149, 1103, 1019, 808, 770, 661 cm;
MALDI/DHB (m/z): 651.1 (M-Boc+Na+); MALDI/DHB Calcd. For C39H37N,0¢SCINa" 751.1851, Found:
751.1856; HPLC-separation conditions: Chiralcel OD, 25 °C, 254 nm, 90 : 10 hexane/i-PrOH, 0.7
mL/min; tmajor = 9.7 mMin, tminor = 21.9 min; 92 % ee.

3d, 94% yield, Yellow solid, m.p. = 145-146 °C, [a]p> = 9.5 (¢ = 1.32 in CHCL);
'H NMR (400 MHz, CDCl3) & = 0.75 (t, J = 6.8 Hz, 3H), 1.65 (s, 9H), 1.92(s, 3H),
2.37(s, 3H), 2.53 (dd, J = 2.4 Hz, J = 17.2 Hz, 1H), 2.63 (dd, J = 10.0 Hz, J =

Boc 17.2 Hz 1H), 2.91 (d, J = 8.8 Hz, 1H), 3.52-3.57 (m, 1H), 3.70-3.76 (m, 1H), 4.97
(s, 1H), 5.56 (s, 1H), 6.56 (d, /= 8.0 Hz, 2H), 7.01 (d, J= 8.0 Hz, 1H), 7.13 (t, /= 7.6 Hz, 1H), 7.27 (d, J
=10.0 Hz, 1H) 7.38-7.47 (m, 3H), 7.54 (t, /= 7.6 Hz, 1H), 7.62 (t, J = 8.0 Hz, 2H), 7.67 (d, J = 8.0 Hz,
1H), 7.70 (d, J = 8.0 Hz, 2H), 8.05(d, J = 8.0 Hz, 1H); °C NMR (100 MHz, CDCls): = 13.22, 20.90,
21.64, 28.06, 34.79, 39.21, 60.10, 61.33, 60.00, 85.12, 114.28, 124.68, 125.08, 126.37, 126.74, 126.96,
127.90, 128.17, 128.63, 129.75, 129.99, 133.36, 133.38, 133.82, 135.04, 136.01, 136.49, 137.70, 142.02,
144.40, 148.75, 167.67, 172.81, 175.06, 195.32 ppm; IR (neat): v 2927, 1764, 1736, 1368, 1339, 1280,
1244, 1219, 1186, 1168, 1102, 772, 675, cm '; MALDI/DHB (m/z): 631.2 (M-Boc+Na"); MALDI/DHB
Calcd. For C4oH4oN,OsSNa' 731.2398, Found: 731.2387; HPLC-separation conditions: Chiralcel OD, 25
°C, 254 nm, 90 : 10 hexane/i-PrOH, 0.7 mL/min; tmajor = 10.4 min, tminor = 13.4 min; 94 % ee.
3e, 96% vyield, Yellow solid, m.p. = 165-166 °C, [a]p” = 12.8 (¢ = 1.0 in
CHCls); '"H NMR (400 MHz, CDCl3) & = 0.71 (t, J= 7.2 Hz, 3H), 1.57 (s, 9H),
2.29 (s, 3H), 2.46 (dd, /= 2.0 Hz, J = 16.8 Hz, 1H), 2.59 (dd, /= 10.8 Hz, J =
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16.8 Hz, 1H), 3.22 (s, 3H), 3.48-3.52 (m, 1H), 3.66-3.70 (m, 1H), 4.72 (d, J = 2.4 Hz, 1H), 5.48 (s, 1H),
6.52 (d,J=7.2 Hz, 1H), 6.67 (dd, J=2.8 Hz, J=9.2 Hz,1H), 6.07 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 8.0 Hz,
1H), 7.30-7.38 (m, 3H), 7.46 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.62-7.65 (m, 3H) 7.98 (d, J =
7.6 Hz, 1H); °C NMR (100 MHz, CDCl3): & = 13.33, 21.67, 28.11, 34.83, 39.30, 55.05, 60.28, 61.42,
66.07, 85.11, 109.36, 115.58, 115.62, 125.84, 126.59, 126.93, 126.01, 127.95, 128.25, 128.70, 130.07,
133.39, 133.44, 133.50, 135.10, 136.07, 136.71, 144.49, 148.82, 156.11, 167.65, 174.93, 195.29 ppm; IR
(neat): v 2958, 2926, 1789, 1763, 1732, 1691, 1598, 1486, 1456, 1366, 1300, 1250, 1168, 1099, 1021,
812, 756, 662 cm'; MALDI/DHB (m/z): 647.2 (M-Boc+Na’); MALDI/DHB Calcd. For
C4oH40N209SNa" 747.2347 Found: 747.2353; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm,
90 : 10 hexane/i-PrOH, 0.7 mL/min; tmajor = 29.7 min, tminor = 23.2 min; 88 % ee.

3f, 79% yield, Yellow solid, m.p. = 105-108 °C, [a]p™’ = -9.9 (¢ = 0.93 in CHCLy);
'H NMR (400 MHz, CDCl3) § = 0.81 (t, J = 7.2 Hz, 3H), 1.65 (s, 9H), 2.38(s,
3H), 2.50 (dd, J = 2.0 Hz, J = 16.8 Hz, 1H), 2.66 (dd, J = 11.2 Hz, J = 16.8 Hz,

1H), 2.95 (d, J= 10.0 Hz, 1H), 3.59-3.64 (m, 1H), 3.74-3.80 (m, 1H), 4.43 (dd, J
= 2.8 Hz, J = 8.0 Hz, 1H), 5.57 (s, 1H), 6.57 (d, J = 8.0 Hz, 1H), 6.93 (dt, J = 2.4 Hz, J = 8.8 Hz, 1H),
7.16 (t, J=7.6 Hz, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.41 (t, J = 8.0 Hz, 2H), 7.47 (t, J = 8.0 Hz, 1H), 7.56 (t,
J=17.6 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.83 (dd, J = 4.4 Hz, J = 8.4 Hz, 1H),
8.05 (d, J = 8.0 Hz, 1H); >C NMR (100 MHz, CDCl3): & = 13.30, 21.66, 28.04, 34.66, 39.15, 60.22,
65.97, 85.57, 112.01, 115.83, 115.91, 116.12, 126.29, 126.71, 126.94, 127.14, 127.89, 128.60, 128.64,
128.70, 133.49, 134.90, 135.92, 136.20, 136.27, 144.56, 148.66, 157.80, 174.41, 194.96 ppm; IR (neat): v
2959, 2925, 1792, 1764, 1737, 1670, 1598, 1484, 1449, 1365, 1299, 1248,, 1149, 1096, 1019, 770, 662
cm '; MALDI/DHB (m/z): 635.2 (M-Boc+Na"); MALDI/DHB Calcd. For C3oH37N,O0sSFNa™735.2147,
Found: 735.2148; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 90 : 10 hexane/i-PrOH, 0.7
mL/min; tmajor = 27.5 min, tminer = 14.6 min; 90 % ee.

39, 99% yield, Yellow solid, m.p. = 132-135 °C, [a]p’"= 43.0 (¢ = 2.0 in CHCl;);
'H NMR (400 MHz, CDCl3) § = 0.81 (t, J = 7.2 Hz, 3H), 1.72 (s, 9H), 2.48 (s,
3H), 2.50 (dd, J = 2.0 Hz, J= 17.2 Hz, 1H), 2.66 (dd, J = 11.2 Hz, J = 17.2 Hz,

1H), 2.95 (d, J = 10.0 Hz, 1H), 3.63-3.67 (m, 1H), 3.76-3.81 (m, 1H), 5.24 (d, J
= 2.0 Hz, 1H), 5.56 (s, 1H), 6.58 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H),
7.35-7.43 (m, 3H), 7.49 (t, J = 8.0 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.70-7.75
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(m, 3H), 8.04 (d, J = 8.0 Hz, 1H); °C NMR (100 MHz, CDCls): & = 21.68, 28.06, 34.63, 39.30, 60.19,
61.10, 85.74, 116.20, 117.35, 126.37, 127.00, 127.08, 127.55, 127.95, 128.62, 128.74, 130.07, 132.38,
132.93, 133.52, 135.05, 135.99, 136.38, 139.32, 144.56, 144.56, 148.58, 167.56, 173.97, 194.96 ppm; IR
(neat): v 2982, 2928, 1794, 1764, 1736, 1690, 1598, 1469, 1364, 1332, 1297, 1186, 1168, 1101, 1019,
956, 810, 755, 662 cm'; MALDI/DHB (m/z): 695.1 (M-Boct+Na+); MALDI/DHB Calcd. For
C39H37N,08SBrNa+ 795.1346, Found: 795.1353; HPLC-separation conditions: Chiralcel AD, 25 °C, 254
nm, 19 : 1, hexane/i-PrOH, 0.7 mL/min; tygjor = 45.4 min, tminor = 49.7 min; 88 % ee.

3h, 99% yield, Yellow solid, m.p. = 85-90 °C, [a]p *°= -0.88 (¢ = 2.0 in CHCl5);
'H NMR (400 MHz, CDCl3) & = 1.66 (s, 9H), 2.37(s, 3H), 2.53 (dd, J=2.4 Hz, J
=16.8 Hz, 1H), 2.66 (dd, J=10.8 Hz, /= 16.8 Hz, 1H), 2.94 (d, J= 9.6 Hz, 1H),

3.45 (s, 3H), 5.26 (dd, J = 7.2 Hz, 1H), 5.59 (s, 1H), 6.58 (d, J = 8.0 Hz, 1H),
6.71 (t, J=7.6 Hz, 1H), 7.14 (t, J= 7.6 Hz, 1H), 7.21-7.28 (m, 3H), 7.40 (t, /= 7.6 Hz, 2H), 7.45 (t, J =
7.6 Hz, 1H), 7.54 (t, /= 7.6 Hz, 1H), 7.61 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 7.2 Hz, 2H), 7.80 (d, J = 8.4
Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H); >C NMR (100 MHz, CDCl3): & = 21.66, 28.06, 34.84, 39.07, 52.02,
60.16, 66.35, 85.35, 114.61, 124.22, 124.29, 124.76, 126.29, 126.96, 127.90, 128.32, 128.51, 128.66,
129.42, 130.02, 133.16, 133.40, 134.94, 135.98, 136.39, 140.03, 144.49, 148.68, 168.36, 174.85, 195.24
ppm; IR (neat): v 3027, 2953, 2927, 1790, 1765, 1738, 1690, 1479, 1463, 1360, 1301, 1241, 1168, 1150,
1196, 1002, 755, 662 cm_l; MALDI/DHB (m/z): 603.2 (M-Boc+Na+); MALDI/DHB Calcd. For
C33H36N,05SNa " 703.2085, Found: 703.2070; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm,
90 : 10 hexane/i-PrOH, 0.7 mL/min; tmajor = 16.7 min, tminor = 13.9 min; 92 % ee.

3i, 90% vyield, Yellow solid, m.p. = 170-173 °C, [a]p>’ = -12.7 (¢ = 2.0 in
CHCl3); "H NMR (400 MHz, CDCl3) § = 0.95 (s, 9H), 1.65 (s, 9H), 2.36(s, 3H),
2.53 (dd, J=2.8 Hz, J=17.6 Hz, 1H), 2.63 (dd, J = 10.8 Hz, J=17.6 Hz, 1H),

2.93 (d, J= 8.4 Hz, 1H), 5.27 (d, J = 7.6 Hz, 1H), 5.50 (s, 1H), 6.54 (d, J = 7.6
Hz, 1H), 6.71 (t, J = 7.6 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.22-7.27 (m, 3H) 7.38-7.45 (m, 3H), 7.54 (t, J
=7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 7.6 Hz, 2H), 7.86 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0
Hz, 1H); *C NMR (100 MHz, CDCl3): & = 21.63, 27.02, 28.05, 34.66, 39.42, 59.91, 66.03, 82.52, 85.29,
114.54, 124.41, 124.61, 125.23, 126.26, 126.82, 126.92, 127.91, 128.30, 128.48, 128.64, 128.68, 129.33,
129.93, 133.28, 133.37, 135.26, 136.01, 136.49, 140.25, 144.28, 148.81, 166.38, 175.01, 196.29 ppm; IR
(neat): v 2979, 1791, 1759, 1737, 1690, 1599, 1479, 1463, 1360, 1302, 1286, 1243, 1153, 1097, 754, 660
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cm'; MALDI/DHB (m/z): 645.2 (M-Boc+Na"); MALDI/DHB Calcd. For C4;H4N,0sSNa™ 745.2554,
Found: 745.2543; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 90 : 10 hexane/i-PrOH, 0.7

mL/min; tmajor = 10.1 min, tyiner = 8.1 min; 90 % ee.

3j, 97% yield, Yellow solid, m.p. = 118-120 °C, [a]p> = -4.3 (¢ = 2.0 in CHCl3);
'H NMR (400 MHz, CDCls) 8 = 1.57 (s, 9H), 2.38-2.41 (m, 4H), 2.59 (dd, J=11.2
Hz, J = 17.2 Hz, 1H), 2.61 (d, J = 10.0Hz, 1H), 5.28 (d, J = 8.0 Hz, 1H), 6.51 (s,

1H), 6.57 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 7.08 (t, J = 8.0 Hz, 1H),
7.12-7.21 (m, 5H), 7.30 (d, /= 8.0 Hz, 3H), 7.36 (t, /= 7.6 Hz, 3H), 7.50 (q, J = 7.6 Hz, 2H), 7.66 (d, J =
7.6 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 8.17 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls): & = 21.69,
28.06, 34.79, 39.73, 60.41, 68.99, 85.13, 114.12, 124.19, 125.65, 126.12, 126.83, 127.08, 127.72, 127.96,
128.26, 128.39, 128.66, 128.99, 129.23, 130.05, 132.72, 133.30, 133.36, 135.80, 136.08, 137.14, 139.45,
144.32, 147.81, 175.64, 195.25, 195.92 ppm; IR (neat): v 2925, 2854, 1788, 1753, 1708, 1691, 1598,
1479, 1448, 1356, 1238, 1166, 1149, 1093, 970, 754, 694, 664 cm '; MALDI/DHB (m/z): 649.2
(M-Boc+Na+); MALDI/DHB Calcd. For C43H3sN,07SNa’ 749.2292, Found: 749.2301; HPLC-separation
conditions: Chiralcel AD, 25 °C, 254 nm, 90 : 10 hexane/i-PrOH, 0.7 mL/min; tmajor = 12.1 min, tminor =
17.2 min; 90 % ee.

3k, 74% yield, Yellow solid, m.p. = 96-98 °C, [a]p>’= -20.2 (¢ = 1.0 in CHCl;); 'H
NMR (400 MHz, CDCls) & = 1.57 (s, 9H), 2.32(s, 3H), 2.46 (dd, J=2.0 Hz, /= 16.8
Hz, 1H), 2.58 (dd, J = 10.8 Hz, J = 16.8 Hz, 1H), 2.99 (d, J= 9.6 Hz, 1H), 5.05 (d, J

= 7.6 Hz, 1H), 592 (s, 1H), 6.47 (t, J = 7.6 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H),
6.88-6.94 (m, 4H), 6.98 (d, J= 7.2 Hz, 2H), 7.11 (t, J=7.2 Hz, 1H), 7.21 (d, J= 8.0 Hz, 2H), 7.32 (t, J =
8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.41-7.48 (m, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 7.2 Hz,
2H), 8.03 (d, J= 7.2 Hz, 1H); >C NMR (100 MHz, CDCl;): § = 21.70, 28.11, 35.99, 63.06, 69.05, 85.09,
114.13, 123.75, 125.11, 125.25, 126.05, 126.05, 126.82, 126.86, 127.23, 127.27, 127.80, 128.01, 128.25,
128.64, 129.94, 133.30, 134.41, 134.47, 136.18, 138.02, 139.35, 139.42, 144.49, 148.52, 175.98, 195.62
ppm; IR (neat): v 2959, 2926, 1787, 1753, 1690, 1599, 1479, 1455, 1360, 1303, 1254, 1150, 1084, 1069,
1019, 809, 754, 659 c¢cm'; MALDI/DHB (m/z): 621.2 (M-Boc+Na'); MALDI/DHB Calcd. For
C4H3sN>OsSNa", Found: 721.2343; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 90 : 10
hexane/i-PrOH, 0.7 mL/min; tmajor = 8.7 min, tminer = 10.3 min; 86 % ee.
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31, 99% yield, Yellow solid, m.p. = 100-102 °C, [o]p’"= 8.5 (¢ = 0.94 in
CHCls); 'H NMR (400 MHz, CDCl;) & = 0.67 (t, J = 6.8 Hz, 3H), 1.59
(s, 9H), 2.28 (s, 3H), 2.41 (dd, J = 2.0 Hz, J = 16.8 Hz, 1H), 2.51 (dd, J

Boc =10.4 Hz, J=16.8 Hz, 1H), 2.85 (d, /=9.2 Hz, 1H), 3.40-3.45 (m, 1H),
3.61-3.66 (m, 1H), 3.77 (s, 3H), 5.18 (d, /= 7.6 Hz, 1H), 5.50 (s, 1H), 6.53 (d, J= 7.6 Hz, 1H), 6.63 (t, J
=7.6 Hz, 1H), 6.79 (d, J = 8.8 Hz, 2H), 7.05 (t, J = 7.6 Hz, 1H), 7.13-7.19 (m, 3H), 7.35 (t, /= 7.6 Hz,
1H), 7.53 (d, /= 8.0 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H);
BC NMR (100 MHz, CDCls): & = 13.27, 21.63, 28.10, 34.52, 39.39, 55.50, 60.16, 61.38, 66.10, 85.30,
113.80, 114.53, 124.34, 124.45, 124.94, 126.44, 126.97, 127.01, 128.29, 128.50, 129.13, 129.38, 130.00,
130.28, 133.41, 135.14, 136.47, 140.20, 144.43, 148.77, 163.68, 167.76, 175.00, 193.79 ppm; IR (neat): v
2927, 1762, 1681, 1601, 1480, 1463, 1348, 1241, 1220, 1168, 1098, 772, 662cm '; MALDI/DHB (m/z):
647.2 (M-Boc+Na'); MALDI/DHB Caled. For C4H4N,OoSNa™ 747.2347, Found: 747.2332;
HPLC-separation conditions: Chiralcel OD, 25 °C, 254 nm, 80 : 20 hexane/i-PrOH, 0.7 mL/min; tmajor =
9.8 min, tyiner = 13.8 min; 93 % ee.

3m, 96% yield, Yellow solid, m.p. = 112-115 °C, [a]p>’= -14.4 (¢ = 2.0 in
CHCl:); '"H NMR (400 MHz, CDCl3) 8 = 0.66 (t, J = 6.8 Hz, 3H), 1.59 (s, 9H),
2.25 (s, 3H), 2.31 (s, 3H), 2.36-2.53 (m, 2H), 2.80 (d, J = 9.6 Hz, 1H),
3.40-3.44 (m, 1H), 3.60-3.65 (m, 1H), 5.16 (d, J = 7.2 Hz, 1H), 5.49 (s, 1H),

Boc

6.47 (d, J=7.6 Hz, 1H), 6.61 (t, J= 7.6 Hz, 1H), 7.05-7.09 (m, 4H), 7.13 (d, J
=6.8 Hz, 2H), 7.19-7.29 (m, 5H), 7.37 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.0 Hz,
1H), 7.97 (d, J = 8.0 Hz, 1H); >C NMR (100 MHz, CDCl;): § = 13.26, 21.16, 21.68, 28.11, 37.22, 39.63,
60.06, 61.37, 66.10, 85.34, 114.55, 124.30, 124.94, 125.74, 126.18, 126.93, 127.02, 128.21, 128.32,
128.70, 129.38, 130.09, 131.72, 132.21, 133.55, 135.09, 136.63, 136.80, 138.52, 144.38, 148.68, 167.73,
174.97, 198.48 ppm; IR (neat): v 3024, 2961, 2927, 1790, 1750, 1738, 1690, 1602, 1479, 1463, 1360,
1300, 1241, 1168, 1097, 1020, 956, 811, 757, 662 cm_l; MALDI/DHB (m/z): 631.2 (M-B0c+Na+);
MALDI/DHB Caled. For C4H4N,OsSNa™ 731.2398, Found: 731.2399; HPLC-separation conditions:
Chiralcel AD, 25 oC, 254 nm, 90 : 10 hexane/i-PrOH, 0.7 mL/min; tmajor = 37.4 min, tminor = 14.9 min;
88 % ee.
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3n, 99% yield, Yellow solid, m.p. = 93-96 °C, [a]p® = 0.54 (¢ = 1.32 in
CHCl3); '"H NMR (400 MHz, CDCl3) & = 0.67 (t, J = 6.8 Hz, 3H), 1.58 (s,
9H), 2.29 (s, 3H), 2.30 (s, 3H), 2.42 (dd, J = 2.4 Hz, J = 17.2 Hz, 1H), 2.55

(dd, J=11.2 Hz, J = 17.2 Hz, 1H), 3.40-3.46 (m, 1H), 3.59-3.65 (m, 1H),
5.18 (d, J=17.6 Hz, 1H), 5.50 (s, 1H), 6.49 (d, J= 7.6 Hz, 1H), 6.62 (t, J= 7.6 Hz, 1H),7.04 (t, J =7.6 Hz,
1H), 7.10-7.20 (m, 5H), 7.35 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 7.6 Hz, 4H), 7.73 (d, J = 8.4 Hz, 1H), 7.96
(d, J = 7.6 Hz, 1H); >C NMR (100 MHz, CDCls): & = 13.28, 21.66, 28.11, 34.67, 39.28, 60.12, 61.39,
66.10, 85.31, 114.56, 124.34, 124.45, 124.94, 126.38, 126.96, 127.02, 128.07, 128.29, 128.55, 129.35,
129.41, 130.03, 133.37, 133.65, 135.12, 136.49, 140.21, 144.26, 144..46, 148.77, 167.76, 174.97, 194.85
ppm; IR (neat): v 2956, 2925, 1793, 1763, 1736, 1686, 1606, 1479, 1463, 1360, 1301, 1285, 1168, 1151,
1097, 772, 661 cm'; MALDI/DHB (m/z): 631.2 (M-Boc+Na"); MALDI/DHB Calcd. For
C4oH4N,O0gSNa" 731.2398, Found: 731.2386; HPLC-separation conditions: Chiralcel OD, 25 °C, 254 nm,
80 : 20 hexane/i-PrOH, 0.7 mL/min; tyajor = 7.4 min, tyminer = 9.9 min; 92 % ee.

Br 30, 75% yield, Yellow solid, m.p. = 116-119 °C, [a]p>’= 0.52 (¢ = 0.89 in

CHCl3); '"H NMR (400 MHz, CDCl3) 8 = 0.75 (t, J = 7.2 Hz, 3H), 1.67 (s, 9H),
2.37 (s, 3H), 2.47-2.63 (m, 2H), 2.92 (d, J = 8.4 Hz, 1H), 3.48-3.52 (m, 1H),
Et0,C° £ 3.70-3.74 (m, 1H), 5.25 (d, J = 7.6 Hz, 1H), 5.56 (s, 1H), 6.54 (d, J= 7.2 Hz,
Boc 1H), 6.71 (t, J = 7.6 Hz, 1H), 7.13-7.31 (m, 5H), 7.46 (t, J = 7.6 Hz, 1H), 7.67
(d, J=8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.80-7.83 (m, 2H), 8.06 (d, J = 8.0 Hz, 1H); >*C NMR (100
MHz, CDCly): & = 13.27, 21.67, 28.12, 34.97, 39.28, 60.11, 61.43, 66.12, 85.42, 114.62, 123.10, 124.40,
124.49, 124.69, 126.14, 126.56, 127.01, 128.47, 128.68, 128.76, 129.13, 129.65, 130.00, 130.27, 130.99,
132.96, 135.20, 136.29, 136.57, 137.76, 140.23, 144.41, 148.72, 167.65, 174.89, 194.04 ppm; IR (neat): v
2956, 2925, 2853, 1790, 1762, 1694, 1488, 1463, 1359, 1285, 1241, 1187, 1169, 1150, 1098, 759, 661
cm ;IR (neat): v 2956, 2924, 2953, 1792, 1762, 1734, 1698, 1458, 1362, 1301, 1285, 1241, 1168, 1150,
1096, 763 cm'; MALDI/DHB (m/z): 695.1 (M-Boc+Na"); MALDI/DHB Calcd. For C30H37N,05SBrNa”
795.1346, Found: 795.1345; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 80 : 20
hexane/i-PrOH, 0.7 mL/min; tpajor = 10.8 min, tminor = 14.1 min; 89 % ee.
Br 3P, 73% yield, Yellow solid, m.p. = 102-105 °C, [a]p”"= 8.1 (¢ = 1.00 in
CHCl;); 'H NMR (400 MHz, CDCls) & = 0.75 (t, 3H), 1.66 (s, 9H), 2.36
(s, 3H), 2.51-2.58 (m, 2H), 2.92 (d, J = 8.4 Hz, 1H), 3.51-3.52 (m, 1H),
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3.69-3.71 (m, 1H), 5.25 (d, J= 7.2 Hz, 1H), 5.56 (s, 1H), 6.56 (d, /= 7.6 Hz, 1H), 6.73 (t, /= 8.0 Hz, 1H),
7.14-7.24 (m, 4H), 7.45 (t, J = 7.2 Hz, 3H), 7.55-7.61 (m, 6H), 7.80 (d, J = 8.0 Hz, 1H), 8.05 (d, /= 7.2
Hz, 1H); °C NMR (100 MHz, CDCls): & = 13.26, 21,63, 28.11, 34.91, 39,35, 60.16, 61.41, 66.12,
85.38, 114.53, 124.37, 124.50, 124.75, 126.19, 126.91, 127.03, 128.44, 128.62, 128.64, 129.46, 129.53,
129.95, 132.01, 133.01, 134.75, 135.28, 136.59, 140.25, 144.39, 148.73, 167.65, 174.90, 194.44 ppm; IR
(neat): v 2954, 2922, 2853, 1763, 1736, 1686, 1561, 1478, 1466, 1459, 1364, 1301, 1284, 1241, 1275,
1150, 1097, 1072, 772, 660 cm™'; MALDI/DHB (m/z): 695.1 (M-Boc+Na"); MALDI/DHB Calcd. For
C39H37N,04SBrNa' 795.1346, Found: 795.1346; HPLC-separation conditions: Chiralcel OD, 25 °C, 254

nm, 80 : 20 hexane/i-PrOH, 0.7 mL/min; tmajor = 7.4 min, tminor = 9.9 min; 92 % ee.

30, 72% yield, Yellow solid, m.p. = 125-127 °C, [a]p>’ = 30.0 (¢ = 1.00 in CHCL3);
'H NMR (400 MHz, CDCl3) & = 1.57 (s, 9H), 2.38-2.41 (m, 4H), 2.59 (dd, J =
11.2 Hz, J = 17.2 Hz, 1H), 3.13 (d, J = 10.0 Hz, 1H), 2.28 (d, J = 8.0 Hz, 1H),
6.51 (s, 1H), 6.57 (d, J= 8.0 Hz, 1H), 6.71 (t, J = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz,

Boc 1H), 7.12-7.21 (m, 5H), 7.30 (d, /= 8.0 Hz, 3H), 7.50 (q, /= 7.6 Hz, 2H), 7.65 (d,
J=1.6 Hz, 2H), 7.74 (d, J = 7.6 Hz, 2H), 8.17 (d, J = 7.6 Hz, 1H); >C NMR (100 MHz, CDCl;): & =
13.26, 21.67, 28.10, 34.70, 39.20, 59.91, 61.52, 66.01, 85.47, 114.75, 124.27, 124.57, 126.61, 127.02,
127.95, 128.50, 128.74, 129.65, 129.68, 130.18, 132.74, 133.53, 134.95, 135.31, 135.94, 140.21, 144.71,
148.66, 167.52, 194.87 ppm; IR (neat): v 2926, 2854, 1791, 1764, 1738, 1690, 1598, 1479, 1465, 1367,
1285, 1243, 1169, 1150, 1093, 1020, 760, 665 cm'; MALDI/DHB (m/z): 651.1 (M-Boc+Na®);
MALDI/DHB Calcd. For C39H37N,0¢SCINa" 751.1851, Found: 751.1851; HPLC-separation conditions:
Chiralcel OD, 25 °C, 254 nm, 19 : 1 hexane/i-PrOH, 0.7 mL/min; tmajor = 12.8 min, tminor = 16.6 min; 90 %

ccC.

3r, 95% vyield, Yellow solid, m.p. = 74-75 °C, [a]p>’ = -30.7 (¢ = 1.00 in CHCL;);'H
NMR (400 MHz, CDCls) & = 0.73 (t, J = 7.2 Hz, 3H), 1.68 (s, 9H), 1.81 (s, 3H),
£10,C /\ O 2.01-2.04 (m, 2H), 2.39 (s, 3H), 2.65 (t, J = 6.8 Hz, 1H), 3.46-3.52 (m, 1H),

3.66-3.74 (m, 1H), 5.19 (d, J = 7.6 Hz, 1H), 5.53 (s, 1H), 6.54 (d, J = 7.6 Hz, 1H),
6.67 (t, J=7.6 Hz, 1H), 7.19 (q, J = 7.6 Hz, 2H), 7.30 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.61
(d, J= 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H); °C NMR (100 MHz, CDCls): & =
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13.32, 21.55, 28.11, 28.95, 60.03, 61.40, 65.99, 85.45, 114.54, 124.28, 124.32, 124.56, 125.93, 127.10,
127.14, 128.59, 128.85, 129.42, 130.01, 133.00, 136.48, 140.17, 144.38, 148.57, 167.58, 174.99 ppm; IR
(neat): v 2977, 2927, 1762, 1738, 1368, 1301, 1285, 1241, 1169, 1151, 1097, 1048, 661 cm '; ESI-MS
(m/z): 655.2 (M+Na+); HRMS Caled. For CiH3igN,OsSNa“  655.2066, Found: 655.2058;
HPLC-separation conditions: Chiralcel AD-H, 25 °C, 254 nm, 9 : 1 hexane/i-PrOH, 0.7 mL/min; tmajor =
22.0 min, tminor = 15.9 min; 74 % ee.

3s, 90% yield, Yellow solid, m.p. = 113-116 °C, [a]p’= -3.6 (¢ = 2.0 in CHCL);
'H NMR (400 MHz, CDCl3) § = 0.43 (t, J = 6.8 Hz, 3H), 2.23(s, 3H), 2.53 (dd, J
=2.4 Hz, J=16.0 Hz, 1H), 2.64 (dd, /= 10.8 Hz, J = 16.0 Hz 1H), 2.94 (d, J =

10.8 Hz, 1H), 3.48-3.53 (m, 1H), 3.69-3.74 (m, 1H), 5.26 (d, /= 7.6 Hz, 1H), 5.57
(s, 1H), 6.56 (d, /= 7.6 Hz, 2H), 6.70 (t,J = 7.6 Hz, 1H), 7.13 (t, J= 7.6 Hz, 1H), 7.22 (t, J= 7.6 Hz, 1H)
7.26-7.28 (m, 2H), 7.34-7.42(m, 3H), 7.54(t, J = 7.6 Hz, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 7.6 Hz,
2H), 7.80 (J = 8.0 Hz, 1H), 8.05(d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCl3): = 13.25, 21.70, 34.64,
38.60, 44.46, 59.58, 61.22, 65.43, 108.89, 122.65, 124.98, 125.91, 126.09, 126.84, 127.02, 127.33, 128.08,
128.15, 128.57, 128.62, 128.74, 128.95, 129.19, 129.75, 130.01, 133.34, 133.93, 135.42, 135.72, 136.09,
136.53, 143.35, 144.39, 168.11, 176.01, 195.47 ppm; IR (neat): v 3028, 2958, 2854, 1758, 1716, 1691,
1610, 1486, 1357, 1239, 1187, 1167, 1099, 1018, 754, 662 cm '; MALDI/DHB (m/z): 707.2 (M+Na®);
MALDI/DHB Caled. For C4H3N,O¢SNa™ 707.2186, Found: 707.2179; HPLC-separation conditions:
Chiralcel OD, 25 °C, 254 nm, 80 : 20 hexane/i-PrOH, 0.7 mL/min; tmajor = 20.4 min, tminer = 17.5 min;
82 % ee.

3t, 78% yield, Yellow solid, m.p. = 206-210 °C, [o]p’"= -0.96 (¢ = 1.00 in CHCl);
'H NMR (400 MHz, CDCl3) & = 0.71 (t, J = 7.2 Hz, 3H), 2.42 (s, 3H), 2.71 (s,
3H), 2.99 (d, /= 10.8 Hz, 1H), 3.53-3.58 (m, 1H), 3.68-3.72 (m, 1H), 5.29 (d, J =

8.0 Hz, 1H), 5.55 (s, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H),
7.13-7.27 (m, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.41 (t, J = 8.0 Hz, 2H), 7.46 (t, J = 7.6 Hz, 1H), 7.55 (t, J =
7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 7.6 Hz, 2H), 8.06 (d, J = 7.6 Hz, 1H), 8.21 (d, J = 8.0
Hz, 1H); *C NMR (100 MHz, CDCl3): § = 13.30, 21.71, 26.79, 34.75, 39.25, 60.19, 61.59, 66.26, 116.11,
124.24, 125.03, 125.07, 126.22, 127.02, 129.93, 128.50, 128.55, 128.69, 128.78, 129.64, 129.76, 130.04,
133.03, 133.59, 135.09, 135.91, 136.52, 140.55, 144.64, 167.70, 170.65, 177.30, 194.99 ppm;
MALDI/DHB (m/z): 659.2 (M+Na'); MALDI/DHB Calcd. For CsH3N,0;SNa™ 659.1823, Found:
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659.1828; HPLC-separation conditions: Chiralcel AD, 25 °C, 254 nm, 90 : 10 hexane/i-PrOH, 1.0

mL/min; tmajor = 19.7 min, tminer = 16.6 min; 58 % ee.
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5. Copies of NMR spectra and HPLC traces
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak= Ret. Time Area IHeight Area % Height 3%
[ a.lln 24397017 1052428 30.036 72397
2 16.576 24361813 401362 49 954 27.608
Tota 4RT58820 1453790 100.000 100.000
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min
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PeakTable
Detector A Chl 254nm
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1 0402 832436 3332 4779 11.815
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Totall 17837854 282001 100.000 100.000
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1 40.930 28341458 237930 30.318 37.238
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1 40.840 4146903 40534 6,280 10.126
2 435361 61794514 350040 03.711 20874
Totall 65941419 400503 100.000 100000
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2 21.948 1799035 25687 4.106 2.017
Total 42876927 1273793 100,000 100,000
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Totall 10662034 84402 100,000 100.000
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2 29723 13404463 137987 48,331 45.086
Totall 27062950 306034 100,000 100.00
CADocuments and Settings\F 12-7 1405l it 0 453026 . cd
my
i Det A Chi
J e
| i
1 |
-4 I|
100+ Ph \
J |
|
J O— |
] |
|
1 EtOOC |
504 \
: o
1 &
0H — e —— —_— —
7 T T T T | T T T T I T T T I T T T T | T T T T I T T I T I T
0 5 10 15 20 25 30 35
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak® Fet. Tume Area Height Area % Hewght %o
1 23752 837304 EELE] 6.081 6.040
2 29678 12032178 133493 93.019 83,051
Total 13760481 143462 100.000 100000
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DAHPLC-DATAZQ240.1cd

my
1 al Det A Chi
200+ “*
] ‘ (@)
1504 ‘ TsN Ph
] § F
] & EtOOC O
I"I
100 ‘ |'|| O N
1 | II |I Boc
50-] ‘ | 4
] I {1
J .
1 [ [
o+ —_—— e T —
—— T T T T T [T T
] 10 20 30 40 50 60
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254dnm
Peaks Ret. Time Area Height Area % Heaght %o
1 15.512 10127845 226013 49.023 67.258
2 29.80 10531732 1104868 50977 32742
Totall 20659577 337379 100,000 100.00
DAHYMM-michael0646-6.1cd
my
1 PE Det A Ch1
J |
_ [
_ [ |
|
100+ | |
1 |
] |
1 |
] || |
5H | I|
J |
J | \
J | |
] || |
H —_— e —_— |
—— 7 T [ T T [ [
0 5 10 15 20 25 30 5 40
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Eet. Time Area Heaght Area % Height %
1 14579 584971 15113 1816 9937
2 27.503 11562053 136980 95.184 90.063
Totall 12147024 152083 100,000 100.000
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DAHPLC-DATA\zg242 Icd

my
400 = Det A Chi
L=
| e
300 Q o) |
] TsN Ph || -
s00]  MeOOC O | || f
] 0O N | I|I
] Boc ‘ | I
] |
100+ | || | \
o 1
| | [
] f \ | ".\
i | | |
D— e —_ N &L _\-L _—
——— T T T T T T [T T T T T[T T
1] 5 10 15 20 25 30 35
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Eet. Time Area Height Area % Height %%
1 16.673 16673241 37R360 40947 62647
2 4172 16714249 225505 S0.058 37353
Total 33320480 603954 100,000 100,000
DAHPLC-DATAZQ247 lod
my
1 nuﬂ" Det. A Ch1
T [ b
3004 | E‘N
- | |
J | |I
| | |
200H 'I
i | I
7 |
] |
1004 Lo
4 o | II
] 2 | |
_ o |
-4 )
0 I -._.,_,’\_/X\\.__ _ *Lf\_.i 'F'j \,__;__//_\..__ o
——— T
0 5 10 15 20 25 an
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peaks Ret. Time Area Height Area % Height %
1 16.692 1140832 26498 4298 7.333
2 13.888 23401500 333845 93.702 02647
Tatall 26542332 360346 100.000 100,000
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DAHYMIN-michaehN-Ts 54800 Enym0646-8-rac-AD,0.7,9-1 254 lcd
my
1 F% Det A Ch1
A00H ||““
| o (g
fi
] | | TsN Ph
|
1 Y t+-BuOOC
250 | [e)
| | ! | N
| || Boc
i |
l || [
J | | || I|I
| ) | )
o
— T T T
0 L 10 15 20 25
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254mm
Peak#® Fet. Time Area Henght Area % Heaght %%
1 g.162 13222102 337707 49657 57.824
2 10.151 13404660 302190 50343 42176
Total 26626762 420887 100000 100.000
DAHPLC-DATAzg246 lcd
v
| “§ Det A Chi
J e
1500+ |'|
] N
1 |
] |
1000+ | |
. TsN |
1 |
] L
] t-BuOOC |
500-] |
7 i
] a ;
] [\ s
o B ,r_,-' ‘»--,_._',fl_,;_ -
— —— T T —
0.0 25 50 Th 10.0
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 234nm
Peak# Eet. Time Area Height Area % Height %
1 2.083 40174044 1684338 05320 06,220
2 10.134 1972430 6006 4.680 71
Totall 42146474 1750344 100.000 100000
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CAhDocuments and Seftings\T12-7T14 5 [[\gaoweihgw20121201-40-56lcd
my
] = Det A Chi
fled
] ||,-
100+ Ph | | gy
l TsN '
oo @ N I B
. | |
] Ph 0 N | I \
50+ Boc | ll | I'|
] ' f
1 | P
il | II': | II\'\.
' T — rJI e % Ny
— 7T
0 5 10 15 20 25
min
1 Det A Ch1/254nm
PeakTable
Detector A Chil 254nmm
Peak# Eet. Time Area Height Area % Height %
1 12437 5T36607 131524 30.648 30.782
2 17.212 3389775 88482 49.352 40218
Total 11326382 220006 100.000 100.00
CihDocuments and Settings\y12-7 1405 [fi\gaowel\gw20121201-40-59.1cd
my
1 1[;, Det A Ch1
4 |D
1500-] |'|$‘
] |
] "
10004 ||
1 !
; |
500+ |
J |
|
; A
J | \\4
o T ——
—— T T —
0 A 10 15 30
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Eet. Tume Area Height Area % Heught %
1 12.057 73104441 1664242 95386 06344
2 17157 3633274 63157 4614 3.636
Total 78737715 1727399 100.000 100.000
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CADocuments and Settingsh 7 12-7 1408 il i 0 459524 led
my
300+ 8 Det A Ch1
4 ||BD
] Ph | g
200+ 0 0 | | l.".l
] |
BocN O Ph | || || |
i |
| |
100 | I| |
] R
. |
] I A
J [ / b
o] e o . Jf,'__\\,- i AN
——— T
0.0 25 50 75 100 125 15.0
min
1 Det. A Ch1/254nm
PeakTable
Detector A Chl 25dmm
Peaks Ret. Time Area Heaght Area % Heaght %
1 8735 5852196 291907 0054 58301
2 10.403 5030326 208783 40 048 41.609
Total 11891522 S00690 100,000 100.000
CADocuments and Settings\712-7 1 i i 55023 ed
my
- |§ Det A Chi
7 o
1500+ |
1000+ |
1 |
500+ |
1 | I| E
_ o S
= _f_cl |'\_.Jn.,('r,\h]r_ —
L e e e e LA B B e e L B B e e
0.0 25 5.0 75 10.0 125 15.0 17.5
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Eet. Tume Area Height Area % Height %
1 8.684 34863090 1671930 010035 04184
2 10347 2626187 103246 7.003 3.816
Totall 37480276 1775176 100,000 100.000
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CADocuments and Settings'712-7 14\ ingaoweigw20121201-40-103 Icd
my
] ‘% Det A Chi
75 =
1 I
- \| g o
1 || \ TsN Ph
504 I
. | f 1 0]
_ ‘ | A Et0OC O ~
. (0]
] || | N
25+ | | [ Boc
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——— 77— T I ——
0 5 10 15 20 25
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaks Ret. Time Area Height Area % Height %
1 9.607 1673236 81804 46917 39228
2 13,320 2684087 56314 30,083 40.772
Totall 3350324 138118 100,000 100.000
) ChDocuments and Settings\712-7 148 mm\gaoweigw20121201-40-108 led
10004 @ Det A Ch1
] T
4 |I|f>‘|
] OMe | I|
750 |
- TsN | |I
- R
5GD—_ EtO,C X | ||
1 |
1 [
250+ \
o 1
] | 2
D- ! \\"‘—* —— :—-—_'r
1T L - T — T T T T ™ ™7
0.0 25 50 75 100 12.5 15.0 17.5
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 G733 32143921 967171 96,541
2 13.730 1151714 24250 3.459
Toral 33205635 491420 100000
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CALabSolutions\Data\Project11111825.1cd

my }
400 "g Det A Chi
300+ | ‘
200H |
| M
] | 5
100+ ‘ | ,
] r n | II i
7 Iu_,r'|I | .
o] / W N e Y A S _\,.,; |
— T
] 10 20 an 40
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaks Eet. Time Area Height Area % Height %o
1 13.046 16332854 388224 50,980 79480
2 32360 13916678 100233 49020 20,520
Totall 32460532 488457 100.000 100.000
ChiLabSolutions\Data\Project 11111824 lcd
my 300
| Det A Chi
2004
1 w0
100+ 5
‘ A\
] 2 / %
e 'T.L_._,'z"“.—'—. ——
0 10 20 30 40 20
min
1 Det. A Ch1/254nm
PeakTable
Detector A Chl 234mm
Peak# Eet. Time Area Height Area % Height %5
1 14.850 635455 16538 6.147 16,571
2 37.376 10007480 67938 03 833 0429
Totall 10662934 844092 100.000 100,000
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CADocuments and Settings\712-714V5 ingaoweigw20121201-40-104 Icd
my
] I'IE: Det A Chi
500 I
4 | | g
i | | @
J | |'r\'.
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- | || | I|
|
250-] | P
] '| |
4 | II |I I|I
J | | |
| I'. II '|\
4 | A\ i
- - — \\___*.J' \\__Jf_
—— T T T
0.0 25 50 Th 10.0 125
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Fet. Time Area Height Area % Height %
1 7308 13175102 S66TTR 40073 38.981
2 4,044 13189081 304178 0,027 41.019
Totall 26364183 Q60956 100.000 100.0:00
CADocuments and Setlings\712-7 145 fn\gaoweigw20121201-40-107 .lcd
™ 5000
] r::. Det A Ch1
i ||:
] I
1500 ||
] I
1000H | ||
] {
_ |
500+ ||
: | I| =
] A g
-4 | 1 _fP!
0 TJ M 4 _rf" e N —
——— 77— [
0.0 25 50 75 100 125 150 175
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 7431 43557163 1897894 95.712 06.868
2 0.867 1951512 61354 4288 3132
Total 43508675 1950348 100.000 100.000
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CADocuments and Settings\v12-71405 if\gaowelgw20121201-40-84 Icd
™V 1000
J Det.A Chi
?5D—-
500- g
J ~
] Y
2504 \ —
1 / x\ / \
e S S —
10 1 12 13 14 15 16 17 18
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaks Eet. Time Area Height Area % Height %
1 11.063 14794060 436093 49.006 62,634
2 14.570 15330141 260161 30,504 37.366
Total 0133202 696236 100.000 100.000
CADocuments and Settings\712-7 1405 in\gaowenigw20121201-40-110 Icd
MY 1500
] Det A Chi
1000+
5
b )
500 {4 EtO,C X
| |II II".
| \
[\ :
] / \"\\ ;
= : e T ; : | T A L T T T T T
10.0 125 15.0 175
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 10.781 19739283 611732 04512 03.956
2 14.114 1146263 25779 5.488 4.044
Totall 20885546 637511 100.000 100.00
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CihLabSclutions\Data\Project1v1111407 Icd

my
200 Det A Ch
150+
100+
| Er\'_
50- {\
o / \“ P / |
L | ] T —
10.0 12.5 15.0 225
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaks Ret. Time Area Height Area % Height %
1 11.688 3227666 66345 S0.676 58280
2 17.232 3141563 47484 49324 41.720
Totall £360220 113839 100000 100.000
DAHYMN-michaelN-Ts &4 EHYMOT02-2-00ee lcd
mV 200
J Det A Ch1
150
] &
1004 ~
- |II I"|I
1 f Y
i | \
| Y
504 | !
- |
- I|I g
] / :
o — —————
10.0 125 15.0 175 200
min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254mm
Peak#s Ret. Time Area Heaght Area % Heaght %o
1 11.332 4818513 103908 93262 03.817
2 17.142 228733 4536 4738 4183
Totall 4840247 108444 100,000 100.000
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ChALabSolutions\Data\Project111111358 Icd
my
] = Det. A Ch1
%t
J ]
] I
_ |
1004 | I e
|'\I
1 ' i\
o | | | |I
7 | | \
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i [ ! | L
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T T T T T
0 5 10 15 20
min
1 Det.A Chi/254nm
PeakTable
Detector & Chl 254nm
Peaks Fet. Time Area Height Area % Height %o
1 12.817 6131337 130936 50.271 30.160
2 16.271 6065409 96603 48729 40.840
Totall 12156945 236340 100.000 100.000
CALabSolutions\Data\Project1V1111357 Icd
v
2504 & Del A Chi
] Ik
2004 { '.I
- [
1 | \
1504 [
4 | I||
] | \
100+ II \
] I| "'-.
] | \
5[)—: | Y g
i / \ ©
D 7 .rfl T L ¥ e T —— —._.‘
T T T T T I T T T T | T T T T T T T
10.0 125 150 1 200
min
1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaks Eet. Time Area Height Area 3 Height %
1 12.814 10390973 238533 04 336 05040
2 16.642 376703 10071 5.164 4051
Totall 11167676 248604 100,000 100.000
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m
1 E DetA Cht
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u] 5 u] 15 20 25
min
1 DelA Ch1214nm
PrakTshla
Datecoor A Chl 214zm
Pazks Fat. Time Arsa Haight Arsa % Huight %3
1 15580 2001683 576351 10,164 80373
1 21857 1857031 440338 45.B16 35427
Tl 30BET13 1116802 100.000 100.000
<Chromatogram:=
E-hymi091E6 Jed
mh
004 TIE Dt & Ch
] I
400 | |
N | ||
200 | |
- s
; : N
100 fi
] | i I
] | i 4 [
E_- RN P T .ll o r.n' "'\. Il
) T T T T T T T T T T T T T T T T T T T T T T T T
a E] yli] 15 20 25
mir:
1 DelA Chil214nm
PaakTable
Datsctor A ChI 214om
Praksz [ Araz Hatght Argz 2 Hagkt %
1 17.643 4283 114333 13.1E7 B39
] i L Y LkE ] BEELT 18]
To 2SR 19500 S07933 100,000 100.000

S50




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

3s
DAHYMN-michaelN-Ts 52453 Ehym0G674-3-rac-00,0.7,.9-1,254 lcd
MY 500
] Det A Th1
150+
] EtO,C
. O (@]
100+ BnN C Ph
5[)—_ "
i = fad
[ ]
] T &
0 T T T — = -|~|_'__-|- T T T _|__| T T T T T J|r T T T
15.0 175 200 225 250 275
min
1 Det.A Ch1/254nm
PeakTabls
Detector A Chl 254nm
Peak# Eet. Tume Area Height Area % Heisht %
1 17.448 1177018 17581 52.070 63.056
2 21272 1083425 10283 47.930 36,504
Totall 2260443 27864 100.000 100,000
CADocuments and Settings\712-7 14058 [ijgaowehgw20121201-40-109 1cd
mY 5000
i Det. A Chi
1500-
1 TsN
1000+
1 EtOOC
500- 2
L o~
J - ‘“'a.\
] S
0 — e e
150 200 225 250
min
1 Det.A Ch1/254nm
PeakTable
Detector & Chl 2534nm
Peaks Fet. Time Area Height Area % Height %
1 17519 3044415 52859 9.308 13.087
2 20.443 30020018 351042 00752 26013
Total 33064433 403901 100.000 100.000
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Totall 1646 100.000 100.000
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PeakTable
Detector A Chl 254nm
Peaks Ret. Time Area Height Area % Height %%
1 16.393 403382 8808 20802 23.642
2 19710 15334082 28442 79098 76358
Totall 1930464 37248 100,000 100.00:0
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6. X-Ray crystallographic analysis of 3a (CCDC 939070).

Table. Crystal data and structure refinement

Identification code cd212663

Empirical formula C39 H38 N2 O8 S

Formula weight 694.77

Temperature 2932) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P2(1)

Unit cell dimensions a=17.7927(14) A alpha =90 deg.

b=11.1432(9) A beta = 102.033(2) deg.
c=18.4952(15) A  gamma = 90 deg.

Volume 3586.4(5) A"3

Z, Calculated density 4, 1.287 Mg/m"3

Absorption coefficient 0.145 mm"-1

F(000) 1464

Crystal size 0.265 x 0.212 x 0.147 mm

Theta range for data collection 1.78 to 25.99 deg.

Limiting indices -20<=h<=21, -13<=k<=13, -22<=I<=12
Reflections collected / unique 21908 / 13830 [R(int) = 0.0339]
Completeness to theta = 25.99 100.0 %
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Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter

Largest diff. peak and hole

Empirical

1.00000 and 0.46317

Full-matrix least-squares on F*2

13830/179/979

1.019

R1=0.0572, wR2 =0.1375
R1=0.0760, wR2 =0.1512
0.01(7)

0.387 and -0.236 e.A"-3
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