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1.0 General Methods for Procedure of Synthesis:

All solvents were dried according to established procedures. Reactions were monitored by thin
layer chromatography (TLC), column chromatography purifications were carried out using silica
gel GF254. Proton nuclear magnetic resonance (‘H NMR) spectra were recorded on Bruker 300
MHz spectrometer in CDCIl; and carbon nuclear magnetic resonance (®C NMR) spectra were
recorded on 300 MHz spectrometer in CDCl; using tetramethylsilane (TMS) as internal standard
unless otherwise noted. Data are presented as follows: chemical shift, integration, multiplicity (br
= broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, cm = complex 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 on Waters with a
2998 UV-detector and the dr values determined by 300 Hz 'H NMR. Thiourea catalysts were
synthesized according to the procedures.'” S, y-unsaturated o-keto esters were synthesized
according to the procedures.*

2.0 General Procedure for Substrates

o) o)
NaOH, NaNO,
COOEt =N,
H,S0, OH

A solution of sodium hydroxide (11.0 g) in water (200 mL) was added slowly to ethyl 2-

oxocyclopentanecarboxylate (42.5 g) in a narrow-mouthed bottle. A solution of sodium nitrite
(17.2 g) in water (50 mL) was added. The bottle was tightly sealed and shaken mechanically for
48 hours at room temperature. The pale yellow solution was cooled to 0 °C and a small excess of
cold sulfuric acid (6 N, 100 mL) was added with shaking. A considerable amount of gas was
evolved. The solution was allowed to stand for 30 minutes and then extracted with ten 50-mL
portions of ether. The ether solution was dried over magnesium sulfate (20 minutes, with shaking)

and the solvent re-moved at 40 °C, then the last traces being removed by raising the temperature to
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70 °C and reducing the pressure to 20 mm for 5 minutes. The crude product was applied to silica
gel for purification of the pure product.

3.0 General Procedure for Asymmetric 1,5(6)-Selective Cyclization

HO, COOMe
o &
Cat. (10 mal%)
=Neon "pr COOMe  Tqi 1t ©
2a 3a

Catalyst 1c (0.02 mmol, 10 mol%), 2-(hydroxyimino) cyclopentanone 2a (0.2 mmol, lequiv)
and (E)-methyl 2-oxo-4-phenylbut-3-enoate 3a (0.24 mmol, 1.1 equiv), were dissolved in 1.0 mL
toluene at room temperature. The reaction progress was monitored by TLC. After complete
consumption of the 2a, the mixture was applied to silica gel (CH,Cl,/EtOAc, 92:8) for purification
of the desired product 4a. The enantiomeric ratio was determined by HPLC on a chiral stationary
phase, and the dr. was determined by "H NMR spectroscopy (300 Hz). 4b-q were prepared using
the same method.

4.0 Characterization Data
4a: (2R,4S,E)-methyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahydrocy
clopenta[b]py ran-2-carboxylate
HO, LOOMe Prepared according to general procedure with CH,CL/EtOAc = 4/1 as to
© %, afford 4a in 82% yield; [a]*’p= 34 (c=1.0, CHCL). *H NMR (300 MHz,
CDCl3): 8 '"H NMR (300 MHz, CDCls): & 7.19-7.36(m, 5 H), 3.81(br s, 4
H), 2.63-2.67(m, 2 H), 2.19-2.32(m, 4 H); *C NMR (75 MHz, CDCL): & 169.8, 159.9, 144.4,
140.8, 129.8, 128.8, 128.1, 127.1, 95.8, 53.3, 37.6, 37.1, 26.0, 23.0. HRMS-ESI (m/z): calcd for
C1sH7NOs+H": 304.1179; found: 304.1188, 2.7ppm. IR: 3329.8, 2924.9, 1746.1, 1653.4, 1451.5,
1290.0, 1243.4, 1135.4, 931.1, 844.2cm™. HPLC: ee of major diastereoisomer was determined by
HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane = 30/70, 1.0mL/min, 255 nm.) Retention time:
tminor = 30.42 min, tmyjor = 18.53 min, ee => 99%.

4b: (2R,AS,E)-methyl 4-(4-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-
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hexahydrocyclopenta[b]pyran-2-carboxylate

Prepared according to general procedure with CH,Cl,/EtOAc =
HQ, COOMe

[ o 4/1 as to afford 4b in 86% yield; [0]*’p= 92 (c=1.0, CHCl;). *H NMR
S N
F/@ ~ oM (300 MHz, CDCls): 6 7.15-7.19(dd, J = 8.4 Hz, J= 5.1 Hz, 2 H), 7.00-
7.06(t, J = 8.4 Hz, 2 H), 3.82(br s, 4 H), 2.61-2.69(m, 2 H), 2.05-2.32(m, 4 H); *C NMR (75
MHz, CDCls): § 169.6, 159.9, 144.5, 136.4, 129.6, 129.5, 115.8, 115.5, 95.8, 53.4, 37.1, 36.9, 25.9,
23.0. HRMS-ESI (m/z): calcd for C1¢H1sFNOs+H": 322.1085; found: 322.1092, 2.0ppm. IR:
3336.3,2927.3, 1749.0, 1707.5, 1654.1, 1509.6, 1441.3, 1292.4, 1227.6, 1136.4, 931.7, 844.7cm’".
HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/
Hexane = 30/70, 1.0mL/min, 255 nm.) Retention time: tyinor = 30.10 min, tysjor = 22.14 min, ee =
>99%.
4c: (2R,4S8,E)-methyl 4-(2-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-
hexahydrocyclopenta[b]pyran-2-carboxylate

Ho FOOMe Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4c in 99% yield; [a]*’p= 146 (c=1.0, CHCl;). *H NMR (300 MHz,

CDCl): 6 7.03-7.29(m, 4 H), 4.15-4.21(m, 1 H), 3.84(s, 3 H), 2.61-2.75(m,
2 H), 2.22-2.44(m, 4 H); *C NMR (75 MHz, CDCl5): 5 169.6, 162.7, 160.0, 159.4, 144.4, 129.7,
129.6, 129.0, 128.8, 127.4, 127.2, 124.52, 124.47, 116.0, 115.7, 95.6, 53.5, 35.0, 31.0, 26.0, 23.0.
HRMS-ESI (m/z): calcd for C16H16FNOs+H": 322.1085; found: 322.1086, 0.2ppm. IR: 3331.2,
2926.3, 1749.1, 1708.0, 1755.3, 1491.3, 1452.8, 1290.7, 1231.2, 1137.5, 935.4, 761.34cm’".
HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/
Hexane = 40/60, 1.0mL/min, 260 nm.) Retention time: tyinor = 25.67 min, tysjor = 16.22 min, ee =
>99%.
4d: (2R 4S8 E)-methyl 4-(4-chlorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex

ahydrocyclopenta[b]pyran-2-carboxylate
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Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4d in 99% yield; [a]*’p= 73 (¢=1.0, CHCl;). '"H NMR (300 MHz,

CDCly): 6 7.27-7.33(d, J= 8.1 Hz, 2 H), 7.13-7.16(d, J = 8.4 Hz, 2 H),
3.83(brs, 4 H), 2.62-2.72(m, 2 H), 2.18-2.29(m, 4 H); *C NMR (75 MHz, CDCl;): 8 169.5, 159.8,
144.6, 139.3, 132.9, 129.4, 129.1, 129.0, 95.6, 53.5, 37.0, 36.9, 25.9, 23.0. HRMS-ESI (m/2):
caled for CH¢CINOs+H": 338.0790; found: 338.0794, 1.3ppm. IR: 3325.0, 2925.2, 2855.2,
1749.6, 1654.3, 1490.0, 1441.8, 1293.9, 1234.3, 1136.9, 931.4, 842.8cm™. HPLC: ee of major
diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane = 30/70,
1.0mL/min, 255 nm.) Retention time: tminor = 37.50 min, tmajor = 24.58 min, ee => 99%.
4e: (2R,4S8.E)-methyl 4-(3-chlorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex-
ahydrocyclopenta[b]pyran-2-carboxylate
HO FOOMe Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

(o]
u\©\\- _N afford 4e in 99% yield; [a]*’»= 5 (c=1.0, CHCL3). '"H NMR (300 MHz,

“OH

CDCly): & 7.28-7.31(m, 1 H), 7.20-7.24(m, 2 H), 7.09-7.11(m, 1 H),
3.78-3.84(m, 4 H), 2.64-2.70(m, 2 H), 2.20-2.29(m, 4 H); *C NMR (75 MHz, CDCl;): & 169.5,
159.9, 144.6, 142.9, 134.6, 130.1, 128.9, 128.2, 127.4, 126.3, 95.6, 53.5, 37.4, 36.8, 25.9, 23.0.
HRMS-ESI (m/z): caled for C1¢H1sCINOs+H": 338.0790; found: 338.0794, 1.2ppm. IR: 3312.6,
2924.6, 2854.9, 1747.0, 1653.2, 1436.4, 1287.0, 1236.2, 1135.9, 935.5, 788.8cm™. HPLC: ee of
major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane =
40/60, 1.0mL/min, 255 nm.) Retention time: tyiner = 19.59 min, tyg0r = 13.63 min, ee = 99%.
4f: (2R,4S.E)-methyl 4-(4-bromophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-

hexahydrocyclopenta[b]pyran-2-carboxylate

HO COOMe

Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4f in 92% yield; [0]*’p= 47 (¢=1.0, CHCl3). 'H NMR (300 MHz,

CDCly): & 7.46-7.48(d, J = 8.1 Hz, 2 H), 7.07-7.10(d, J = 8.4 Hz, 2 H),

3.77-3.84(m, 4 H), 2.56-2.73(m, 2 H), 2.10-2.32(m, 4 H); *C NMR (75 MHz, CDCL): § 169.5,
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159.9, 144.6, 139.8, 132.0, 129.8, 129.0, 121.0, 95.6, 53.5, 37.1, 36.8, 25.9, 23.0. HRMS-ESI
(m/z): calcd for C1¢H1¢BrNOs+H": 382.0285; found: 382.0292, 1.9ppm. IR: 3313.2, 2925.1,
1747.0, 1709.7, 1654.4, 1486.7, 1442.6, 1291.5, 1241.4, 1136.6, 931.6cm™. HPLC: ee of major
diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane = 30/70,
1.0mL/min, 255 nm.) Retention time: tminor = 39.42 min, tmajor = 25.44 min, ee = 99%.
49: (2R,4S,E)-methyl 4-(3-bromophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-
hexahydrocyclopenta[b]pyran-2-carboxylate
HO, LOOMe Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4g in 99% yield; [0]*°p= 87 (c=1.0, CHCl3). "H NMR (300 MHz,

CDCly): 67.36-7.42(m, 2 H), 7.22-7.25(m, 1 H), 7.13-7.20(m, 1 H),
3.81-3.84(m, 4 H), 2.66-2.69(m, 2 H), 2.20-2.30(m, 4 H); *C NMR (75 MHz, CDCls): & 169.5,
159.8, 144.7, 143.2, 131.1, 130.4, 130.3, 128.9, 126.8, 122.8, 95.6, 53.5, 37.3, 36.8, 25.9, 23.0.
HRMS-ESI (m/z): caled for CH;sBrNOs+H": 382.0285; found: 382.0287, 0.5ppm. IR: 3330.9,
2927.2,2855.4, 1750.1, 1709.4, 1654.1, 1436.0, 1288.4, 1232.2, 1137.1, 934.0, 824.2cm™. HPLC:
ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane
=40/60, 1.0mL/min, 255 nm.) Retention time: tminor = 9.07 min, tmgjor = 6.29 min, ee = 97%.
4h: (2R ,4S,E)-methyl 4-(2-bromo-6-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,

5,6,7-hexahydrocyclopenta[b]pyran-2-carboxylate

HO, COOMe

Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4h in 78% yield; [a]*’p= 59 (¢=1.0, CHCl;). '"H NMR (300 MHz,

CDCly): 7.51-7.56(dd, J = 8.4 Hz, J = 5.1 Hz, 1 H), 6.84-6.91(m, 2 H),
4.37-4.43(m, 1 H), 3.82(s, 3 H), 2.61-2.78(m, 2 H), 2.02-2.45(m, 4 H); *C NMR (75 MHz,
CDCly): 6 169.4, 159.6, 145.6, 142.2, 134.2, 127.7, 118.7, 116.1, 116.0, 115.7, 95.7, 53.5, 37.1,
35.6, 25.8, 23.0. HRMS-ESI (m/z): calcd for C16H;sBrNOs+H": 400.1090; found: 400.1093,
0.6ppm. IR: 3436.0, 2926.7, 1749.6, 1653.2, 1467.9, 1276.6, 1238.2, 1135.3, 1026.4, 922.1,

731.7cm™. HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-
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H, i-PrOH/ Hexane = 40/60, 1.0mL/min, 255 nm.) Retention time: tminor = 8.29 min, tmajor = 23.39
min, ee = 99%.
4i: (2R,4S,E)-methyl 2-hydroxy-7-(hydroxyimino)-4-(4-(trifluoromethyl)phenyl)-2,3,4,

5,6,7-hexahydrocyclopenta[b]pyran-2-carboxylate

HO COOMe

o

2 H), 3.84-3.94(m,4 H), 2.59-2.76(m, 2 H), 2.18-2.31(m, 4 H); °C NMR (75 MHz, CDCL): §

Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as

to afford 4i in 99% yield; [0]*’p= 59 (¢=1.0, CHCl5). '"H NMR (300

F;C
’ MHz, CDCLs): § 7.60-7.62(d, J = 7.8 Hz, 2 H), 7.32-7.35(d, J = 7.8 Hz,

169.5, 159.7, 145.0, 144.9, 129.8, 129.3, 128.5, 125.9, 125.8, 95.6, 53.5, 37.5, 36.9, 25.9, 23.0.
HRMS-ESI (m/z): calcd for C7H6FsNOs+H " 372.1053; found: 372.1063, 2.6ppm. IR: 3332.2,
2928.5, 1751.3, 1710.5, 1654.9, 1442.2, 1326.1, 1293.5, 1131.9, 1066.9, 932.8, 850.4cm™". HPLC:
ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane
=40/60, 1.0mL/min, 255 nm.) Retention time: tminor = 17.08 min, tmajor = 14.03 min, ee => 99%.
4j: (2R,4S.E)-methyl 2-hydroxy-7-(hydroxyimino)-4-p-tolyl-2,3,4,5,6,7-hexahydro-
cyclopenta[b]pyran-2-carboxylate
HQ, £OO0Me Prepared according to general procedure with CH,Cl/EtOAc = 4/1 as to

afford 4j in 65% yield; [a]*’p= 78 (c=1.0, CHCl;). *H NMR (300 MHz,

CDCly): 6 7.07-7.16(q, J = 8.4 Hz, 4 H), 3.82(m, 4 H), 2.61-2.68(m, 2 H),
2.34(s, 3 H), 2.18-2.29(m, 4 H); *C NMR (75 MHz, CDCl;): § 169.7, 160.1, 144.2, 137.7, 136.7,
130.3, 129.5, 127.9, 95.8, 53.3, 37.1, 26.0, 23.0, 21.0. HRMS-ESI (m/z): caled for C,7H;oNOs+H
318.1336; found: 318.1336, 0.1ppm. IR: 3330.1, 2925.8, 2856.5, 1749.2, 1707.8, 1654.0, 1513.2,
1441.3, 1291.3, 1236.9, 1136.8, 932.1cm™. HPLC: ee of major diastereoisomer was determined
by HPLC analysis (Chiralcel AD-H, i-PrOH/ Hexane = 50/50, 1.0mL/min, 258 nm.) Retention
time: tyinor = 22.00 min, tyg0r = 15.03 min, ee = >99%.
4k: (2R 4S8 E)-methyl 2-hydroxy-7-(hydroxyimino)-4-m-tolyl-2,3,4,5,6,7-hexahydro-

cyclopenta[b]pyran-2-carboxylate
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Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4k in 66% yield; [a]*’p= 65 (¢=1.0, CHCl3). 'H NMR (300 MHz,

CDCly): & 7.20-7.23(d, J = 7.8 Hz, 1 H), 7.07-7.09(d, J = 7.5 Hz, 1 H),
6.99-7.01(m, 2 H), 3.75-3.84(m, 4 H), 2.63-2.68(m, 2 H), 2.35(s, 3 H), 2.19-2.31(m, 4 H); °C
NMR (75 MHz, CDCl;): 6 169.7, 160.1, 144.3, 140.7, 138.5, 130.1, 128.8, 128.7, 127.9, 125.1,
95.6, 53.5, 37.4, 36.9, 26.0, 22.9, 21.4. HRMS-ESI (m/2): caled for C;7H;oNOs+H": 318.1336;
found: 318.1345, 2.7ppm. IR: 3433.3, 2924.3, 2854.2, 1749.5, 1652.8, 1443.1, 1290.0, 1254.6,
1136.3, 915.5, 708.6cm™ . HPLC: ee of major diastereoisomer was determined by HPLC analysis
(Chiralcel AD-H, i-PrOH/ Hexane = 40/60, 1.0mL/min, 255 nm.) Retention time: tmajor = 7.08 min,
ee => 99%.

41: (2R 4S8, E)-methyl2-hydroxy-7-(hydroxyimino)-4-(4-methoxyphenyl)-2,3,4,5,6,7-hexahydr-
ocyclopenta[b]pyran-2-carboxylate

HOFOOMe Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as

o]
D«%?N\OH to afford 4l in 70% yield; [a]*’p= 77 (¢=1.0, CHCl;). '"H NMR (300
Meo MHz, CDCly): & 7.11-7.14(d, J = 8.7 Hz, 2 H), 6.87-6.90(dd, J = 6.6
Hz, J = 1.8 Hz,2 H), 3.85(s, 3 H), 3.81(br s, 4 H), 2.64-2.69(m, 2 H), 2.19-2.30(m, 4 H); *C
NMR (75 MHz, CDCl5): 8 169.8, 160.1, 158.6, 144.2, 132.7, 130.4, 129.0, 114.2, 95.8, 55.3, 53.4,
37.1, 36.7, 26.0, 23.0. HRMS-ESI (m/z): calcd for C,7H;oNOg+H": 334.1285; found: 334.1286,
0.1ppm. IR: 3335.7 2928.7 1748.8, 1652.9 1612.1, 1512.2 1443.7 1295.2 1248.5, 1135.9, 931.2,
838.0cm™’. HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-
H, i-PrOH/ Hexane = 40/60, 1.0mL/min, 256 nm.) Retention time: tyino = 28.18 min, tmajor = 18.57
min, ee = 99%.
4m: (2R AS,E)-methyl 2-hydroxy-7-(hydroxyimino)-4-(thiophen-2-yl)-2,3,4,5,6,7-hex-
ahydrocyclopenta[b]pyran-2-carboxylate

Ho L£OOMe Prepared according to general procedure with CH,CI/EtOAc = 4/1 as to

S8



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

afford 4m in 80% yield; [a]*’p= 83 (¢=1.0, CHCl;). "H NMR (300 MHz, CDCls): § 7.21-7.23(d, J
= 5.1 Hz, 1 H), 6.92-6.99(m, 2 H), 4.17-4.23(t, J = 8.7 Hz,1 H), 3.85(s, 3 H), 2.59-2.73(m, 2 H),
2.29-2.41(m, 4 H); *C NMR (75 MHz, CDCLy): & 169.5, 160.0, 143.6, 129.6, 126.9, 125.4, 124.2,
95.7, 53.5, 53.4, 37.1, 32.7, 26.0, 23.0. HRMS-ESI (m/z): calcd for C14H;sNOsS+H'": 310.0744;
found: 310.0753, 2.9ppm. IR: 3337.7, 2925.3, 1749.0, 1707.2, 1653.5, 1439.3, 1293.6, 1233.0,
1133.8, 928.9 704.4m™. HPLC: ee of major diastereoisomer was determined by HPLC analysis
(Chiralcel AD-H, i-PrOH/ Hexane = 40/60, 1.0mL/min, 253 nm.) Retention time: tyno = 36.86
min, tmajor = 26.13 min, ee = > 99%.
4n: (2R,AS,E)-ethyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahydro-
cyclopenta[b]pyran-2-carboxylate
HQ, FOOE Prepared according to general procedure with CH,CI/EtOAc = 4/1 as to

afford 4n in 81% yield; [0]*°p= 10 (c=1.0, CHCL). *H NMR (300 MHz,

CDCly): 6 7.28-7.38(m, 3 H), 7.21-7.23(m, 2 H), 4.24-4.33(qd, J = 11.7 Hz,
J=4.5Hz, 2 H), 3.79-3.86(t, J= 9.3 Hz,, 1 H), 2.63-2.69(m, 2 H), 2.19-2.31(m, 4 H), 1.29-1.34(t,
J=14.4Hz, 3 H); ®C NMR (75 MHz, CDCl3): § 169.2, 160.1, 144.5, 140.9, 129.9, 128.8, 128.1,
127.1, 95.6, 63.0, 37.6, 37.0, 26.0, 23.0, 13.9. HRMS-ESI (m/z): caled for C,;H;oNOs+H':
318.1336; found: 318.1338, 0.7ppm. IR: 3338.6, 2924.6, 2855.2, 1741.9, 1651.5, 1455.1, 1292.3,
1240.5, 1136.1, 1026.1, 934.9cm™. HPLC: ee of major diastereoisomer was determined by HPLC
analysis (Chiralcel AD-H, i-PrOH/ Hexane = 30/70, 1.0mL/min, 254 nm.) Retention time: tyiyor =
16.91 min, tpjor = 9.55 min, ee = 99%.
40: (2R,4S,E)-isopropyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahy-
drocyclopenta[b]pyran-2-carboxylate
HQ _:COOiF’r Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to
©%¢N afford 40 in 85% yield; [0]*’p= 99 (c=1.0, CHCl;). '"H NMR (300 MHz,
OH
CDCly): 6 7.20-7.38(m, 5 H), 5.06-5.14(m, 1 H), 3.79-3.85(t, /=9 Hz, 1 H),
2.55-2.75(m, 2 H), 2.19-2.28(m, 4 H), 1.27-1.32(dd, J = 8.7 Hz, J = 6.3 Hz, 6 H); ®°C NMR (75
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MHz, CDCl;): 6168.8, 160.0, 144.7, 141.0, 129.7, 128.8, 128.1, 127.1, 95.6, 71.0, 37.7, 37.0, 26.0,
23.0, 21.51, 21.48. HRMS-ESI (m/z): calcd for C1sHy NOs+H™: 332.1492; found: 347.1498,
1.6ppm. IR: 3276.5, 2927.7, 1740.2, 1654.3, 1454.5, 1291.7, 1236.1, 1141.4, 1103.5, 936.0, 845.9,
704.1cm™. HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-
H, i-PrOH/ Hexane = 30/70, 1.0mL/min, 254 nm.) Retention time: tminor = 16.72 min, tmajor = 8.70
min, ee = 99%.
4p: (2R,AS,E)-benzyl 4-(3-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex-
ahydrocyclopenta[b]pyran-2-carboxylate
HQ SO0BN Prepared according to general procedure with CH,Cl,/EtOAc = 4/1 as to

afford 4p in 65% yield; [0]*’p= 110 (¢=1.0, CHCl3). 'H NMR (300 MHz,

CDCly): & 7.33(br s, 5 H), 7.11-7.16(dd, J = 11.4 Hz, J = 8.4 Hz, 2 H),
6.98-7.04(t, J= 8.7 Hz, 2 H),5.18-5.29(q, J = 12.3 Hz, 2 H), 3.79-3.84(m, 1 H), 2.53-2.70(m, 2 H),
2.14-2.40(m, 4 H); *C NMR (75 MHz, CDCL3): & 169.0, 163.5, 160.2, 159.8, 144.5, 136.5, 134.7,
129.6, 129.5, 128.6, 128.5, 128.3, 128.1, 115.8, 115.5, 95.8, 68.2, 37.0, 336.9, 25.9, 23.0. HRMS-
ESI (m/z): calcd for CpHpFNOs+H': 398.1398; found: 398.1400, 0.4ppm. IR: 3434.1, 2926.8,
1746.6, 1652.4, 1509.6, 1288.3, 1226.4, 1136.0, 1092.8, 932.2, 734.2cm™. HPLC: ee of major
diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-PrOH / Hexane = 30/70,

1.0mL/min, 255 nm.) Retention time: tminor = 27.90 min, tmajor = 12.02 min, ee = 99%.
4q:  (2RAS,E)-methyl  2-hydroxy-8-(hydroxyimino)-4-phenyl-3,4,5,6,7,8-hexahydro-2H-

chromene-2-carboxylate
Ho, COOMe Prepared according to general procedure with CH,Cl,/EtOAc = 1/2 as to
. o \_ afford 4q in 70% yield; [a]*’p= 32 (c=1.0, CHCl5). "H NMR (300 MHz,
N # ~OH

© CDCly): 6 7.20-7.35(m, 5 H), 3.80-3.92(m, 3 H), 3.69-3.75(t, /= 10.5 Hz, 1
H), 2.85-2.94(m, 1 H), 2.23-2.45(m, 3 H), 1.85-1.87(d, J = 5.4 Hz, 2 H), 1.63-1.71m, 2 H); °C
NMR (75 MHz, CDCl;): 6 170.2, 151.6, 141.8, 139.6, 128.8, 128.6, 128.4, 127.0, 94.1, 53.3, 39.8,

37.6, 26.5, 23.0, 20.7. HRMS-ESI (m/z): calcd for C,7H;oNOs+H': 318.1336; found: 318.1335,
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0.2ppm. IR: 3313.0, 2926.5, 2857.1, 1748.3, 1452.0, 1295.2, 1235.1, 1140.2, 910.8, 733.6, 703.2
cm’’. HPLC: ee of major diastereoisomer was determined by HPLC analysis (Chiralcel AD-H, i-
PrOH / Hexane = 30/70, 1.0mL/min, 255 nm.) Retention time: tmajor = 7.42 min, ee = >99%.
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6.0 Absolute Configuration and X-Ray Analysis Data
(2R 4S8 E)-methyl 4-(4-bromophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hexahydro

cyclopenta[b]pyran-2-carboxylate (4f):

HO, COOMe

Br

CCDC Number: 931435

Ci6
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Bond precision: C-C = 0.0078 A Wavelength=0.71073
Cell: a=7.907(8) b=8.093(8) c=12.534(13)
alpha=90 beta=101.397(9) gamma=90
Temperature: 296 K
Calculated Reported
Volume 786.3(14) 786.2(14)
Space group P21 P2(1)
Hall group P2yb ?
Moiety formula C16 H16 Br N O5 ?
Sum formula Cl16 H16 Br N O5 C16 H16 Br N O5
Mr 382.20 382.21
Dx,g cm-3 1.614 1.614
Z 2 2
Mu (mm-1) 2.639 2.639
F000 388.0 388.0
F000’ 387.62
h,k,Imax 9,9,15 9,9,15
Nref 1572[ 2920] 2877
Tmin, Tmax 0.550,0.656 0.582,0.677
Tmin’ 0.540
Correction method= MULTI-SCAN
Data completeness= 1.83/0.99 Theta(max)= 25.490
R(reflections)= 0.0489( 2032) wR2(reflections)= 0.1218( 2877)
S =1.009 Npar=211
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7.0 Copies of HPL.C Spectra of Racemic and Chiral Product
4a: (2R A4S ,E)-methyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahydrocy

clopenta[b]py ran-2-carboxylate

0.301
0.20]
) ]
< ]
0.10
0.00 >
000 500 1000 1500 2000 2500 3000
Minutes

Entry | Retention Time | Area Area (%) | Height Int Type Peak Type

1 18.691 12551312 30.75 229293 bb Unknown

2 30.678 28262353 69.25 358708 bb Unknown

100
0.807
2 0.607
0.4(}; I\
] <
0.207 S
O'OG: v v v v v v U | v ¢ U U v 0 0 v [ T 0 U U T 0 U1 \J‘—‘/ﬁ
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 18.533 56514736 99.73 1134763 bb Unknown
2 30.422 150657 0.27 -2574 bb Unknown
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4b: (2R 4S8 E)-methyl 4-(4-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-
hexahydrocyclopenta[s]pyran-2-carboxylate

0.607
0.40-
5 ]
< i
0.207
0.0(}”” T A A R
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
Minutes
Entry | Retention Time Area Area (%) Height Int Type Peak Type
1 21.944 32830327 51.79 583453 bb Unknown
2 30.912 30566687 48.21 318214 bb Unknown
040
5 0.20]
<
0.0&:
000 500 1000 1500 2000 2500
Minutes
Entry | Retention Time | Area Area (%) Height Int Type Peak Type
1 22.139 | 29149594 99.71 481819 | bb Unknown
2 30.998 85790 0.29 -1438 | bb Unknown
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4c: (2R,4S8.E)-methyl 4-(2-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7
hexahydrocyclopenta[b]pyran-2-carboxylate

B e ey e BBy B e e
14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 16.448 2363909 52.98 38873 bb Unknown
2 25.465 2097849 47.02 23903 bb Unknown

0.201

0.15-
-] ]
< 0.10° ©
] ©
0.05 g
] N
O'O(E‘\“‘\“‘\“‘\“‘\“‘\“‘}\“‘\‘
1400 1600 18.00 20.00 2200 2400 2600  28.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 16.221 11334293 99.90 232126 bb Unknown
2 25.666 10989 0.10 382 bb Unknown
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4d: (2R 4S8 E)-methyl 4-(4-chlorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex
ahydrocyclopenta[b]pyran-2-carboxylate

0.25]
0.20°
0.15;
<DE ]
010

0.05° W
0.001 R

0.00

e By B By By B
10.00 15.00 20.00 25.00 30.00 35.00

T
40.00

5.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 25.106 16826508 41.44 231787 bb Unknown
2 37.349 23778914 58.56 247017 bb Unknown
1.004
0.801
5 0.604
< ]
0.407
0.20
0.00
000 500 1000 1500 2000 2500 3000 3500  40.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 24.579 70959052 99.83 1092141 bb Unknown
2 37.504 118832 0.17 2901 bb Unknown
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4e: (2R,4S8,E)-methyl 4-(3-chlorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex-
ahydrocyclopenta[b]pyran-2-carboxylate

0.30]

0.20

]

< 0.10]

0.001

AN
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 14.020 13575294 57.78 316282 bb Unknown
2 19.909 9920995 42.22 180783 bb Unknown

0.40]

5 ]
< 0.20]

0.00]

R B B B B B B B B
0.00 200 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 13.632 22906968 99.41 529428 bb Unknown
2 19.586 135258 0.59 3211 bb Unknown
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4f: (2R, 4S8 .E)-methyl 4-(4-bromophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-

hexahydrocyclopenta[b]pyran-2-carboxylate

0.2({
o.15€
2 0.10-
0.05%
0.00
000 500 1000 1500 2000 2500 3000 3500 40.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 25.652 14955101 54.22 205308 bb Unknown
2 38.164 12624616 45.78 127547 bb Unknown
1.50
1.00
2 ]
< ]
1 ©
0.501] =
1 o2}
il ™
O'O&i"\""\""\‘“‘\““\f“\““\““\‘
000 500 1000 1500 20.00 2500 30.00 35.00 40.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 25.441 99095584 99.52 1576197 bb Unknown
2 39.416 478307 0.48 8565 bb Unknown
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49: (2R,4S,E)-methyl 4-(3-bromophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-
hexahydrocyclopenta[b]pyran-2-carboxylate

0.25 %)
] S
0.201 o
0.5
-} ]
< ]
0.101
005
000" A 7
000 100 200 300 400 500 600 700 800 900 1000 11.00 1200 13.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 6.294 4718211 48.31 248972 bb Unknown
2 9.075 5048773 51.69 180533 bb Unknown
2.001
1.50
2 1.00]
0.50 3
] S
] (2]
0.00+— ‘ ‘ r——= . ‘ ‘ ‘ ‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 6.266 38179262 98.71 2051778 bb Unknown
2 9.064 500898 1.29 25237 bb Unknown
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4h: (2R 4S8 ,E)-methyl 4-(2-bromo-6-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,
5,6,7-hexahydrocyclopenta[b]pyran-2-carboxylate

0.30-
0.20
2"
™
b N
0.10-
0.00 ,
0.00 200 4.00 6.00 8.00 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 Peak Type
1 8.162 8591819 54.04 348916 bb Unknown
2 23.503 7305840 45.96 94822 bb Unknown
0.12]
0.107
0.08]
2 006"
0.04]
0.021
0.00
0.00 200 400 6.00 800 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 Peak Type
1 8.294 52706 0.56 2534 bb Unknown
2 23.393 9408449 99.44 123923 bb Unknown
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4i: (2R A4S E)-methyl 2-hydroxy-7-(hydroxyimino)-4-(4-(trifluoromethyl)phenyl)-2,3,4,
5,6,7-hexahydrocyclopenta[b]pyran-2-carboxylate

0.6(%:
0.40
5 ]
< 4
0.20-
0'007"‘\“‘\“‘\“‘\“‘\“‘\“‘\“‘\“‘\“‘\“
000 200 400 600 800 10.00 1200 14.00 16.00 18.00 20.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 14.172 24485420 47.15 563199 bb Unknown
2 17.048 27442332 52.85 592481 bb Unknown
0.3({
< ]
0.107
o.ocrf
000 200 400 600 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 14.028 16844860 99.63 376386 bb Unknown
2 17.075 62655 0.37 1897 bb Unknown
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4j: (2R 4S8 .E)-methyl 2-hydroxy-7-(hydroxyimino)-4-p-tolyl-2,3,4,5,6,7-hexahydro-
cyclopenta[b]pyran-2-carboxylate

0.020+
0,015
5 0010°
< ]
0.005]
0.000"
1500 1600 17.00 1800 19.00 20.00 2100 22.00 23.00 24.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 15.130 548792 39.77 8584 bb Unknown
2 21.764 831144 60.23 11863 bb Unknown

0.030
0.020
) ]
< ]
0.010
0.000
1400 1500 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 15.031 1566934 99.81 26768 bb Unknown
2 22.001 2961 0.19 132 bb Unknown
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4k: (2R 4S8 E)-methyl 2-hydroxy-7-(hydroxyimino)-4-m-tolyl-2,3,4,5,6,7-hexahydro-
cyclopenta[b]pyran-2-carboxylate

0.301

0.20 ©
| 8
2 ] =
0.10-
0.00-
600 700 800 900 1000 1100 1200 1300
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 7.047 4422071 57.95 207758 bb Unknown
2 11.568 3208114 42.05 93339 bb Unknown
0.15
0.101
5 ]
2 ]
0.05
0.00]
600 700 800 900 1000 1100 1200 1300
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 7.081 4901204 100.00 171710 bb Unknown

S23



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

al: (2R 48 E)-methyl 2-hydroxy-7-(hydroxyimino)-4-(4-methoxyphenyl)-2,3,4,5,6,7-
hexahydrocyclopenta[b]pyran-2-carboxylate

] K2
0.020- o @
] 2] o
— a
) ] o
< 0.0107]
0.000-
1600 1800 2000 2200 2400 2600 2800 30.00 32.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 19.075 847831 47.49 12163 bb Unknown
2 28.018 937280 52.51 10060 bb Unknown

o g v v T & T T ¢ T ¢ U 7 0 U] U 0 U | T U U | U ¥
16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 18.570 15755350 99.29 270483 bb Unknown
2 28.178 112583 0.71 2272 bb Unknown
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4m: (2R 4S8 E)-methyl 2-hydroxy-7-(hydroxyimino)-4-(thiophen-2-yl)-2,3,4,5,6,7-hex-
ahydrocyclopenta[b]pyran-2-carboxylate

36.835

12600 28,00 3000 3200 34.00 3600 38.00 4000 42.00 44.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 25.397 9782852 62.60 94019 bb Unknown
2 36.835 5844782 37.40 34825 bb Unknown
020
0.155
5) ]
< 0.101
p N~
] Yo}
0.057 [e]
] (e}
] ™
0.00] i
2600 2800 3000 3200 3400 3600 3800 40.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 26.125 23063370 99.80 227138 bb Unknown
2 36.857 45760 0.20 -655 bb Unknown
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4n: (2R 4S8 ,E)-ethyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahydro-
cyclopenta[b]pyran-2-carboxylate

16.525

7 7 T 7
12.00 14.00 16.00 18.00

—
10.00

Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 9.518 30010714 49.49 1095213 bb Unknown
2 16.525 30627396 50.51 630396 bb Unknown
1.00
0.80-
0.60-)
= ]
< 0.40]
1 ™
] —
0.207] o
| S
0.00 S~ A
6.00 8.00 1000 1200 1400 1600  18.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 9.554 27592621 99.21 1018769 bb Unknown
2 16.913 221000 0.79 4584 bb Unknown
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40: (2R,4S,E)-isopropyl 2-hydroxy-7-(hydroxyimino)-4-phenyl-2,3,4,5,6,7-hexahy-

drocyclopenta[b]pyran-2-carboxylate

0.60-
5 0.40
< |
0.20-
0.00-
N U
000 200 400 600 800 10.00 12.00 1400 16.00 18.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 8.700 18112666 49.32 728007 bb Unknown
2 16.688 18611418 50.68 399604 bb Unknown
1.50]
> 1.001
< ]
] ™
0.507 N
1 ©
] —
O'OO"‘\‘H\H‘\"‘\7‘7‘7‘\“‘\“‘\“‘\7\%‘;‘\”
000 200 400 600 800 1000 12.00 1400 16.00 18.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 8.695 44387200 99.48 1838861 bb Unknown
2 16.723 230581 0.52 7936 bb Unknown
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4p: (2R 4S8 ,E)-benzyl 4-(3-fluorophenyl)-2-hydroxy-7-(hydroxyimino)-2,3,4,5,6,7-hex-

ahydrocyclopenta[b]pyran-2-carboxylate

0.101
0.081
0.06
-, 0.067
< ]
0.04
0.021

0.00]

27.873

0.00

5.00

10.00

15.00

Minutes

20.00

2500

30.00

Entry

Retention Time

Area

Area (%)

Height

Int Type

Peak Type

12.062

3319305

52.85

101558

bb

Unknown

27.873

2960890

47.15

36906

bb

Unknown

1.00+
0.80-

0.60-

AU

0.401

0.20-

0.00

1127.808

0.00

—
5.00

—
10.00

——
15.00

Minutes

—
20.00

—
25.00

! [
30.00

Entry

Retention Time

Area

Area (%)

Height

Int Type

Peak Type

12.021

33284421

99.29

1019062

bb

Unknown

27.898

238905

0.71

4386

bb

Unknown
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49: (2R/A4S,E)-methyl  2-hydroxy-8-(hydroxyimino)-4-phenyl-3,4,5,6,7,8-hexahydro-2H-
chromene-2-carboxylate
1.207
1.00
0.801
2 060]
0.40]
0.201
0.00] YN A
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 7.439 39030246 56.33 1133680 bb Unknown
2 13.365 30260847 43.67 415243 bb Unknown
0.20]
0.151
) ]
<C 4
0.101
0.05|
0.00] &
000 200 400 600 800 1000 1200 1400 1600 1800  20.00
Minutes
Entry | Retention Time | Area Area (%) | Height Int Type Peak Type
1 7.416 4799397 100.00 229860 bb Unknown
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8.0 Copies of NMR Spectra of Products
HO, COOMe

O
NS /N\
OH
4a

oa

5|
h

|
‘.

I
|

1)

o

b

o

50—

Ludd

S30



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

ra

a2k

a2

o

o 3

=]

o

&

f=]

o

2 158,75

o

g- —— 138,5

-

E e

g

o

=

=]

-

it

L=}

=

]

FEN

o

E=]

8 L
E—7l.00
- 7652

-

=

— — 533

& 17,56
—-—37.08
— 2597
— 2304

(SR

o

o

2 3

= -

=

g

3

S31



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe

(S Y
o=
L1
P
)
&

T ] o - —35.824

L

50

wdd gp

S32



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

061 ODE OLE
1 1

LR TR FY I o : 11
1 1

0ZL QEL  OFlL
1 L

08 06 00L OLL
1 1

0L

widd

S33

LES.

'.'
n

17,

- T5.5

3.3

~— 36,3

[+

115.E1

3.33

n

25,392

3.0



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe

4c

og

&L

038 )
365 1 =

A

o

oL

g &9
s

g

= f———— —-0.004

S34



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

1&0 55

— 162,66

15030

00L OLE 0ZL

06

og

[ TS

05

§_

5_

E_

E_

= - ——1.m

E_

E_ i
1L
F

&
—— 3406

g —_— 0,
——ar.5%
——23.9%

E—

=k

=

-

3

g

S35



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
(0]

A /N\
OH
Cl

4d

5L
1

-
|
I

"y

58

G5

5t

L

5'E
1

0
]

i
G
o | o

g1
1

oL

o

S36



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

DEL  DDE  OLE
TR FRTETERTY| FUTETERTHY [NTTRToTeY

nelL
abalai

145,55

DLl
odans

150,50

05k 091
[

—144.55

i

—_—130,

nEL

122,20
125,41
=—119.28
128,00

nEL
sl

0zl

1108
i

0ol
pamlusars

4567

o -

=

2 - 77,42
: = 77_00
3 e e

oy

=

=

=
; 51,43

o

=

o

(= 37.0

0= 0E
|

118

widd

S37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
o

Cl S _N
1SR

de

s
1

5
1

|= .-J
Bl
o
—
¥

o

o's 5%
1

&'y

ot

— - R
407 - =gk
i f
o |
wl |
= |
— I\
208 =
T f
M [
- - 'n_
4.00 =
s | .
1: 1
t
-
P B
I-\.
- (
L=}
}
’ j ‘
a8 | —
=
&
4n

S38



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

0EL  00%  OLE
\ i

0LF 03E
1 1

Ovlk 05k 081
1 1 1

0EL
1
|

0oL OLL 03
1 1

06

13
1

0L

oy 05 08

(L
1

oL

wdd

S39



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe

Br

ra
=1
5L

g |
I

o

4f

58

g

i

s 8% 09

g

|-.
oy

b
-l
£=]

J.

L 0F §T 0E 5FE

L

= §0- 00

widd

OH

S40

n'l'\.
Fh

T

o=

=

i

=

e

EN
<2
3.
2
2.
=
a.
2.
a.
2.621
2
2.
24
e
2.
2.
2.
2.1
2.

=

— = 0D



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

0D Mg

0g1 &L

0Ll
1

1h%.-88

1=13
I

=18
1

ol
1

12%. A0
12%.02

gL
1
|
|

0zt
|

oLl

o8 0B OO0
1

0L

ng

23,50

ns

or

- 5707
- 35,81

oL o0 0%

wdd

S41



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
¢

Br Ny /N\
OH

4g

o0g &8¢ 06
1

g
&L

107
1 =

'.-1.-
I} i
‘ |

E

S 0% S5 09 59
1 1 1

"]

—~=3_B318
To—=1.B0E

St OF
1

0E
1

™

L B OE ST
1 1
i T

=11

oo
1
|

o=

o=

S42



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

00z OLE

0LL 0BL DBL
1 1 1

il=1%
|

139.82

05t

ortL
1

131.07
5___./—'_.'.-'_'
S 130,34
- 128 BT

oLe 0ZL O£l
1 1 1
!

ook

Q&
1

1=}
1
\

e T7, 00
T TEL 5B

oL
1

L3468

- X7.33
T—36.83

25,91
.01

wdd

S43



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO COOMe
F (0]
N /N\
OH
Br
4h
m_
&1 |
| 7,558
E— : —7_541
1.25_5: - = "\:-;1_:.'_:-:.
{:_ -7.513
= — 265
] )
- ! /’f-"“
_ i, B
157 = [ ::f- 6 BEE
a . U 6. 851
S 6. 81
@ |
i
@
N
P‘l ) |
1 |
§
e |
e H
) | 1.4z
073 o e AT
— - T 4,350
L =\' 4,372
I
300 r" — 3. B22
o i
2,792
[
Nr2.735
(2] -"1:, 2.780
51 | ﬁr s
L - - a
X = Lo
=g EF- 2,611
[ in g, T 2454
I il b3l 4a3
4.10 ' Tl sne
L = W3 5as
& 3'\‘-:.2&&
2,103
2. 081
| - 2. 044
= | CFE R
= |
a]
o
'5.;
= i
) L
1 |

S44



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

03F 06k 00T OLE

ork 05k 091 044

ek

ozk

L]}

.
&- )
3 95_7L
o
2
- 3T_4%
g == 70z
] — 5. 50
3
o i
o 1
— =

ogE  oF oo

14

oL

wdd

S45



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

m-
= |
200 -
— 'ld_ )l""
— {
213 ——
|
- |
=
o |
won
m_
B |
m
wm
|
o
=
P
o
-1:13_g . 3 g8
8 r
+
ol [
+n 1
gl |
= t
-~ ',
214 x
-
i
-~
4.00 =
o
N. L
Q
\
Il'
-k
m | I'-_,
“'.
|'}. -
- ]
ﬂ_ -
e |
ol
e | S
Q |'

S46



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

0EL O£l OFL  0SE 09 Q4L 08L 06L
1 1 1 1 1 1

oLk

aoL
1

06

os

0g

[iT4

oL

S47

L2076
om 129,32
—— 128,48
= LZ5.E5

~ 125,80

—— X750
T—XE.87

25,30

33.00




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

oa
1

gL

2.07 o
212 -

I3

i —— 2 — 5. 820

oo

wdd gg-

S48



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

: 169,73
——160.0%9
[
=
@ BT
S -

S49

ObL 0SL 091 O0ZL 08L 06L 002 OL2
1 1

0L

OLL 02t
1 1

00t

wdd



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe

N /N\
OH

&

or

&

oE

0e

B
|‘I

|
|
|

|

h

B

gL

o

= — L 11 B

oo

widd

S50



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

ooz 0L

06k

oL
1

-Ei

a5F 09 0Lt
1 1 1

[y
an oy b
]

Lo SR AR WD O

arl
1

nEE

144.
L4n.
138.
Lz,
Lz8.
Lza.
127.
125,

0§ O0F O DEE
1 1

ne

0gE o 05 08 0L

——26.00

——21.45

oz
1

ok

u]
L

widd

S51



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
0

N /N\
OH

4

MeO

L]

gL 08
1

(&3

5

i
Ly
|

& |
1

]

g

s 55
1

r
1

[ =3

5|

or
1

i
=
£

5E
.
i
|
|

-

E=]

2

vE
1

R

e

me §50 0y 5L
1

50
1

widd

S52



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

09 0. 08 06 O00L Ok OZk OEh OvL OSL 09k OLL 08 06L 002 OKZ
bbbl FPEUTT IOPITIVEN PRETCTTTT! IPTTTURIN FUTTTOTTI PIYOCTTTT FRPETTITN FTPRTTTIN PRCTITTTT] FRTRTTPPET FPTPPIOTR] PATPPRTIN PTPPPPPIT FYPRPTTIT] FPPRUITIT] PRUTITTTT] PPOTTTTTm
WW

05

ot

0z

wdd

S53



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
0]

S— /N\
0"

4m

&L

1.00 1 o —

Tz BT

e —_——— =

2 | fz':e

-4

51 0E

ok

S54



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

00L OLL 0ZL 0£F OFL OSL 090 0£F OBL OEL OOZ OLE
1 1 1 1 L 1 1

i3]

0g oF 05 D9 0L 0%

oz

oL

|

wichd

S55

o5,

7.
7
T

- ZE.

.

q

-

w8

ili}

188



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOEt
(0]
\\‘ /N\
OH
4n
g
o
P
— l
206 =
205 ——
- |
(=] !
@
in
o
=
fa
o
|
o ] |
b |
|
%330
g I,'f'f:.na
. 5,306
— "ﬁf :.'.-"UII
.35 = — &.ZB2
[ W 8266
= oo b, 258
= | 4,283
— - - = 1,853
Loz ~ "‘% 3838
3,794
L)
@
g_ i 2,69
. 1
- A s
, 2878
X[ i éi;::
, g_ .} L BZE
2,309
£ . e ;::’:z.;v-
4,00 jE— = 2,214
l"._ { -S{L?.'.-fla
g_ = ez.loa
[ ez
¥
a1 b
1,333
.20 e — =134
~ T e 1,201
- ]
= =
-"-
=] |
wn |

S56



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

06l T D2
I | FARTRTONI FrrvreeTe

ogt
1

—1£58.23

ark 051 09 0L
1 1

sk
1

0ZL
I

0oL DL

—85_5
o
o3
g = 74
E 77,00
3 TE_ 58
o
=3

B2 0%

widd

S57



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO COO'Pr
(6]
©\\ /N\OH
40
P
o
N
]
2.
205
N
=}
@ |
tn
i
=
wn
[LE |
\ 5.139
1 w - %;}ltz
e i -5.077
2 \-5.05{.
F |
tn |
s ] ¥
e 3.846
0.97 ¥ = 3l;17
i f T~—3.787
Fagll
n
w |
=
R 'S
212 S
el 7
o |
4.00 =
400 E
el —
2 |
|
. |
tn ] lk 1.320
=== ) -1.299
6.05 - — o =
05 i —1.291
[ \1 270
- I|
=1 &
e |
tn
g = — 0,000
g ]
-
3

S58



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

0SFk 09L 0ZL 08F 06+ 002 Ol2
I 1

orlL

0EL
I

00+ OLL 021
L I

06

08

o 05 09 0L
L

0g

oL

wdd

S59



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

0’8

n
v
SL

i

.

5

SN

0'9

S's

S'e 0y Sy
1 1

0'e

gL

ot

S0
—

o0
l

wdd

S60



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

H 3
= 3
g
=l
o
=
-
= 3 165,04
- —— 183,48
= s o 160,20
g T 15084
g
-
'S'_ E
— g
Lad .-
= o _—
o f
(=B 3
"y :
i
=
-
8 - 25,82
w
=
E ~ 7142
8 - —— 7100
r e 75,58
- NN — &8.21
¥
& E
2
]
=
&=
=1 3703
3 - 30,81
(]
] [
——25.91
E - 23.0
-
24
= -
3

S61



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

HO, COOMe
O
© Noon
4q
A
m
L _
240
=
=
m
(4]
& |
=3
o
m
24
=
= -
in
Rt
Pl AT
— 1 I T
288 o :”is.sn'-
a3 F Sre— 3, T4S
= / R
o 3. E8E
z.oaz
Jrz.oez
{3 o0z
w Wz w84
__~ 2 V2 B
im © '5_ §_,.{2.|.1'
— .
2452
JrE2ozL
P2, 59%
- T
o i T— 2,252
" - - .54
{ 2.2
L t a2
PR - S
i, [ ”\-1.35?
man = - 1,831
S - %\ 1707
o [ - 1. 688
| -1,
1, 651
| 1634
-
o
D_
in

S62



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

00z O0L2

0Ll 08L 06l
L

0S5k 091

ovl
|
|

0zL 0gL

OLL
1

0oL
|

@
o
~ i
(=]
@
o
. 2
o
8 =

0z

wdd

S63



