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1. General Information

Reagents and Solvents: All solvents were purified and dried according to
standard methods. PE refers to petroleum ether (b.p. 60 - 90 <C) and EA refers to
ethyl acetate.

Chromatography: Flash column chromatography was carried out using
commercially available 200-300 mesh under pressure and conducted by eluting with
PE/EA , which are listed as volume/volume ratios.

Data Collection: Melting point (m.p.) was measured on a microscopic melting
point apparatus. "H and *3C NMR spectra were collected on BRUKER AV-300 (300
MHz) or BRUKER AV-500 (500 MHz) spectrometer using CDCl; or DMSO-ds as
solvent. Chemical shifts of '"H NMR were recorded in parts per million (ppm, 8)
relative to tetramethylsilane (6 = 0.00 ppm) with the solvent resonance as an internal
standard (CDCl3, 6 = 7.26 ppm, DMSO-ds, & = 2.50 ppm). Data are reported as
follows: chemical shift in ppm (3), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, brs = broad singlet, m = multiplet), coupling constant (Hz), and integration.
Chemical shifts of 3 C NMR were reported in ppm with the solvent as the internal
standard (CDCls3, 6 = 77.0 ppm, DMSO-dg, 6 = 39.5 ppm). High Resolution Mass
measurement was performed on Agilent QTOF 6520 mass spectrometer with electron
spray ionization (ESI) as the ion source. Unless otherwise indicated, all other reagents
and solvents were obtained from commercial suppliers and used without further
purification.



2. General Procedures for the Preparation of a-Halohydroxamates

a) General Procedures

o} . 0
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To a suspension of the O-benzyloxyamine hydrochloride and triethylamine in
DCM (0.25 M) was added dropwise the alpha-haloacid halide at 0 <C. The reaction
mixture was stirred at this temperature until complete consumption of starting
material (detected by TLC). The mixture was warmed to room temperature and
quenched with water. The organic phase was washed with water (x3), then washed
with brine (x1), dried over sodium sulfate, filtered and evaporated. Purification via a
flash column chromatography (PE/EA = 8/1) provided the a-halohydroxamates.

b) Characterization of the Products

2-bromo-N-(tert-butoxy)-2-methylpropanamide (2b).
0
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White solid, m. p. 93 — 94 °C. *H NMR (300 MHz, CDCls) & 8.85 (s, 1H), 1.98 (s,
6H), 1.30 (s, 9H) ppm. *C NMR (75 MHz, CDCls) & 170.5, 82.8, 60.2, 32.6, 26.1
ppm. HRMS(ESI) m/z calcd for [CgH16BrNO,+H]" 238.0437, found 238.0431.

2-bromo-N-methoxy-2-methylpropanamide (2d)
o)
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N
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Yellow solid, m. p. 56 — 58 °C. *H NMR (300 MHz, CDCls)  9.46 (s, 1H), 3.81 (s,
3H), 1.97 (s, 6H) ppm.*C NMR (75 MHz, CDCls) & 169.7, 64.2, 59.1, 32.2 ppm.
HRMS(ESI) m/z calcd for [CsH1oBrNO,+H]" 195.9968, found 195.9965.

N-(allyloxy)-2-bromo-2-methylpropanamide (2i)
o)

%N/OV\
Br H

Colorless oil. 'H NMR (300 MHz, CDCls) § 9.41 (s, 1H), 6.00 (m, 1H), 5.53 — 5.21
(m, 2H), 4.43 (d, J = 6.5 Hz, 2H), 1.96 (s, 6H) ppm. *C NMR (75 MHz, CDCl3) &
169.5, 131.7, 121.1, 77.1, 59.0, 32.2 ppm. HRMS(ESI) m/z calcd for
[C7H1,BrNO+Na]* 222.0124, found 222.0123.

! Jeffrey, C. S.; Barnes, K. L.; Eickhoff, J. A.; Carson, C. R. J. Am. Chem. Soc. 2011, 133, 7688.
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3. General Procedures for [3+2] Annulation Reaction
a) General Procedures

In a 10 mL test tube was sequentially added aldehydes 1 (0.25 mmol, 1.0 equiv),
Na,COs3 (0.75 mmol, 3.0 equiv), a-halohydroxamates 2 (0.375 mmol, 1.5 equiv) and
HFIP (1.0 mL). Then, the tube was sealed and stirred at room temperature. Once the
aldehydes was complete consumption, the reaction mixture was diluted with ethyl
acetate, filtered through celite and washed with ethyl acetate. The filtrate was
concentrated under reduced pressure and the resulting residue was purified by flash
column chromatography (PE/EA = 15/1) on silica gel to afford the pure product.

b) Characterization of the Products

3-(benzyloxy)-5,5-dimethyl-2-phenyloxazolidin-4-one (3aa)

BnO_
N//g<
do

66.1 mg, 89% yield, Colorless oil; *H NMR (300 MHz, CDCls) & 7.47 (m, 5H), 7.36 —
7.23 (m, 3H), 7.23 — 7.10 (m, 2H), 5.61 (s, 1H), 4.92 (d, J=10.1 Hz, 1H), 4.41 (d, J =
10.1 Hz, 1H), 1.56 (s, 3H), 1.42 (s, 3H) ppm. *C NMR (75 MHz, CDCls) 5 172.4,
135.7, 134.2, 130.3, 129.5, 128.9, 128.6, 128.3, 127.8, 87.6, 78.1, 78.1, 25.2, 22.6
ppm. HRMS(ESI) m/z calcd for [C1gH19NO3+H]" 298.1438, found 298.1438.

3-(benzyloxy)-5,5-dimethyl-2-(p-tolyl)oxazolidin-4-one (3ba)
0
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72.2mg, 93% yield, White solid, m. p. 62 — 64 °C; *H NMR (300 MHz, CDCly) & 7.42
—7.26 (m, 5H), 7.26 — 7.13 (m, 4H), 5.57 (s, 1H), 4.92 (d, J = 10.1 Hz, 1H), 4.44 (d, J
= 10.1 Hz, 1H), 2.39 (s, 3H), 1.55 (s, 3H), 1.41 (s, 3H) ppm. **C NMR (75 MHz,
CDCls) 6 172.3, 140.3, 134.3, 132.8, 129.5, 129.3, 128.8, 128.3, 127.7, 87.5, 78.0,
77.9, 25.2, 22.6, 21.3 ppm. HRMS(ESI) m/z calcd for [Ci9H21NOs+H]" 312.1594,
found 312.1601.
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3-(benzyloxy)-2-(4-methoxyphenyl)-5,5-dimethyloxazolidin-4-one (3ca)

BnO_
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80.9 mg, 99% vyield, White solid, m. p. 64 — 65 °C; *H NMR (300 MHz, CDCls) &
7.46 — 7.26 (m, 5H), 7.23 — 7.12 (m, 2H), 6.94 (d, J = 8.6 Hz, 2H), 5.57 (s, 1H), 4.91
(d, J = 10.1 Hz, 1H), 4.44 (d, J = 10.1 Hz, 1H), 1.55 (s, 3H), 1.40 (s, 3H) ppm. **C
NMR (75 MHz, CDCls) & 172.3, 161.0, 134.3, 129.5, 129.1, 128.8, 128.3, 127.6,
113.9, 87.3, 78.0, 77.8, 55.2, 25.2, 22.4 ppm. HRMS(ESI) m/z calcd for
[C19H21NO4+H]" 328.1543, found 328.1545.

3-(benzyloxy)-2-(4-fluorophenyl)-5,5-dimethyloxazolidin-4-one (3da)
0
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75.5 mg, 96% yield, White solid, m. p. 78 — 79 °C; *H NMR (300 MHz, CDCl;) &
7.42 (dd, J = 8.5, 5.4 Hz, 2H), 7.30 (m, 3H), 7.18 (dd, J = 7.2, 1.7 Hz, 2H), 7.10 (t, J
= 8.6 Hz, 2H), 5.57 (s, 1H), 4.94 (d, J = 10.3 Hz, 1H), 4.47 (d, J = 10.3 Hz, 1H), 1.55
(s, 3H), 1.42 (s, 3H) ppm. *C NMR (75 MHz, CDCls) § 172.5, 163.8 (d, J = 247.7
Hz), 134.2, 131.6 (d, J = 2.8 Hz), 129.7 (d, J = 8.6 Hz), 129.5, 129.0, 128.4, 115.6 (d,
J = 21.7 Hz), 86.9, 78.1, 25.2, 22,5 ppm. HRMS(ESI) m/z calcd for
[C1gH1sFNO3s+Na]* 338.1163, found 338.1166.

3-(benzyloxy)-2-(4-chlorophenyl)-5,5-dimethyloxazolidin-4-one (3ea)

BnO_
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75.2 mg, 91% yield, White solid, m. p. 81 — 83 °C; *H NMR (300 MHz, CDCl;) &
7.46 —7.23 (m, 7H), 7.18 (dd, J = 7.5, 1.5 Hz, 2H), 5.55 (s, 1H), 4.94 (d, J = 10.3 Hz,
1H), 4.50 (d, J = 10.3 Hz, 1H), 1.55 (s, 3H), 1.41 (s, 3H) ppm. *C NMR (75 MHz,
CDCl3) 6 172.6, 136.1, 134.3, 134.1, 129.5, 129.1, 129.0, 128.8, 128.4, 86.9, 78.1,
78.1, 25.2, 22.6 ppm. HRMS(ESI) m/z calcd for [C1gH1sCINOs+H]* 332.1048, found
332.1047.



3-(benzyloxy)-2-(4-bromophenyl)-5,5-dimethyloxazolidin-4-one (3fa)
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92.8 mg, 99% yield, White solid, m. p. 101 — 103 °C; *H NMR (300 MHz, CDCls) &
7.53 (d, J = 8.3 Hz, 2H), 7.38 — 7.23 (m, 5H), 7.17 (d, J = 6.2 Hz, 2H), 5.53 (s, 1H),
4.94 (d, J = 10.4 Hz, 1H), 4.51 (d, J = 10.4 Hz, 1H), 1.54 (s, 3H), 1.41 (s, 3H) ppm.
3C NMR (75 MHz, CDCls) & 172.7, 134.9, 134.3, 131.9, 129.6, 129.4, 129.0, 128.5,
124.5, 87.1, 78.2, 78.2, 25.3, 22.6 ppm. HRMS(ESI) m/z calcd for [C1gH1sBrNOz+H]"
378.0543, found 378.0541.

methyl 4-(3-(benzyloxy)-5,5-dimethyl-4-oxooxazolidin-2-yl)benzoate (3ga)
0
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46.1 mg, 52% vyield, White solid, m. p. 85 — 87 °C; *H NMR (300 MHz, CDCls) &
8.10 (d, J =8.2 Hz, 2H), 7.52 (d, J = 8.2 Hz, 2H), 7.41 — 7.23 (m, 3H), 7.23 — 7.06 (m,
2H), 5.64 (s, 1H), 4.94 (d, J = 10.2 Hz, 1H), 4.46 (d, J = 10.2 Hz, 1H), 3.95 (s, 3H),
1.57 (s, 3H), 1.44 (s, 3H) ppm. *C NMR (75 MHz, CDCls) & 172.6, 166.5, 140.6,
134.2, 131.9, 129.9, 129.6, 129.1, 128.5, 127.8, 87.0, 78.3, 78.2, 52.3, 25.3, 22.7 ppm.
HRMS(ESI) m/z calcd for [CxoH2:NOs+H]" 356.1492, found 356.1498.

2-([1,1'-biphenyl]-4-yl)-3-(benzyloxy)-5,5-dimethyloxazolidin-4-one (3ha)

BnO_
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91.4 mg, 98% yield, White solid, m. p. 117 — 119 °C; *H NMR (300 MHz, CDCls) &
7.62 (t, J = 8.3 Hz, 4H), 7.55 — 7.40 (m, 4H), 7.37 (d, J = 7.2 Hz, 1H), 7.24 (m, 5H),
5.63 (s, 1H), 4.97 (d, J = 10.3 Hz, 1H), 4.52 (d, J = 10.3 Hz, 1H), 1.58 (s, 3H), 1.43 (s,
3H) ppm. *C NMR (75 MHz, CDCls) & 172.4, 143.1, 140.2, 134.6, 134.3, 129.5,
128.9, 128.8, 128.3, 128.2, 127.6, 127.3, 127.1, 87.4, 78.1, 78.0, 25.3, 22.6 ppm.
HRMS(ESI) m/z calcd for [C24H23NO3+H]" 374.1751, found 374.1756.



3-(benzyloxy)-5,5-dimethyl-2-(4-((trimethylsilyl)ethynyl)phenyl)oxazolidin-4-one

(3ia)
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Z
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84.5 mg, 86% vyield, White solid, m. p. 80 — 81 °C; *H NMR (300 MHz, CDCls) &
7.52 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.2 Hz, 2H), 7.29 (m, 3H), 7.22 — 7.07 (m, 2H),
5.58 (s, 1H), 4.88 (d, J = 10.1 Hz, 1H), 4.41 (d, J = 10.1 Hz, 1H), 1.54 (s, 3H), 1.41 (s,
3H), 0.26 (s, 9H) ppm. *C NMR (75 MHz, CDCl) & 172.6, 135.9, 134.1, 132.2,
129.5, 129.0, 128.4, 127.6, 125.1, 104.2, 95.7, 87.2, 78.2, 78.1, 25.2, 22.5, -0.2 ppm.
HRMS(ESI) m/z calcd for [CsH,7NOsSi+H]" 394.1833, found 394.1842.

3-(benzyloxy)-5,5-dimethyl-2-(m-tolyl)oxazolidin-4-one (3ja)

BnO_
N//g<
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72.3 mg, 93% yield, White solid, m. p. 43 — 45 °C; *"H NMR (300 MHz, CDCl3) &
7.51-7.43 (m, 1H), 7.37 — 7.22 (m, 5H), 7.22 — 7.08 (m, 3H), 5.93 (s, 1H), 4.94 (d, J
=10.1 Hz, 1H), 4.45 (d, J = 10.1 Hz, 1H), 2.38 (s, 3H), 1.54 (s, 3H), 1.42 (s, 3H) ppm.
3C NMR (75 MHz, CDCls) & 172.6, 137.5, 134.3, 133.1, 130.9, 129.8, 129.4, 128.9,
128.3, 127.9, 126.3, 84.9, 78.1, 78.0, 24.8, 22.5, 18.7 ppm. HRMS(ESI) m/z calcd for
[C19H21NO3z+H]" 312.1594, found 312.1590.

3-(benzyloxy)-5,5-dimethyl-2-(o-tolyl)oxazolidin-4-one (3ka)

BnO_
N//§<
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Me
70.8 mg, 91% yield, Colorless oil; *H NMR (300 MHz, CDCl3) & 7.28 (m, 7H), 7.17
(dd, J=6.5, 2.8 Hz, 2H), 5.57 (s, 1H), 4.92 (d, J = 10.1 Hz, 1H), 4.43 (d, J = 10.1 Hz,
1H), 2.37 (s, 3H), 1.55 (s, 3H), 1.40 (s, 3H) ppm. *C NMR (75 MHz, CDCl3) & 172.2,
138.2, 135.6, 134.2, 130.9, 129.4, 128.8, 128.4, 128.2, 124.8, 87.5, 78.0, 77.9, 25.1,

22.5, 21.2 ppm. HRMS(ESI) m/z calcd for [CigH2iNOs+H]" 312.1594, found
312.1599.



3-(benzyloxy)-2-(2-hydroxyphenyl)-5,5-dimethyloxazolidin-4-one (3la)

BnO_
N//§<
o
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63.5 mg, 81% yield, White solid, m. p. 158 — 159 °C; *H NMR (300 MHz, DMSO-d¢)
8 9.97 (s, 1H), 7.49 — 7.11 (m, 7H), 6.99 — 6.79 (m, 2H), 6.29 (s, 1H), 4.95 (d, J =
10.0 Hz, 1H), 4.67 (d, J = 10.0 Hz, 1H), 1.41 (s, 3H), 1.34 (s, 3H) ppm. *C NMR (75
MHz, DMSO-dg) & 170.4, 156.7, 134.5, 130.9, 129.2, 128.8, 128.7, 128.3, 121.7,

119.1, 115.7, 81.0, 77.1, 76.8, 24.8, 229 ppm. HRMS(ESI) m/z calcd for
[C1sH10NO4+Na]"™ 336.1206, found 336.1209.

3-(benzyloxy)-2-(3,4-dimethoxyphenyl)-5,5-dimethyloxazolidin-4-one (3ma)

BnO_
NJ§<
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MeO
88.4 mg, 99% yield, White solid, m. p. 102 — 104 °C: 'H NMR (300 MHz, CDCls) 6
7.38 — 7.14 (m, 5H), 7.03 (dd, J = 8.2, 1.7 Hz, 1H), 6.91 (m, 2H), 5.56 (s, 1H), 4.93 (d,
J =10.2 Hz, 1H), 4.49 (d, J = 10.3 Hz, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 1.56 (s, 3H),
1.42 (s, 3H) ppm. ¥C NMR (75 MHz, CDCl3) 6 172.3, 150.4, 149.0, 134.3, 129.4,

129.1, 128.8, 128.2, 127.9, 120.8, 110.6, 109.8, 87.5, 77.9, 77.8, 55.8, 55.6, 25.2, 22.4
ppm. HRMS(ESI) m/z caled for [CaoH23sNOs+H]™ 358.1649, found 358.1655.

3-(benzyloxy)-2-(4-chloro-2-fluorophenyl)-5,5-dimethyloxazolidin-4-one (3na)

BnO_
N//g<
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80.2 mg, 92% yield, Colorless oil;*"H NMR (300 MHz, CDCls) & 7.44 (dd, J = 8.7,
6.1 Hz, 1H), 7.35 - 7.17 (m, 5H), 7.11 (dd, J = 8.4, 2.4 Hz, 1H), 7.00 (td, J = 8.4, 2.4
Hz, 1H), 6.14 (s, 1H), 5.00 (d, J = 10.5 Hz, 1H), 4.69 (d, J = 10.5 Hz, 1H), 1.52 (s,
3H), 1.42 (s, 3H) ppm. *C NMR (75 MHz, CDCls) § 172.2, 162.9 (d, J = 251.4 Hz),
135.3 (d, J = 10.5 Hz), 134.1, 130.7 (d, J = 9.3 Hz), 129.4, 129.1 (d, J = 3.6 H2z),
128.9, 128.3, 117.1 (d, J = 24.7 Hz), 114.7 (d, J = 21.3 Hz), 83.3, 78.2, 77.8, 24.9,
22.8 ppm. HRMS(ESI) m/z calcd for [C1gH17CIFNO3z+H]" 350.0954, found 350.0955.



3-(benzyloxy)-2-(4-hydroxy-3-methoxyphenyl)-5,5-dimethyloxazolidin-4-one (30a)

BnO_ 2
NJ§<
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70.2 mg, 82% yield, White solid, m. p. 104 — 106 °C; *H NMR (300 MHz, CDCls) &
7.29 (m, 3H), 7.23 -7.12 (m, 2H), 6.97 (d, J = 0.7 Hz, 2H), 6.90 (s, 1H), 6.04 (s, 1H),
5.54 (s, 1H), 4.94 (d, J =10.2 Hz, 1H), 4.49 (d, J = 10.2 Hz, 1H), 3.87 (s, 3H), 1.56 (s,
3H), 1.42 (s, 3H) ppm. *C NMR (75 MHz, CDCly) & 172.5, 147.4, 146.8, 134.3,
129.5, 128.9, 128.3, 127.3, 121.6, 114.3, 109.4, 87.7, 78.1, 78.0, 55.8, 25.3, 22.5 ppm.
HRMS(ESI) m/z calcd for [C1H2:NOs+Na]* 366.1312, found 366.1311.

3-(benzyloxy)-5,5-dimethyl-2-(naphthalen-1-yl)oxazolidin-4-one (3pa)

BnO_ o
N//§<
(L
85.9 mg, 99% vield, Colorless oil; *H NMR (300 MHz, CDCls) 6 8.31 — 8.10 (m, 1H),
7.90 (dd, J = 11.5, 5.0 Hz, 2H), 7.70 (d, J = 6.6 Hz, 1H), 7.61 — 7.41 (m, 3H), 7.32 —
7.06 (m, 3H), 6.95 (d, J = 6.8 Hz, 2H), 6.37 (s, 1H), 4.87 (d, J = 10.1 Hz, 1H), 4.34 (d,
J=10.1 Hz, 1H), 1.59 (s, 3H), 1.49 (s, 3H) ppm. *C NMR (75 MHz, CDCl5) § 172.8,
134.0, 133.8, 131.3, 130.7, 130.5, 129.4, 128.8, 128.8, 128.2, 126.7, 126.5, 125.9,

125.0, 123.0, 85.8, 78.2, 78.0, 24.8, 22.7 ppm. HRMS(ESI) m/z calcd for
[C22H21NOz+Na]* 370.1414, found 370.1415.

3-(benzyloxy)-2-(furan-2-yl)-5,5-dimethyloxazolidin-4-one (3ga)

BnO_
N//§<
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71.1 mg, 99% vyield, White solid, m. p. 70 — 72 °C;*H NMR (300 MHz, CDCls) &
7.50 (s, 1H), 7.42 — 7.17 (m, 5H), 6.56 (d, J = 2.9 Hz, 1H), 6.42 (dd, J = 3.2, 1.8 Hz,
1H), 5.64 (s, 1H), 4.99 (d, J = 10.3 Hz, 1H), 4.58 (d, J = 10.3 Hz, 1H), 1.53 (s, 3H),
1.40 (s, 3H) ppm. **C NMR (75 MHz, CDCls) & 171.4, 148.4, 144.1, 134.2, 129.5,
129.0, 128.4, 112.3, 110.6, 80.9, 78.2, 78.0, 25.0, 23.6 ppm. HRMS(ESI) m/z calcd
for [C16H17NO4+H]"™ 288.1230, found 288.1230.



3-(benzyloxy)-5,5-dimethyl-2-(thiophen-2-yl)oxazolidin-4-one (3ra)
o}
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73.6 mg, 97% vyield, White solid, m. p. 86 — 88 °C;'H NMR (300 MHz, CDCls) &
7.45 (d, J = 4.9 Hz, 1H), 7.40 — 7.15 (m, 6H), 7.03 (dd, J = 4.9, 3.6 Hz, 1H), 5.90 (s,
1H), 4.98 (d, J = 10.0 Hz, 1H), 4.53 (d, J = 10.0 Hz, 1H), 1.55 (s, 3H), 1.40 (s, 3H)
ppm. *C NMR (75 MHz, CDCls) & 171.9, 140.2, 134.2, 129.5, 128.9, 128.6, 128.4,
128.1, 126.7, 83.7, 78.4, 78.2, 25.3, 22.7 ppm. HRMS(ESI) m/z calcd for
[C16H17NO3S+Na]* 326.0821, found 326.0828.

3-(benzyloxy)-5,5-dimethyl-2-(2-methyl-1H-indol-3-yl)oxazolidin-4-one (3sa)

BnO_
N//§<
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76.2 mg, 87% yield, White solid, m. p. 181 — 183 °C; 'H NMR (300 MHz, CDCls) &
8.65 (s, 1H), 7.76 — 7.61 (m, 1H), 7.32 — 7.07 (m, 6H), 7.02 (d, J = 6.3 Hz, 2H), 6.00
(s, 1H), 4.90 (d, J = 10.4 Hz, 1H), 4.40 (d, J = 10.4 Hz, 1H), 2.34 (s, 3H), 1.64 (s, 3H),
1.45 (s, 3H) ppm. **C NMR (75 MHz, CDCls) 6 173.2, 136.9, 135.5, 134.6, 129.2,
128.6, 128.2, 126.4, 121.7, 120.2, 118.9, 110.8, 104.8, 82.6, 78.2, 77.6, 24.5, 22.0,
11.5 ppm. HRMS(ESI) m/z calcd for [C21H2N205+H]* 351.1073, found 351.1071.

3-(benzyloxy)-2-ferrocenyl-5,5-dimethyloxazolidin-4-one (3ta)
(I)Bn
@\(N 0]
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90.3 mg, 89% yield, Yellow solid, m. p. 119 — 121 °C; *H NMR (300 MHz, CDCI3) &
7.30 (s, 5H), 5.53 (s, 1H), 4.87 (d, J =9.8 Hz, 1H), 4.47 (d, J = 9.8 Hz, 1H), 4.34 (d, J
=5.4 Hz, 2H), 4.25 (s, 2H), 4.21 (s, 5H), 1.49 (s, 3H), 1.40 (s, 3H) ppm. **C NMR (75
MHz, CDCl3) & 171.5, 134.2, 129.6, 128.8, 128.3, 85.3, 83.3, 78.3, 77.5, 69.1, 69.0,
68.9, 68.6, 65.5, 25.2, 22.8 ppm. HRMS(ESI) m/z calcd for [CaH2FeNOs+Na]*
428.0920, found 428.0925.



3-(benzyloxy)-2-cyclohexyl-5,5-dimethyloxazolidin-4-one (3ua)

BnO_
NJ§<
O/ho

43.9 mg, 58% yield, Colorless oil; *"H NMR (300 MHz, CDCls) & 7.62 — 7.27 (m, 5H),
5.16 (d, J = 10.5 Hz, 1H), 4.96 (d, J = 10.5 Hz, 1H), 4.54 (d, J = 1.5 Hz, 1H), 1.66 (m,
6H), 1.38 (s, 3H), 1.28 (s, 3H), 1.24 — 1.03 (m, 5H) ppm. **C NMR (75 MHz, CDCls)
5 171.8,134.5, 129.5, 129.0, 128.4, 89.3, 77.0, 77.0, 39.2, 27.2, 26.1, 25.5, 24.5, 24.4,
23.1 ppm. HRMS(ESI) m/z calcd for [C1gH2sNO3z+Na]* 326.1727, found 326.1733.

3-(benzyloxy)-5,5-dimethyl-2-phenethyloxazolidin-4-one (3va)

BnO\N//é)<
|:)h/\/L

o)

48.4 mg, 60% vyield, Colorless oil; 'H NMR (300 MHz, CDCls) & 7.40 — 6.97 (m,
10H), 5.06 (d, J = 10.6 Hz, 1H), 4.88 (d, J = 10.6 Hz, 1H), 4.64 (dd, J = 6.2, 2.6 Hz,
1H), 2.58 (m, 2H), 2.05 — 1.88 (m, 1H), 1.80 — 1.67 (m, 1H), 1.35 (s, 3H), 1.23 (s, 3H)
ppm. *C NMR (75 MHz, CDCl3) & 172.1, 140.9, 134.6, 129.6, 129.1, 128.6, 128.4,
128.3, 126.0, 114.9, 85.7, 77.8, 77.5, 34.7, 28.8, 25.1, 23.0 ppm. HRMS(ESI) m/z
calcd for [CooH2sNO3s+H]" 326.1751, found 351.1747.

(E)-3-(benzyloxy)-5,5-dimethyl-2-(prop-1-en-1-yl)oxazolidin-4-one (3wa)

BnO\N//é)<
/\/k

O

62.6 mg, 96% yield, Colorless oil; *"H NMR (300 MHz, CDCls) & 7.46 — 7.30 (m, 5H),
5.91 (dqg, J = 13.2, 6.6 Hz, 1H), 5.25 (m, 8.1, 1H), 5.00 (m, 3H), 1.74 (dd, J = 6.6, 1.4
Hz, 3H), 1.42 (s, 3H), 1.32 (s, 3H) ppm.**C NMR (75 MHz, CDCls) & 172.1, 135.5,
134.5, 129.7, 128.9, 128.3, 127.2, 87.5, 78.0, 77.2, 25.3, 22.8, 17.6 ppm. HRMS(ESI)
m/z calcd for [C1sH1oNOs+Na]* 284.1257, found 284.1263.
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(E)-3-(benzyloxy)-5,5-dimethyl-2-styryloxazolidin-4-one (3xa)

BnO_
NJg<
o~

79.9 mg, 99% yield, White solid, m. p. 125 — 127 °C; *H NMR (300 MHz, CDCls) &
7.31 (m, 10H), 6.69 (d, J = 15.8 Hz, 1H), 5.88 (dd, J = 15.8, 7.8 Hz, 1H), 5.19 (d, J =
7.7 Hz, 1H), 5.08 (d, J = 10.5 Hz, 1H), 4.95 (d, J = 10.5 Hz, 1H), 1.47 (s, 3H), 1.37 (s,
3H) ppm. *C NMR (75 MHz, CDCls) & 172.3, 137.8, 134.9, 134.5, 129.8, 129.0,
128.8, 128.5, 128.4, 127.0, 124.3, 87.7, 78.3, 77.6, 25.4, 22.9 ppm. HRMS(ESI) m/z
calcd for [CooH21NOz+H]" 324.1594, found 324.1593.

(E)-3-(benzyloxy)-5,5-dimethyl-2-(4-nitrostyryl)oxazolidin-4-one (3ya)

BnO_
N//g<
W °
O,N

89.2 mg, 97% yield, Yellow solid, m. p. 102 — 103 °C; *H NMR (300 MHz, CDCls) &
8.21 (d, J = 8.7 Hz, 2H), 7.47 (d, J = 8.7 Hz, 2H), 7.41 — 7.20 (m, 5H), 6.72 (d, J =
15.9 Hz, 1H), 5.95 (dd, J = 15.9, 7.6 Hz, 1H), 5.19 (d, J = 7.5 Hz, 1H), 5.09 (d, J =
10.9 Hz, 1H), 4.99 (d, J = 10.9 Hz, 1H), 1.49 (s, 3H), 1.40 (s, 3H) ppm.*C NMR (75
MHz, CDCl3) 8 172.0, 147.2, 140.8, 134.5, 134.1, 129.5, 128.7, 128.6, 128.0, 127.3,
123.5, 86.5, 77.8, 76.2, 25.0, 22.6 ppm. HRMS(ESI) m/z calcd for [C2oH20N20s+Na]*
391.1264, found 391.1270.

3-(benzyloxy)-2-ethoxy-5,5-dimethyloxazolidin-4-one (3za)

BnO_
N
EtO/LO

50.9 mg, 77% yield, Colorless oil; *"H NMR (300 MHz, CDCls) & 7.57 — 7.31 (m, 5H),
5.51 (s, 1H), 5.08 (q, J = 10.7 Hz, 2H), 3.62 (m, 2H), 1.46 (s, 3H), 1.36 (s, 3H), 1.23
(t, J = 7.1 Hz, 3H) ppm. **C NMR (75 MHz, CDCls) & 170.7, 134.7, 129.5, 129.0,
128.5, 103.4, 78.3, 77.7, 61.1, 25.3, 25.0, 15.0 ppm. HRMS(ESI) m/z calcd for
[C14H10NO4+Na]" 288.1206, found 288.1208.
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2-([1,1'-biphenyl]-4-yl)-3-(tert-butoxy)-5,5-dimethyloxazolidin-4-one (3hb)

'BuO_
N//§<
0y
Ph

83.9 mg, 99% yield, White solid, m. p. 163 — 164 °C; *H NMR (300 MHz, CDCls) &
7.63 (m, 4H), 7.53 (d, J = 8.0 Hz, 2H), 7.45 (t, J = 7.4 Hz, 2H), 7.37 (d, J = 7.2 Hz,
1H), 5.88 (s, 1H), 1.52 (d, J = 20.7 Hz, 6H), 1.09 (s, 9H) ppm. **C NMR (75 MHz,
CDCls) 5 176.1, 142.8, 140.3, 135.4, 128.8, 128.6, 127.6, 127.1, 89.2, 84.0, 77.6, 27.5,
25.6, 23.7 ppm. HRMS(ESI) m/z caled for [CyH,sNOs+Na]® 362.1727, found
362.1731.

2-([1,1'-biphenyl]-4-yl)-3-ethoxy-5,5-dimethyloxazolidin-4-one (3hc)
0]

EtO,
N//g<
o
Ph

76.2 mg, 98% yield, White solid, m. p. 101 — 103 °C; *H NMR (300 MHz, CDCly) &
7.78 — 7.54 (m, 6H), 7.46 (t, J = 7.4 Hz, 2H), 7.39 (d, J = 7.1 Hz, 1H), 5.83 (s, 1H),
3.97 — 3.76 (m, 1H), 3.66 — 3.45 (m, 1H), 1.60 (s, 3H), 1.47 (s, 3H), 1.09 (t, J = 7.0
Hz, 3H) ppm. 3C NMR (75 MHz, CDCls) & 173.4, 143.2, 140.3, 135.0, 128.9, 128.2,
127.7, 127.4, 127.1, 87.4, 78.2, 72.2, 25.4, 22.5, 13.5 ppm. HRMS(ESI) m/z calcd for
[C1oH2:NOs+Na]* 334.1414, found 334.1420.

2-([1,1'-biphenyl]-4-yl)-3-methoxy-5,5-dimethyloxazolidin-4-one (3hd)

MeQO_
N//g<
e
Ph

72.8 mg, 98% yield, White solid, m. p. 145 — 146 °C; *H NMR (300 MHz, CDCls) &
7.64 (m, J=19.9, 6H), 7.45 (t, J = 7.4 Hz, 2H), 7.37 (d, J = 7.2 Hz, 1H), 5.82 (s, 1H),
3.55 (s, 3H), 1.59 (s, 3H), 1.46 (s, 3H) ppm.**C NMR (75 MHz, CDCl3) & 173.0,
143.2, 140.2, 134.8, 128.8, 128.1, 127.7, 127.3, 127.1, 86.9, 78.1, 64.1, 25.3, 22.4
ppm. HRMS(ESI) m/z calcd for [C1sH1sNO3s+Na]* 320.1257, found 320.1262.
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2-([1,1'-biphenyl]-4-yl)-3-(benzyloxy)-5-phenyloxazolidin-4-one (3he)

BnO_
N
Ph
0
Ph

For the major diastereomer: 58.5 mg, 55% yield, White solid, m. p. 127 — 129 °C;
'"H NMR (300 MHz, CDCls) § 7.44 (m, 19H), 5.85 (s, 1H), 5.28 (s, 1H), 4.96 (d, J =
10.2 Hz, 1H), 4.56 (d, J = 10.2 Hz, 1H) ppm.**C NMR (126 MHz, CDCls) § 169.6,
143.4, 140.3, 135.1, 134.4, 129.5, 128.9, 128.9, 128.9, 128.7, 128.6, 128.4, 127.8,
127.4, 127.2, 126.9, 89.4, 785, 77.7 ppm. HRMS(ESI) m/z calcd for
[CasH23NO3z+Na]" 444.1570, found 444.1573.

For the minor diastereomer: 16.7 mg, 16% yield, White solid, m. p. 142 — 143 °C;
'"H NMR (300 MHz, CDCls) § 7.64 (m, 4H), 7.56 — 7.16 (m, 15H), 5.76 (d, J = 1.6 Hz,
1H), 5.48 (s, 1H), 5.03 (d, J = 10.7 Hz, 1H), 4.73 (d, J = 10.7 Hz, 1H) ppm. *C NMR
(75 MHz, CDCls) 6 167.3, 143.3, 140.3, 135.5, 134.7, 134.4, 129.8, 129.2, 128.9,
128.7, 128.7, 128.6, 128.0, 127.8, 127.5, 127.2, 126.3, 89.6, 78.1, 76.6 ppm.
HRMS(ESI) m/z caled for [CosH23NO3z+Na]* 444.1570, found 444.1572.

2-([1,1'-biphenyl]-4-yl)-3-(benzyloxy)-5-methyloxazolidin-4-one (3hf and 3hg)

BnO_
N
Me
O
Ph

For the major diastereomer: 45.7mg, 51% yield (X = Br), 39.4 mg, 44% yield (X =
Cl), White solid, m. p. 132 — 133 °C; *H NMR (300 MHz, CDCls) § 7.61 (t, J = 7.8
Hz, 4H), 7.55 - 7.39 (m, 4H), 7.37 (d, J = 7.2 Hz, 1H), 7.30 — 7.06 (m, 5H), 5.64 (d, J
=1.2 Hz, 1H), 4.94 (d, J = 10.2 Hz, 1H), 4.49 (d, J = 10.2 Hz, 1H), 4.38 (m, 1H), 1.57
(d, J = 6.7 Hz, 3H) ppm. *C NMR (75 MHz, CDCls) & 171.2, 143.3, 140.3, 134.5,
134.3, 129.5, 128.9, 128.9, 128.4, 128.4, 127.8, 127.4, 127.2, 89.4, 78.4, 72.8, 17.7
ppm. HRMS(ESI) m/z calcd for [C23H2:NOs+Na]* 382.1414, found 382.1415.

For the minor diastereomer: 15.8 mg, 17% yield (X = Br), 10.9 mg, 12% yield (X =
Cl), White solid, m. p. 102 — 104 °C; *H NMR (300 MHz, CDCls) & 7.83 — 7.07 (m,
14H), 5.66 (d, J = 1.4 Hz, 1H), 5.01 (d, J = 10.5 Hz, 1H), 4.65 (m, 2H), 1.48 (d, J =
6.9 Hz, 3H) ppm. **C NMR (75 MHz, CDCl3) & 170.2, 148.8, 143.1, 140.3, 134.9,
134.5, 129.6, 129.1, 128.9, 128.5, 127.9, 127.7, 127.5, 127.2, 127.1, 115.0, 88.8, 78.2,
72.1, 17.0 ppm. HRMS(ESI) m/z calcd for [Ca3H2iNOs+H]™ 360.1594, found
360.1593.
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2-([1,1'-biphenyl]-4-yl)-3-(benzyloxy)-5-ethyloxazolidin-4-one (3hh)

BnO_
N
Et
O
Ph

For the major diastereomer: 46.1 mg, 49% yield, White solid, m. p. 97 — 99 °C; *H
NMR (300 MHz, CDCls) 6 7.41 (m, 14H), 5.66 (s, 1H), 4.91 (d, J = 10.2 Hz, 1H),
4.53 (d, J = 10.2 Hz, 1H), 4.30 (t, J = 4.4 Hz, 1H), 2.15-1.83 (m, 2H), 1.10 (t, J =
7.3 Hz, 3H) ppm. *C NMR (75 MHz, CDCls) & 171.0, 143.2, 140.3, 134.5, 134.4,
129.5, 128.8, 128.8, 128.4, 128.3, 127.7, 127.3, 127.1, 89.3, 78.3, 77.2, 24.6, 8.8 ppm.
HRMS(ESI) m/z calcd for [Co4H23NOs+H]" 374.1751, found 374.1757.

For the minor diastereomer: 11.2 mg, 12% yield, White solid, m. p. 97 — 99 °C; H
NMR (300 MHz, CDCl3) 6 7.93 — 6.98 (m, 14H), 5.65 (s, 1H), 5.00 (d, J = 10.6 Hz,
1H), 4.68 (d, J = 10.6 Hz, 1H), 4.49 (s, 1H), 1.86 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H)
ppm. *C NMR (75 MHz, CDCls) & 169.4, 143.1, 140.3, 135.2, 134.5, 129.6, 129.1,
128.9, 128.5, 127.9, 127.7, 127.5, 127.2, 89.4, 78.3, 76.6, 24.8, 9.0 ppm. HRMS(ESI)
m/z calcd for [Co4H23sNO3s+H]" 374.1751, found 374.1758.

3-(benzyloxy)-2-(5-(4-((3-chloro-4-((3-fluorobenzyl)oxy)phenyl)amino)quinazolin-6
-yl)furan-2-yl)-5,5-dimethyloxazolidin-4-one (5aa)

? o L
JORCN
BnQ
\_ N~
(@) O:é

HN I
N&K/@/(>§‘<
k\N

129.9 mg, 78% vyield, Yellow solid, m. p. 190 — 191 °C; 'H NMR (300 MHz,
DMSO-ds) 6 9.94 (s, 1H), 8.82 (s, 1H), 8.58 (s, 1H), 8.14 (d, J = 8.6 Hz, 1H), 8.01 (d,
J =21 Hz 1H), 7.86 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 6.8 Hz, 1H), 7.56 — 7.26 (m,
8H), 7.24 — 7.09 (m, 2H), 7.00 (d, J = 3.2 Hz, 1H), 6.12 (s, 1H), 5.27 (s, 2H), 5.02 (d,
J=10.4 Hz, 1H), 4.79 (d, J = 10.3 Hz, 1H), 1.52 (s, 3H), 1.39 (s, 3H) ppm. **C NMR
(75 MHz, DMSO-d) 8 170.2, 165.6, 157.7, 154.7, 153.9, 149.9, 149.3, 148.9, 139.6,
134.3, 132.9, 130.6, 130.5, 129.3, 128.9, 128.7, 128.5, 128.4, 127.5, 124.3, 123.3,
122.5,121.1, 117.8, 115.3, 114.9, 114.8, 114.5, 114.4, 114.2, 113.9, 107.8, 79.9, 77.6,
77.3, 69.4, 25.1, 23.6 ppm. HRMS(ESI) m/z calcd for [Cs7H30CIFN4Os+H]"665.1962,
found 665.1961.
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3-(benzyloxy)-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-5,5-dim
ethyloxazolidin-4-one (5ca)

91.6 mg, 90% yield, Colorless oil; '"H NMR (300 MHz, CDCls) & 7.58 — 7.14 (m,
10H), 5.86 (s, 1H), 5.13 (d, J = 10.9 Hz, 1H), 4.93 (d, J = 10.9 Hz, 1H), 3.08 (s, 3H),
2.17 (s, 3H), 1.53 (s, 3H), 1.34 (s, 3H) ppm. *C NMR (75 MHz, CDCl3) 5 171.8,
163.7, 154.2, 134.5, 133.9, 129.1, 128.9, 128.4, 128.0, 127.0, 124.7, 100.4, 79.8, 77.3,
77.2, 34.1, 23.9, 22.1, 10.5 ppm. HRMS(ESI) m/z calcd for [Ca3H2sN3O4+H]"
408.1918, found 408.1917.

3-(benzyloxy)-2-cyclopropyl-5,5-dimethyloxazolidin-4-one (3Aa)

o)

62.6 mg, 96% yield, White solid, m. p. 43 — 45 °C; *"H NMR (300 MHz, CDCl3) &
7.46 (dd, J = 6.4, 2.9 Hz, 2H), 7.37 (m, 3H), 5.16 (d, J = 10.1 Hz, 1H), 5.06 (d, J =
10.1 Hz, 1H), 4.09 (d, J = 7.7 Hz, 1H), 1.44 (s, 3H), 1.30 (s, 3H), 0.99 (m, 1H), 0.72 -
0.56 (m, 2H), 0.54 — 0.45 (m, 1H), 0.39 (m, 1H) ppm. **C NMR (75 MHz, CDCl5) 5
172.4, 134.4, 129.6, 128.9, 128.3, 90.5, 78.2, 77.2, 25.2, 22.6, 13.5, 1.4, 0.8 ppm.
HRMS(ESI) m/z calcd for [C1sH10NOs+Na]™ 284.1257, found 284.1262.

2-([1,1'-biphenyl]-4-yl)-3-(allyloxy)-5,5-dimethyloxazolidin-4-one (3hi)

¢\/O\ O
N//g<
ﬁo
Ph

78.3 mg, 97% vyield, White solid, m. p. 88 — 90 °C; *H NMR (300 MHz, CDCls) &
7.63 (m, 6H), 7.41 (m, 3H), 5.96 — 5.68 (m, 2H), 5.16 (m, 2H), 4.24 (dd, J =11.5,7.1
Hz, 1H), 4.07 (dd, J = 11.5, 6.0 Hz, 1H), 1.58 (s, 3H), 1.46 (s, 3H) ppm. **C NMR (75
MHz, CDCls) 6 173.0, 143.2, 140.2, 134.8, 131.7, 128.8, 128.3, 127.7, 127.3, 127.1,
120.8, 87.4, 78.1, 77.2, 25.3, 22.7. HRMS(ESI) m/z calcd for [CyoH,iNOs+Na] *
346.1414, found 346.1415.
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4. Preparation of 4-Formylantipyrine?

To a solution of DMF (0.76 mL, 9.9 mmol) in a 50 mL round-bottomed flask
cooled to 0 <€ was added POCI; (0.69 mL, 7.4 mmol). After 30 min, antipyrine (4b,
0.92 g, 4.9 mmol) was added to the mixture. The mixture was heated at 85 <C for 3 h
and allowed to cool to rt. The mixture was poured into a mixture of ice, and the pH of
the mixture was adjusted to ~11 with NaOH (2 N). The mixture was then extracted
with DCM three times. The combined organic phases were washed with brine, dried
over Na;SO., filtered, and concentrated in vacuo. The residue was recrystallized from
PE and EA, affording the desired product as a white solid (0.72 g, 68%).

2 Liy, L.; Norman, M. H.; Lee, M.; Xi, N.; Siegmund, A.; Boezio, A. A;; Booker, S.; Choquette, D.; D’Angelo, N. D.; Germain, J.;
Yang, K;; Yang, Y.; Zhang, Y.; Bellon, S. F.; Whittington, D. A.; Harmange, J.-C.; Dominguez, C.; Kim, T.-S.; Dussault, L. J. Med.
Chem. 2012, 55, 1868.
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5. General Procedure for N—O Bond Cleavage Reaction
a) General Procedure®

To a solution of Oxazolidin-4-one 3ha (74.6 mg, 0.2 mmol, 1 eq) in
acetonitrile/water (9:1, 2 mL), Mo(CO)s (63.4 mg, 0.24 mmol, 1.2 eq) was added. The
reaction was stirred at 120 °C under argon for 12 h. After cooling to room temperature,
the mixture was the filtered through celite and washed with ethyl acetate. Then,
filtrate was concentrated under rotary evaporation, and the resulting residue was
purified by silica gel chromatography (PE/EA = 5/1) to afford 4ha as a white solid
(47.2 mg, 88%).

b) Characterization of the Products

2-([1,1'-biphenyl]-4-yl)-5,5-dimethyloxazolidin-4-one (6ha)
0]

<

)

Ph
47.2 mg, 88% yield, White solid, m. p. 215 — 216 °C; *H NMR (300 MHz, DMSO-ds)
3 9.11 (s, 1H), 7.87 — 7.61 (m, 4H), 7.61 — 7.25 (m, 5H), 6.06 (s, 1H), 1.34 (d, J =4.9
Hz, 6H) ppm. **C NMR (75 MHz, DMSO-ds) & 175.9, 141.1, 139.6, 138.6, 129.0,
127.7, 127.4, 126.8, 126.8, 83.8, 78.5, 25.0, 22.9 ppm. HRMS(ESI) m/z calcd for
[C17H17NO»+H]" 268.1332, found 268.1336.

% DiPoto, M. C.: Hughes, R. P.;; Wu, J. J. Am. Chem. Soc. 2015, 137, 14861.
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Copies of '"H NMR and **C NMR Spectra of the Titled Compounds

—_— o™ 1 =
z . g =
s =] = =
oo [=23 o [=3
] — — =}
|
[e]
%\N,O'Bu
Br H
2b
TH NMR {300 MHz CDCl3)
1
g . ..
re T T
S g S
a3 3 =
5 90 85 80 75 7.0 6.5 6.0 55 50 45 4.0 35 30 2.5 20 15 1.0
f1 (ppm)
o
[ — oo =) =
5 oo &N f=3 [
~ = [ oo Wy
=] 08 T Gy = b
~— L == = Ll
— oo o o
| N~ |

(o}

O'Bu
N
S

2
3¢ NMR (75 MHz CDOCL3)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

18




000 0—

90L6'l—

(LOR'E—

LS6g'L

E6SE6—

N ~Olle

o]
e

H
2d
TH NMR {300 MHz CDCly)

F00'E

Twm 0

v
I

3.0

50
f1 (ppm)

wy
wi

6.0

F00Z'2E—

65068 —
PLSL O —
TLLS 9L

AN
0000 LL—F
7

UL XA VR

65997691 —

om
n-oMe
H

[o]
e

2d
3¢ NWIR (75 MHz CDCls)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

19



000 0—

SLSE'l—

L8LE P,
foEFE
- 1
Z9KE S
18965

LoLE's
9€0b's ¢
OF6'S
1L96'
£9L6'S
0686°5
L1109
P20
9€£0'9
0950°9

SlEL—

GELP6—

L

2i
TH NMR (300 MHz CDCl3)

%cm 9

-§6'0

0.0

“
[

3.0

f1 (ppm)

REOL'TE—

06L6'85—

OPLS 9L
1000'LL

T090'LL-]
vﬂmv,wbg

gz0llgl—

LZ99'LEL =

ZEF'IL—

o}
O
N 2
Br
2

H
i

3¢ NMR (75MHz CDCly)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

20



anoo'0-—

[
08951 —

£S6E P
88T

LSOGT~,
€686

8019C—

8681 LA

LILTL ﬁ
98T 'L

sose ]
o00s
090 L
€15k i
919%'L
90LP'L
88gtL]

Jaa

H MMR (300 MHz CDCly)

Mo

-0L'E
e

Frot

Foo't

Fiso

Lol
€6°T

s

wy
]

3.0

wy
wi

6.0

9.0

@

f1 (ppm)

PLOSTT~
SRLZSe—

SPLS 9L
0000’ :L
eszrii\
TLPOSL
PSILSL
9pRS LS —

PSOLLT1Y
[8€E'8T1
109" xm;.
SLO6'STL
a_m 62 iﬁ
S1LT0E ;.‘
100z ve 1
szzeser!

LLSETLL—

“
ShiS9L— - e
0000"LE— < L2
=
_
€5TrLL— - w &,
0B
=
o
TLPO'RL~ - re
PSLIRL
J n
W e
2
Q
o X, #
= =
o oL
& £
=z
&

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

21



L0000 — _ Lo
| ]
[=]
LLST'1T~
Lo 266S'TT
- 612577
9LOF" L~ F50E |
LISS'T— — Faref ~
- 1.
) &
916€'T— — Teos] o,
J [ ed
- 695917
e TPRE9LY
a80p'LLL
| w 8116'LL]
o £810°8L7
LESF L8 —
[=]
e
61T b~ B .3
955k 010
BGOH b B Leot @
€567 Lo
PEOL LT
w . ST0ESTLY
5= - I UEPR'RTL ¢ -
ol = Foot :zm.a%
8 o S805TLY
o L= gy |
ojko c o sLsLzeld
. = z peazpel
LiLl'Ly g 23 v sssziopL =
SP8LL = 8 Lo 3
9961°L z . JX 8
2202°LA . 2 o 2
9912"LA L & Lo S I'E
0EpT Lk L %S,M g ga
: _ = L6 g
= O
GO0E 'L s 5
908", -
LLEE'L Lo
pposLd
L
=]
L e
{=3
Lw

1200 110 100 90 80 70
f1 (ppm)
22

130

140




anoon—

£z0r'l—
08P —

HRLRE

ELTE P
Loy

0968 7,
L6z6'r

EE0S°C—

6V26°94
ommn,.i_
SP8L LA
%2.\5?
2202 L
6182°L\
TLRT'L
6L6TL
8E0EL
PROE'L
1L6gLd

o]
e
Q

BnO.
Jea
TH NMR (300 MHz CDCly)

Mel

0.0

wy
]

3.0

wy
wi

6.0

9.0

f1 (ppm)

L8P T~
STRLSE

STRLSS—

OPLS 9Ly
1000 LLy
SETFLL
LLLS'LL
R000'8L
LI8Z L8 —

IF0GELL —

PZO9'LT
LLLERE
(8188
8EFL'GE
L9FF'6E
FEOT P

N

/

l
L
L
l
L
[

01007191 —

GAOETLL—

MeQ

3ca
3¢ NMR (T5 MHz CDCly)

130 120 110 100 90 8 70
f1 (ppm)

140

23



anoon—

SOLF' L~
LESS'L—

PrSE P,
SRR

LETE 7,
€056

90LS 'S —

0ZLO'Ly
9001°L
T6Tl'L
91o1'L
9891°L
8O81'L
£161°L
STLT 'L~
96RT'L
6808 L
Lzieed
LLGE'L
GhLEL
pzrL
PERRL

(3

u -LLE

= Frot

a
(&}

oJ.VAo # - Foot
= £
g i
o o
=
=
Lox

€6'1

56’1

H0'E

7z

wy
]

3.0

wy
wi

6.0

9.0

@

f1 (ppm)

LPRFTE~
GOZT'Se—

1§L5'9L
0000'LL
zseriLf
SR80°8L
LIL698—

BnO,

LTOS'SLL~,
PTOL'SLL
STRE'RTL
£596°82 L»
066F6Z1
Sqﬁ 1
ZI9L'6ZL
L809°1EL
Lv9LeL]
9607 'v¢ 1

LEF9'IEL

9£01°791
650F'591 <"
LT0S'TLL~

9e0LZoL—

6507591

o]
e
Q

3da
3C NMR (75 MHz CDCls)

F

131.5
fl (ppm)

1317

160

162

166

LTOS'SLL

FEOLSLL

LOPO 6Tt

ZLOL6Et=

1155
fl (ppm}

129.7 116.0
f1 (ppm)

299

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

24



re
0000°0-— - -3
Lo
Y
| o L5577~
= 1L22'55—
EFLP [~ — FOlE|
TLRS 1~ M Feref =
F
“
[ ed
- 05L5'9L
F e 0000°6L
PPEFLLA
- §860'8LT
e applsLs
L906'98—
o
F<
FZSE P, Leot x_\w
8915Y R Bt
o
PETE T Lo
R
s r Y
6LSE T Y SZOR'STLy
PRES'SZL
- B CLw o gsisszl
£LpSS— @ Foot [ wxo__ﬁé%
g zeTs 6zl /g
OﬂWAu 2 Lg  uwerver
11 o = e SPSZHEL
o &3 $060'9€1
J & w
L9l Ly @ z K
0991 'Ly =
BSHL Lo g T =)
00612 [~
0382 LAE Wi
PLLEL WL TLl—
miet L o6ssTLl
6098
0L9€ L] o
Lo6e e [ o
Lo
&
Lw

30

40

60

70

80

100 90
f1 (ppm)
25

110

120

140 130

[s]

BhO, JS<
[¢]

<l
3ea
3¢ NMR (75 MHz CDCLy)
170 160

180

190




0so0'0-—

LLF 1~
FPERS 1

L68E b,
£PIS Y
SETE P,
0856

G6ZS'S

BE9L'Ly
£r81'Ly

85ST LA
00L&
SL62'L
mgm,.%
PLE L
z8EE L
6L1S'L
Lsesed

Br

Ia
THNMR {300 MHz SDCly)

16l
Uk

Froz

wy
]

3.0

f1 (ppm)

wy
wi

6.0

9.0

@

S9Z9'Le~
CERT'ST—

19594
L6694
9ETHLL
%:,xf\\ﬁ
SR1ZSL
9pS0 L8 —

LOSFFEL
TLOF'RTL
Q0E0'6T1
eelreLl
ZaLs 6Ll
LOSELEL
LOST'FEL
6ZSRPEL

BECOTLL—

BnO, ’{<

Br

a
3¢ NMR (75 MHz COCl3)

30

40

100 90 80 70

f1 (ppm)

110

130

140

180 170 160

190

26



S000°0—

ERER] —
6CLE'l—

6ESGE—

LFPP P~
LBLE

P16 7~
SZ86'F

8EEH'S—

6L81°L

SEaLL
SERLL
0992 "L
LRRE LT
GlE L
noLs L
PLES'L
5180°8~,
£601°87"

EnO, P
N

3ga
"H NMR {300 MHz CDCl3)

MeQOC

DI

ﬂ 667

L Tx, z

- / Fent

Lol
-0Le
80T

0.0

wy
]

3.0

9.0

wy

f1 (ppm)

PSe9Ze~
1§LT'ST—

LBOETS —

PoLS 9L
6666947
RETFLLL
862C 8L
£0pe 'L

LOE0'L8—

ENZH'LELY
ZILbseLy
€oLv6el
£185°62 1
[
T

SL8R'6L
SHLE'LE
6571 e
069S"0F

e

L

TrP 99l
CLIOTLL—

MeQOC

3ga
3¢ MMR (75 MHz GDCl5)

30

40

100 9 80 70 60
f1 (ppm)

110

130

140

180 170 160

190

27



£0000—

66ZF T —
BLLS'L—

1908 P~
Z0Fs T

§S56" 7.
96867~

BEED'S—

LLL
£l6l'L
LL0Z°L
zL0z'L
$892°L
pSLz'L
958E"L
Z162°L
1098 "L~
HEL
SEThL
Z6PbL
OELL'L
016k'L
2815t
£H6S°L
LZT9'L
6659°L

—

3ha
"H NMR (300 MHz CDCl3)

BnO, Jg<
]

Fh

wy
]

3.0

9.0

f1 (ppm)

L809'TT~
LF9g's2—

L9L5 9Ly
RG669L
9IPTFLL
ZBE08LT
LRLD'BLY
2068 L8 —

LELO'LEL,
9b8Z'LT 1
LbF9'LE
911Z'8Z
£EEERE
SLLL'RT
£9L8'82
SKTS'62
8T6TPE
FZT9bE
861Z°0F
6990°€k

L
l
L
l
l
l
l
l
l
1
l

l

|
|
9,

LZrF il —

LEL0LTl—
9p8TLEL
LPPOLTl—
grieset

€€ .M..xm_../r
SLLL'STLN
EOLR'RTL—

8IS 6L —

30

40

127

128
f1 (ppm)
60

9
70

5

I

80

130
90

28

100
f1 (ppm)

110

120

|

130

140

3ha

3¢ NMR {75 MHz CDCl3)
160

Bno
Ph
180 170

190




0800°0-—
€192'0—

FSOF' 1~
9ERSI—

£88E P
alErE"

0£98 b~
99687

SBLE'S—

LZ51°L
£091'L
TLLL'L
ocxm,.f,
€06T'L
GROT L
9E0E'L
PLLE LY
9868 L
—mom,b._k
C6ZS'L

o

3ia
"H NMR (300 MHz CDCly)

W

Me,Si

Fiss

Floe
Freg

Feso
Foot

Foot

re6'l
Wcm T
S0Z

.ch,

0.0

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

TLoLo—

STPSTT~
SelEse—

SSLSOL
G6O6'9L
RETF'LL
SOEL'SL
mmcm,xbg
£6PLLE—

SOL9'S6—

SZLZFOL—

£5LLsEL
95E9°LEL
OGRERT LA
9FS6'8TL
ge0s'6zl
LLrLTEl
LLTLPEL
0806'SEL

B

FESSTLL—

o

Bno, P
N’€<
el

A

3ia
3¢ NMR (75 MHz CDELL)

e, Si

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

29



anoo'0-—

9Z0F' 1 —
0788'1—

LO9ET—

T60b P,
el

0106'7~,
BPEG T

BLISC—

3ja
'H MMR (300 MHz CDCly)

@
=

wy
]

3.0

wy
wi

6.0

9.0

@

f1 (ppm)

1£02'12
009P'ZT—
vzz1sz

TELS UL
9666'9L
0STPLL
0998'LL
86b6°LLY
GE0S L8 —

BOERPTL
Fal'sTL
GELERTLAL
FROL'STL
PEOF'GTL
0906701
£90ZFEL
[RESCEL
9n0z'8EL

paC COINE

d

LEITTLL—

|

130

Li

3ja

13 NMR (75 MHz CDCly}

BnO, ,O&
Me

30

40

100 90 80 70 60
f1 (ppm)
30

110

120

180 170 160 5

190




anoon—

[STt o
PeEs

IRLET—

DEER' P,
899F 7"

81T6'P~
95567

PLTE'S —
19€1°Ly
LPPLL
9191'L
5991°L
F861°L
0EPE "L
0ZST'L
S89T'LF
SLRZ L
TT6T'L
LaLE"L
PrzE'L
5ESF'L
oese]
8sLb't

e

ao. 4
N’g<

3ka
H NMR (300 MHz CDCI3)

Feot
Frot

Foo't

~16'T
LS
P01

wy
]

3.0

wy
wi

6.0

9.0

@

f1 (ppm)

GOOL'8T ~
ERLFTT~
01E8'FT—

8ELE'IL
SO00°LL,
0IEFLLT
9556 L]
1esosLdf
sops'ps

L

L

l
O1SRREL
0zZereLl
2086zl
SOLB0EL
06L0'EEL
TLOTPEL
FoLSLEL

LERSTLL—

BnO. )go<
0
Me

3ka

]
(8]
[=]
o
]
T
=
wr
[
4
=
-4
&

Wi

ek

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

31



Zooo'o-—

£6EE I~
Lrly'1=

L10§T—

LIOFE—

el
GEEO
9SEL P~
—mam,vl\

81629—
7h88 9
L£06'9
0876'9-¢
TEET LA,
EPbT L
6052 L

88T L

9TLEG—

OH
3k
'HNMR (300 MHz DIMS0-d;)

00'e

l\\ 6T
|.JM

o —

—— 01

— L'l
-= Feoz

Fl'L

£E06'TT~
OLEL'PE
FPTO9'8E

GERG8E
Z1ZToe

0008 '6€
DRSM%
ZSS0°0F
LOEE 0K

SRIL 9L~
9LZ1LL
Sal0'18

00gL'sl
lezlal
0LLY'1E
LRZE'ST

|

—

09LL'8E
POLT 6T
LP6R0E
LO9F'FE

f

S

—
=

il
"
5
R
A

L
l
L
L
S199°8T1
L
l
L
L

OH
3la

Ll 9s 1 — /AVN
=N
=}
\N
[s1
I

LSTPOLL—

3¢ NMR (75 MHz DMSC-dg)

30

40

100 90 80 70 60

f1 (ppm)

110

180 170 160

190

32



£000°0-— - F2
L
[=]
- PT6E'eE~
[ = SLLL'SE—
6511 — FO6'T |
STYS 1 — —
L e
i
REEY'SS
L LILL'SS
o
| o SPLS 9L
@ ?%,E&
THIP'LL
| 9z1g L]
o Lzes'el?
S698°E~ _ . SBEFLE—
S606'E~" Tc )| o
w +
, el
TILY P } .
#9085 " ce——= L0l 9 E .
| o LSOLE0I~
T9L6' P, B | } AE9S0LLY
10567 - Fail e 9SLL0Z 1
DS98'LE 1L
xmcm.xNLf
| Tra 98LL'ST1
- - FLOL [ =
L £O80°'62 Q
: 8LSE6T1
67889
mcg,c._ ~ r w vcom.vﬁ\.
bez69 o& g -
89269 o - €1Z0'6P1~
STLOL e i FE zibosle
Q =
BLOL z Es
LOSO'L e — -6 | o
PSP0L Jd o & POL[
BOLL'L : 2 = —_ Fous
3681°L = L w 092€TLL—
610Z°L ~
89021
TS8T'L L=
670€'L
£80€°L
L
=]
L e
{=3
Lw

30

40

70 60

80

110 100 90
f1 (ppm)
33

120

5 140 130

160

o]

BnO.
3ma
13C NMR (75 MHz CDCls)
180 170

MeQ
MeQ
190




Znoon-—

L8IF 1~
PRLST-

96997
SPOL'T
16467~
oploss”

filkd 4,
8£00'L
96Z0'L
91€0°LA
0760'L
0001 'L
00z1'L7
0821 'L
11€2° L4
S9ET'L
08524
ceLzi
SI8Z'L]
Lisz'd
PLOT'L
vLLp i
9LEYL
£oPP L
S99F'L,

3na
"H NMR {300 MHz CDCly)

cl

[
G0'E

Feot
Foot

Foott

wy
]

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

n

0L08'TT~
LIEGWE

1ELS 9Ln
1000'LLA
(SZFLL
?@,?N
9591 8L
LT €8

L16s'FL
LSLE'PL
wnxx 91

!
A
l

7
P&

2888571

L6162

LLoVel

EVREG1

SOTH0E L

PrLOE |

9ILLTEL

poogsel)

9LFZ'191
$665° 6917
PRITTLL

ol
EnO,_ ’%<
o]

SOZ90EL
FRRPLOCL

_JUL._

ToTTsEl

FA9ESEL

MAL

<
;
GLFE 19l — w
mmamwc—@

F
3na
15¢ NMR (75 MHz CDCls)

Cl

=
g y
pLaSOLL
&

N

o salzLll

—

2)
)
B terszr
® por6e

165

AN

30

40

100 90 80 70 60
f1 (ppm)
34

110

120

114.5

114855
£1 Gopm)

117.0
£l (ppm)

ar.s

2

129.1
fl (ppm)

9.2

)

180 170 160 5 140 130

190




anoon—

LSlP L —
LZ95'1—

0ELB'E—

9EOF P~
LEOS P
PETE T,
SL86'P

6LES'S—

Thp0'9—
620697
5969
€196
9pLL'Ly
SPRL LA
GREL'L
S00Z'L
0902°L
965T'L
£692°L
WLTL
FERTL
ZI6TL
ER6TL
£E08°L
6R0E°L

[o]
‘N'@<
o]

BnO.

HO

Olle

Joa
'H NMR {300 MHz CDCly)

JL

A

-01'€
~O1'E

(T

Fuog

Foot

Feot

oot

s

860
AN
61
LOE

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

n

09 T~
9T8T'ST—

SROL'SS—

0SL5°9L+
%%,p@r
TELPLL

sepseid
875082
0259 L8—

6LLFB0L
Za0e'rLL
SZ9s'LEL
LTELTL
8S1ERLL
LGLE'BTL
Loak6ezl
GLEEPEL

SELLOPL~,
61TH LR

GRPFTLL—

BnO, ?
N»@<
Q

OMe
3o0a
T3¢ NMR (75 MHz CDCly)

HQ

W

Wil

sk

|

110

L

L ‘

30

40

90 80 70 60

100
f1 (ppm)

130

140

180 170 160

190

35



F000'0—

EORF' L~
SLES' |

1SZE P,
885€" "

OLS8 7~
LOG8' ¥

0b96'9
Pl L)
pEST'L
6LL1L
sesl'Lf
orzzL!
ObLE'L
6L
£005'L
Lls'L
LETS'L
8oL
290L°L
ceI8'L
6206'L
F8T6'L

i

u 6z

3pa
'HNMR (300 MHz CDCl3)

L1

1.0

wy
]

3.0

4.0

45
f1 (ppm)

9.0

£5F9'TT
LSOL P

POLS 9L
L666°9L~,
sserelf
sz108L
toel 8Lt
sbessd

62T0°EL
TEFD'ST
Irle'se
80ES'9T
BEEL'OT
EFS18L

N
H
l
[
L
[
6FOL'BTL
l
L
L
L
L
L
L

068L'8217]
SLEE6L
€65 °0E
SHTL0E
L60E°LE
199L '€
eszoel ]

OS8LTLL—

3pa
3¢ NMR {75 MHz CDCls)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

36



F0O00—

0Lop' 1 ~
6EESTL—

0LIS P~
FLOg
OLLE P,
Fe00's

L9E9'S—

S80F9
SrLE94
06159
0SZF9
1£65'9 ﬂﬁ
12959
LT Ly
LERT'LA,
S6RT'L
%Nm.\%
szeeL
Ex..ﬁ_
010§'L

Uh ke

Fslg

- o
- Frotl

-J T

~L60
- 00l

BnOQ, 2
N ‘/g<
= o]
Yo
3qa
"HNMR (300 MHz CDCl3)

- _ Feos

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

SESCET~
12€0'sz

PLLS 9L
£000°LLA
SKTPLL~E
ccznse
1z61 ,x,&\
014808

SALS 0L~
T66ZTLL

LPLERTL,
60S6'821 7
FSLEaZ1

oesz el

StrLFRL—
HSPE'SFL—

LELE'LLL—

™

3ga
3¢ NMR (75 MHz GDCls)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

37



00000~
0Z80'0-"

LI0F'L—
81851 —

5LS P
€895
9E96 '
0L66 7

a10e's—

6LL°LA
6620°L
THE0 Ly
€OF0'L
Emm.ﬁ
86HT'L
_&mm_hv
£10E"L
TLIEL
65TE'L
65Pb L]
czopL)

3ra
"H NMR (300 MHz CDCl)

o

L

|

;

.T
W

T

k

‘

SLE
[

o0t

0l

€60

L6
78S
SO°L

wy
]

3.0

wy
wi

6.0

9.0

@

f1 (ppm)

L689'TT~
PSLEST—

£545°9Ly
SO00'LL
ﬁmv?/\k
THOT'8L
epzrsid
1Z59'cs

99¥9'9Z
86Z1'8E
9ROE'RE
£609°8T

by
I
!
1
F6Z6'8T 1
b
1
!

\

I
Lz1s'6z 1
L6EE FE __\

Zaog gLt

cLe'lLl—

BnO,

“os

3ra
3¢ NMR (75 MHz CDClg)

MG b

A AW B

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

38



anoo'0-—

8Fetl—
FRED T —

RSEET—

098 F
90T

LOSS P~
Lrlar"

EBO6 2
8S20'L
PrELL
SPEL Ly
TOE1'LA
0Skl'L
£6L1LL
PRI L

O0FLY'L
hmg,hw
PLOL'L

09F98—

3sa
TH NMR (300 MHz CDClg)

oW .

3.0

Feaog
Fere

Feoe

Foott

Feot

Foot

-L0'T
aL'9

Flo

%Nc;

wy
]

f1 (ppm)

wy
wi

6.0

9.0

@

£6ESIL—

TOE0'TT~
LBLS'PE—

Z9L89L
é%,ﬁ%
0SZF'LLf
GRS Ll
1§81'3L
L0F9'Z8

1S8L'H01
GESLOL—
LE6R 8L
pEGL0ZLAL
9514121
SEppoz
2zo1'871
1665821
8b81'6Z1

[

[

[

]

|
£0R6'9E !

LLITELL—

f1 (ppm)

LEGR'RLL N =
FEaL0ZL— - ra
9SIL1ZL~ - [
-+
ra
SERFOT1~ ]
TEOURLIS %
. il
1666871~ — 2
R A e A
-
reo
ZILS e — =]
U8PFSE" &
£0P69E1~ —
=
a
[o] ° o
z o ¥
§ = 8;
=z
&

130 120 110 100 90 8 70
f1 (ppm)

140

180 170 160

190

39



Looo'0—

SE0F' 1~
LR&F'

£902'%
3R

mmmm.?&ﬁ
8166t

LOSH b~
pesyy/
LESR P
€988

LBZS'S—

600E"L—

3ta
'H NMR (300 MHz CDCl3)

Le
6l'e

L
fue
o0z
sl

01

oot

Fozs

wy
]

3.0

wy
wi

6.0

9.0

f1 (ppm)

CEPRTT~
SLIT'ST—

PGPSO
9£29'89
ess'89
G689
1££1°69-
9565°9L
2000 L}
f.mvt\m
pLis L]
a_%m,xt%
mxmm,mx___,
06LE'SS

Q68T 8T L
LZIS'8T ﬁv
FO09°6Z1 '
6OETPEL

LAl Ll —

PEOF'S9—

9429’59
PESR'R9L

6516891 h

1gel 69/

cwﬁ.m,ab/
000°LL~L
QTR LL—F
¥l —m,m.b%
GFOT 8L

ERSTER—

06LT'68—

o

OIBn
N
3ta
3¢ NMR (75 MHz CDClz)

Fe

=

]

80 78 76 74 72 70 68 66 64
f1 (ppm)

84 82

86

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

40



FOO0"0~
TLR00-"

Sael’l
mwo—.—w
SRLLL

02821 —
LsLe "
L9651 77
?2_%
Z/LY'L

ssse

SLES'T
9ZPS't
LIPG'Y
E\hm.wV
LIPL'S—
9 :W—.m\

9587
59954
z6LE'L~L
90zk'L

Ev.h%

£6ERL

3ua
THNMR {300 MHz CDCl3)

Faso

860

Foot

%ng A

0.0

“
e~

3.0

vy
wi

6.0

9.0

@

f1 (ppm)

P8ZE'ETY
V219
160L'¥T
cxcmmmﬂ
LP6T9T
RGZF LT
LLEV 68—

SOLL'ILy
LISL'LL
PLFE LL-]
ELE9LL

LOSF 08—

GFOSSTL
9L91°6Z ﬁW
LLeLeZl r
GZOL'FEL

GILE'LLL—

3ua
3¢ NMR (75MHz CDClL)

BnQ,

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

41



re
UERO'07~ B g -
- - S
OpeeA s
L25E1
0GEL'T -
SObL'1
095L'1
PIaL’l L e 07Z0°€T—
BOLL'L o5z - %mﬁmmk\\
? TLOR'RT
e ] R00E] L, L069'PE—
PREG b 3¢
aLpE' 1Y ,
02961 Vf. ottt
81L6'1 Foot L g
8LES T -
895574 o [ e
ok TD ‘ 8SLS'OL
P685T N oLy
£609°7) -2 9666 9L
zazd Z9TrLL
0208 Li-]
Lo oLseel!
6LS9'S8—
Lo
i
L6291y 5
PRE9 | “ g
g@,vv e
0659t Ts,c =
9998 -f wmmﬁw Lo OLSEIL—
. Wy
6L06 7 ¥ GELE'STLA
20r0 J DESTBETL A
6540 Fo 098E'8C 1
1£65'821
LRTL6ZLf
e 1919621+
£610 Ly 05097 1]
0£L0'L _ " 0Lsg0pL !
REOL'L 3 Lo
PLEL'L o
2691 LA o 5 .
GEGL'LA 0 = L2
0L1T L% =z a2 -Z8'6
LT L 2 &
: @ x L 0lP1ZLl—
9852 'L < N
9897 £ m
T608'L = -
BELEL L
99ggL)
L
=]
L=
{=3
Lw

30

40

60

70

80

100 90
f1 (ppm)
42

110

120

hmmwme«memmewmmm

160 5 140 130

va
170

\N‘g<
(o]

EnO.
3
3C NWR (75 MHz CDCl3)
180

Ph
190




anoo'0-—

016y
9P
60861
080061
L8KO'S
8E80'6
6E0Z S
6802
01£2'6
19€T'S
SPST'SH
9652

LISTST
L9825
ZES8'S
[5L8'5-L
N;x,&ﬁ
95z6's
Rg,m.,o
L696'sH

CELE'L
omam,h\.

BnO.
S

o]
\NJ3<
&)
3wa
TH NMR (300 MHz CDCly)

cos
SO
H,tqm,m

Txo T

Fr8 v

wy
]

3.0

4.0

45
f1 (ppm)

9.0

@

GLSS'LL—
PSPLTI~
GLST'ST—

LSLS 9Ly
BOO6 9Ly
momm,b.‘ww
FOTF LL
h.m—a,xhg
SLLP LR —

EEPTLTL

SEOT'REL

EOLY'STL N.

£959°6Z1
vi
l

BEQDTLL—

o
\NJS<
(s}

3wa
3¢ NMR {75 MHz CDCl)

EnQ.

\

P b

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

43



anoo'0-—

TILE T~
PLLY' L

682611

xw.?,j/m
Z8S0'SE
ZEe0's—
Z8Ll ,mﬂ
0p0z'S

L8E8'5

£5OR'S-L
L0685
8916'64

GLO9 9~
90TL'9"

L
Z90E' Lk
IpE LT
ceset

- 66'G
L0
_
|
]
i
& oot
=] .
oJVA 8 =0
F T 86
- g =
Q =] [
&8 ¢ "8
x
s = L
I

= Foot

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

001L6'2e~
9F9E'ST

BFLS'9L
LOOG 9L
vh‘mv,bb%
vam,wh_

AFST 8L
APOL L8 —

LOST'FL
TLTO'LL
899€'8T
91ZS 8T

[
[
l
4
LLGLRE ﬁw
ELRG'STL
HLBL'6E 1
0SSEPEL
LIP6rEL

L

ESOR'LE

O8ZETLL—

L& )
L68THTI— - [
)
LT L~ - A B
=
899€ 871~ F
012887 =, | .
LL6LSTLS '3 ) R
L8687 b
s1sL6z1” F
- a
5
Q
e} [
Jvmo £
y g =
g 2o —
& ¢ =
=
=z
£

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

44



anoon—

TH6E" T~
LERF' L

8L96 P
Zro0sy
SPLO'SAE
GOLL'S
0LL1s
zzoe's
$906'G
LIEGS~,
S656'5

LFRO'S /

L1690,
g
iy
zeze Ly
LIpe'L
LOSE°L
sesvef
$88b°L-

91618~
{072'8

s

BnO.
s
dya
"H NMR (300 MHz CDCly)

O,N

G660
Moc 1
Lo

== [0

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

SIEDTT~
LER6'FT

ZeS19Ly
€945 0L
LO00'LL
xmmv,?\w
FLOL'LL
95698 —

SRPFET LY
S8STLETL
9LFO'RTL
(SLS'8TL
FOPLSTL
0Z6F'6Z ﬁ
ﬁ
[
L
[

//

/
J
\H

J
J
4

LZelve
05 'FE
BSOR'OF
LESL'LY

69Z07TLL—

88

BEnO,
1% MR (75 MHz CDCl)

R

05N

3ya

30

40

100 90 80 70 60

f1 (ppm)

110

180 170 160

190

45



anoon—

Tl
8PEE 1L
€862,
685€°LYf
o5k

SLLS'EY
0Z85 €

6009°€ Nm
9509
%S.T_N
£629'¢
Lep9ed
6759°¢!

6620°S
FSO0'S~L
:\a.&
9zel's
1505'§—

929€'LY
29LE "L
S68€°L
0SErL
91pbL]
pesk ]

o]

N
EIO/LO

BnG,
3za
"H MMR (300 MHz COCl3)

hEE
e
e

ch k4

fvg A

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

R6L0SL—

RIS IR AN
6v62'sz

oll'19—

TELSOLy
D%G,?/K
iy
€600 LLY
GTEE'BL

L86Ee0l —

LEOS'RT
OFF0'6E
L60S'6T
LIS9'FE

~ =

[
L
[
l

LE69°0L1 —

A

N

BnO,

EtO

3za

3¢ NMR (75 MHz CDCl3)

s o i

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

46



S000'0-—

L980°L—

PORF L~
£6551

0088'S—

LLSE L
SISEL
Elfadh
65FP'L
6691 L~E
zzis' L
06£5°L]
0965'L)
9Lz9'L]
55597

4§<
3hb

"H NMR (300 MHz COClay

BuO.

Ph

Twm ‘G
Tx— ‘9

Foot

G0'L
P02
0T

SoE

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

L0S9'€T~_
T9L5'ST—
aldrad

6ILS'9L
mga,ﬁw
SEEbLL
8T65'LL)
BOLU b,
L6€2'68

TEER'SE
FLSTOF
ClI8TF

LLET9Ll—

‘AEUD\ 2
i<
3hb
"3C NMR (75 MHz CDCl3)

-3

Ph

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

47



anoo'0-—

169071
mmmc;w
09LL'l
€OLF'L
90091

€LLS'Eq
1SESE
CFIS'E
E£8RS'E
az19'e—
I08'E—

EEER'E
TLER'E

9TERS—

BLST Ly
99LE'L
NG%L
GLEVLA
TEIP LA
98F'L~
0885 'L E
0rLY'L
SlE9'L
§659'L]
oot

[o]
%
(o]

EtQ,

Ph
3he
"H NMR (300 MHz CDCly

Foe

P0E
Loe

Foot
Foot

Foot

960
0T
P19

0.0

wy

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

S6ls'eEl—

PLESTT~
OBRE'ST—

12122l
£9L5 9L\
1000'LL
Nmmv?u‘“
PLILSL
BLLE LR—

ZEPL'LTLY
98SeLTL
geel'Lel
EESL'RTL
E0GH'STL
LS10'SEL
xmﬂum.cvl\m
AR

PRIFELL—

zerl Lzl
osse Lzl
z8ELLTL—
EESISTI~

E0SR'RTL—

Y

o]
<
3hc

EtO,
3¢ NMR (75 MHz CDCla)

Ph

130 120 110 100 90 8 70
f1 (ppm)

140

48



re
00000~ — _ e
L
[=]
- SLsE T~
o 905257~
zost 1~ A
zg6s 1~ = Lo | ~
[ —
IM o 190 Lzl )
- SEEE Ll
2899°¢Z 1, )
“
| 8711871 ——————
£0L0PI—
=1
e O8LS 9L
8666'9L EPLLSTL — ———
95z LL
"
st ) Teos[ S ssosc
| £1p698—
=1
-
)
28
o
L <
Wy
1290421
- SEEETLTIA,
[ o mmé_hmﬁﬂ
, , sziLszl
o Foot | o M.En_xmli_
© Logs pe LIy
- 6LSL0FL
g . LeLepl
8 -3
° N
L : _
) ; o | o x,
L8E Ly g 23 < :
BLZF LA = o o g
TLrL & R VUL . ° 4
ROLY' L~ = Z 0T F 2 CLlueLl— o EZ
to6s 5oz - = koo g ie
micL. - g
8HS9'L FS . m
zz89'L! E S
L
=]
L e
{=3
Lw

30

40

"1 (ppm)
60

70

80

90

49

180 170 160 150 140 130 120 110 100
f1 (ppm)

190




anoo'0-—

LLFS P,
91854

GGEGT—
xmg,v\
CERT'S—

SOSR'S—

€914
£781'L]
99LT L
PLST L
£8LT L
9S8E" L

£ELPL W
E1pPLL
GLLP LT
S961L]
90pS' L
9£95° L
688S 'L
LIL9'L
#r59°L
8189'L!

(e}
=
o

Ph

3he (major)
"H NKR (200 MHz CDCl.)

Feo
F oo

F pee

F oo

~SL8

l

l

1]

IN

0.0

wy
]

3.0

4.0

45
f1 (ppm)

9.0

€OFL 9L
F000'LL
SHST'LL
8TLI'LLY
T
111F68—

6006921
LIL1LE]
FITP LT
SEGLLT
75RE'8T1
SELS ST /_W
SERY'RT |

9598'82 1
CORN'SE |
1Zz6'8el
157621
LopEpEL )
TSISEl
€062 0%
0LoFEp

ﬁ
*

SOP9691—

G006'9T1
LLLLETL
PITYLTI

SE6LLTL

TSRERTL -
RELS'RTL

SES0°STL
9S9R'RT L
£93%°8Z1
1226'8T1
slesazld

LSFEREL
CSLLSEl—

128

130
1 (ppm)

2

i)

13

134

136

Fh

3he (major)
3¢ NMR {128MHz CDClz)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

50



Looo'0—

9LOL B~
FERL T
89106,
9z50's

TLLbS~
L95L°S
6L9L'S
URLZ'L
08E7°L
1282
L£0E°L
7876 'L
9a5E"L
889€°L
£6LEL W
LGRE "L~
9sirLf
caebef
CEIPL
SOSEL
SLOS'L
8€09°L ]
6LT9°L
0Z59°L
Z6L9'L

Ph

3he {minor)
"H NMR {300 MHz CDCl3)

T
=
=

aihd!

b ey

0.0

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

T66S'9L
0000°LL~,
gzzy L
9LLOSL

FoLS 68—

Ll cm

l
L
EPES LTI
TROL'LEL
QE96°LETL
TLPS'BE L
ZOLLBEL
60PLBLL
Fros'sz1f
l
l
2
l
L
l
L
1=

FLpl6L
mc?u 6L

6904 "Y€
LLb s ]

8887 ErL )
898Z°L9

LPLT9TLy
PLLLTLY|
EPESLTL f,
ZRIL'LEL|
996221+
ELVSREL
Z01L8TL
60FLSZ LY
PbosSzLr
pLpL6zl
sosL6TL

PLEPPELN
GINLPEL~
LELF'SEL~

O
BnO, ’%\
Ph
0

3he {minor}
3¢ NMR (75 MHz CDCl3)

Ph

130 120 110 100 90 8 70
f1 (ppm)

140

51



anoo'0-—

67951~
15851

chm g

906 't
#ROFF

ARl

0LLF F-7
@%,T\
76l P~
1£56%

0EF9'S
mavc,mv

99ZT L

LIFT'LA
L8KT'L

685T'L

8F9Z'L

CEGE'L
bLLE L
8S1PL
plib ]
059F'L
9L8F L]
aFLS'L
9L8S L]
0219'L
S6¢9°Ld

L.,
3

= 60
- 660

-— Feot

Lot

o
=
@

3hf and 3hg {major)
TH NKR {200 MHz CDCl5)

Ph

S8P
an'l
S0v
~E0F

wy
]

3.0

wy
wi

6.0

9.0

f1 (ppm)

Z699'L1—

chwﬁmb
coﬁm,ab/
LGG66 a.ﬁ
LrEr E.L\
SOFE8L

0ZSE'6R

ZPoLLE

9
QLLE'LTL
9LSL’LTL
LLFERTL
8FOESTL
GO9R'RTL

ﬁ

ﬁ

ﬁ

ﬁ

¥

=

xxhx 82
010862
LIZEPE

S0LF'FE

[Sritai

Le0EER

OFLLILL—

TroL'Lely
9LLE ﬁm—/

9ISLLTL~, ﬂ‘
LoESELy
6oosszl

BP6ERLL-

s8L8'9z1f
0108621

LITEFEL~
0L FEL"

BnQ, _{L
e

2ht and 3hg (major)
"3C NMR (75MHz CDCh)

Ph

132 130 128
f1 (ppm)

134

136

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

52



£0000—

GLLF L~
Lab'1"

06£9°
pis9vf
989"
Exg.ﬂa
Prz0's

LRSS
mmoa.mlv.

SSTLy
6592°L
60LTL
SO1€"LA
bZZE L
TEEE LA
LLLE L~
gLop h\
FLEEL
UROb'L
OLREL
L96S'L
ZST9'L
$759°L

Phy

3hf and 3hg (minor}
'H NMR (300 MHz CDCl3)

S6°

Lo

— [ 067

l

€1

0.0

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

SLEO'LL =

€6502Ly
SOL5 9L
L666'9L
SlerLLf
glozsL’
606L 88—

grepts
ciiiel|
069F°LZ1
LEPLLTL
L£88°L7L
605871
6588z
SL90'6ZL
POLOELL
1
[
[
[

OLEG'PE
8662'0F ]
FIELER

LEGLOLL—

BLBO'LLL
ELLULZLY

069F'LZLE _ —

LEPL el ———==

LERR" hmﬁ.\\
L60ST xm,..a
E6SRT xmf:
SLO0'GT L

FIL96EL-

E0SFPEL~
GLTaFEL—

Ph

_

—

3hf and 3hg (minor)
3¢ NMR (75MHz CDCh)

132 130 128
f1 (ppm)

134

136

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

53



anoo'0-—

= = =)
L s
oo -
== = =)
i i —
e ="

Lop0E!

S18Z 1

0962 %

90 E,V
L30S b
sTpsp
9E68 b
Lest”

£299'5—

6ES1°L
LOLL'L
661244
POPE'L
RLIZ 'L
£OPE LA
00LE Ly
REGE LA
SEEt'L
985t w
PI8F'L

RLLG LA
9bSL
£209'L]
$5Z9'L
L1goed

Ph

3hh{major)
"HNMR (300 MHz CDCl,)

F o

F 86

F s

- = -S0'¥F1

6

= % s0'g

oot

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

LEFRE—

9609'FT—

PLLS 9Ly
0000°LLy
LOSL'LL
EPTRLLY
?Fm,xb._‘
L9268 —

pOLL'LE
SO0E'LE
LIOL'LE
FZLE'RE
S18¢'82
SE6LRT
7TT8'82
S08F'6Z
68PEPE
FOZS FE 1
6192°0k1
lolzert!

L
l
L
L
[
L

(O8S6'0LL—

qc:,bm—
mcom,hm—/ _

LLOL LT~ ) Y

)
—
serszlf )

PELERTLA,
SISERT17
zeessTlf
808F'6T1

GEPE P~
FOES FEL-"

o]
N
Et
[#]
3hh (major)

3G NMR (75MHz CDCh)

Bno,

Ph

128

132

134

£1 (ppm)

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

54



anoo'0-—

T68F T
BE99 P~
1669F"
08LG P~
zE10ss

PPS9S—

9652 LA
LL9T LA
SLIE LA
REEE'LA
LLLE'L
RLOP'L-E
PLEP'L
P9t L
LL8Y' L
9665 L]
9529'L]
zeso L]

jol
‘N&
Et
o]
3hh (minor}
TH NMR (300 MHz CDCl;}

BnO.

Fh

f €6

w ”
Lo’

7..1 Lo’

88

IS

0.0

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

LZ006—

OGZH 'L

GSLS 9Ly
FOFY 9L
Eco,wh)\\fw
M—mv,b.‘w“‘_
LPLT 8L
[BGE'6R —

9681LE
LE6P'LT
SHEL'LE
LELR'LE
FROS'RE
ZP9R'8E
EF00°6T
9029°6T

4
%
I

Lalegse

SECEOR
Leel ey

[
=

=1

o

&

===

OFLF 69l —

9681°L21
LSGP'LE LA
SHELLELAS
LELRLELT
PROS'RTL .
zronsel
epo0azL Y
9029'62 17

LEFOSPEL
LOLTSEL—

—

=,

o]
‘N Jg‘
Et
(o]

3hh (minor)
32 NMR (75MHz CDCl)

Bno,

—

=

Ph

132 130 128
{1 (ppm)

134

136

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

55



-10

re
L=
2
Lo
b
L=
- S6E9'ET
968€°] ~ s6z | o, £590'S7
n61s'1— - 5T [ — Z699'8E
LIPE'8E
Lo 8ETT6E
o Z008'6€
" PRLLGE
BLOS'T— - o Lesoor]  ezigeria ‘
LLECOF P0O1'b1 1 =
L2 LshEbL L
B SOS€'69~  88ESpLI
00SE'E— — | o8sZLLy  ESISPLLY -
o 678S'LL-L 1€26'PLL
ey ertd
D
- 1$6T511 18
£025°22 1~
£0z5 221 ‘
- L8ZEETI~
_ r$LsceEel 982€° P71 —
LILLT L 987€ 71 S
8= sUL| L spRuel L
50057 - FrolF @F  s6sesel ot |
Lago's /) 3 L0z B seoseif S008I
s & 0648'821 %
LhLz's 2 L g oeLg'sel e
5 Y TTTAR g
o 9F8y 0E 1 7
B PSP OE L} .
= Tsot [ S lzesogrs  LE6S0EL
[ ) - " .
mm‘%% ; m. — 501 Lobe e LPEGTEL—
[€00°L e Lo
L991Ly 2 R TIR
SLLL'L z o GLLZEHLT
Lese L T Lopsiepl]
E8TE LA} 1298°€5 14
80b8'¢ L zssobsty
Sox.j,» " R |
E108| o sssoustd
esl0sL & o6eLest o
9018 $829'591 " TT
L ETARIA =
62858 “ gy
883188 — | o o
P 4 =
P ]
(€66 — Fe Y/
0
L3
L=

120 116
£l (ppm)
9 80 70 60

128 124
110 100
f1 (ppm)
56

120

130

140

Saa
12C NMR (75MHz DMSO-dg)




pS01°0-
) :EM
LoL0F

seiio’

LyFEl—
L1Es T —

L89LT—

QERD'E—

cola'y
SoFG’ vV
9gll

86k m.\

GLER'S—

wa,.\\iﬂ
0Z6F'L

5 _
2
R >
il T
& 37 gz
=
g o i
o
z
4
I

s
Eoot

F s

0.0

“
i

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

n

GO9F' 01—

09212~
FEOR'ET

ZFR0FE—

OFLS 9L
86669L
M.cm,?vv
96T LLf
9ETP'LLY)
£LSLGL

6L 001 —

9589¥T1
9zzoLlTl
LLRG'LTL
G06E'STL
L
L
L
3

ESGR'ST
FLSO'6E
LLRR" MM

Sedededy

0L0Z'7S1—

GEOL'EIL—

O0SLLLL—

BN A

9zEO'LEL
LLRGLEL
606EREL
ES6R'BIL
FlsoaEl

NP

LLRREEl—
LIPS el —

126

128

| |
J J
124
|
S

f1 (ppm)

130

132
I

80

T3¢ NWIR (75MHz CDCly)

30

40

60

70

130 120 110 100 90
f1 (ppm)

140

180 170 160

190

57



ZL00'0-

£6Z8°1
hmvm;v.

TSk T—

PSPEE—

RE609—

£969'L
LegL'L!

L60L6—

6ha
TH MMR (300 MHz DMSO-dg)

Ph

BN

Tc 9

ch;

88
~F0'¥

T::

v
I

3.0

50
f1 (ppm)

wy
wi

FPORE TT~
G9L0'Se
ZEPEREY
9TTT' 6L

Z2008'6E

£0s0'0%
cezeopd

I88FRL—
CESLER—

ZRELOTL
£008°9T1
elzrLel
QLLI"LTL -
6O96'8TL
FLOS'REL
86T96EL
S1TL1PL

N N

LA06'SLL— Z-

Ph

6ha
G NMR (75MHz DMSC-de}

130 120 110 100 90 8 70
f1 (ppm)

140

180 170 160

190

58



926£°0
29010
znch%
Slato

L9610
866170
L0570
08250
£965°0
8219°0
61290
L9€90
L1590
L#59°0
0299°0
L0860
61660
0966'0
LLOO'L
1S62°1
06kl

SPaeH
!

SRLO'P
LPoL s

LEFO'S
EE.WM
TOFL'SF
LeLsd

6968
£P9E LA
mmhm.%
6RLE'L
9ZrEL
88Fb L
909t
LeLpL!

o

BnO,

3ha
"H NWR (300 MHz CDOCly)

660
Bp01
heoz

Tc—;

yLLE
pr6T

Foot

00l
[A

182
00T

=

wy
]

3.0

4.0

45
f1 (ppm)

wy
wi

6.0

9.0

@

TSPLO~,
opEEl"

991s'el —

LLFSTT~
EPOLSE

FSLEILY
0000 4L
émm,?v
9¥EF LL
seseset
GHES 06—

ZFE8TL

CORY'ST ﬁW
LILS'6TL
BROEFEL /

Z90F'TLL—

3Aa
B3¢ NMR (75 MHz CDCls)

——

30

40

130 120 110 100 90 8 70 60
f1 (ppm)

140

180 170 160

190

59



re
0000"0— - L2
L
[=]
| o 954927~ _
L — 292650 -
LEOF] |U|L_ 6T | w
PRS- J cog |
o
] [ e 3
| -
k-
Wy 35
[ ed .‘w
- 89L5°9L
[ £000'LLA
LTZTLL B _

-0 " SEEFLL ;
EE.J b xxS,%\ |
9950 PLEF LR —_—
%E.Q | -

0560'F e Jasor S
180Z b~ = Toot =
e f ) k-3
EE.L o
1oLzt _ =
Ncm_.mk | o 8&.2:,,
ZOEL'S N SLLLLZLY
TTRLSF ) = Twi 9ELELTL
FRbe g T IR H
\ Q. v -
vgn_?f U,Xo 5 B “ z.wm_xﬁ.ﬁ
8S18°S = z = B . Ti mtx.xm;ﬁ
L8T8'S Q = L2 ?xs_::‘
e < OP9LPEL ]
€8ER'S = _ L EL
LTES'S N = _ zmm.@vi
g = _ L LLLZ'EbL
88FT'L7 = [
SSPEL
%GML‘ | s
LEGE'L -
TIEkL - 5
mﬁv.f/ﬂ SOELwm pezoELl— D&Ao 8
GoLE'L - GO0 1 _ W
92L8°L o z32
Z009°L L2 =
6FT9'L { z
T6T9'L . L o
9959 | Fo o
THR9'L
=1
=N
Lw

30

40

1200 110 100 9 80 70 60
f1 (ppm)
60

130

140




