Experimental

General. 'H NMR (at 300 MHz) and '*C NMR (at 300 MHz) spectra were
obtained as solutions in deuteriochloroform (CDCl3). The infrared (IR) spectra were
determined as neat oils. Mass spectra (MS) were obtained using FTMS at an ionizing
potential of 70 eV. Substances for which C, H analysis are not reported were purified as
specified, and gave spectroscopic data consistent with being > 95% the assigned
structure. Ry values indicated refer to thin layer chromatography (TLC) on 5.0 x 10 cm,
250 pm analytical plates coated with silica gel 60, Fas4, developed in the solvent system
indicated. Materials were visualized using 5% phosphomolybdic acid in ethanol as stain.
Elemental analysis was carried out by Quantitative Technologies Inc., P.O. Box 470,
Salem Industrial Park, Bldg. 5, Whitehouse, NJ 08888. Column chromatography was
carried out on an Isco MPLC using silica gel 60 particle size 0.015 — 0.040 mm. The
solvent mixtures reported are volume/volume mixtures. All glassware was oven dried
and reactions were carried out under a flow of dry nitrogen. Potassium
bis(trimethylsilyl)amide (KHMDS) 0.50 M in toluene was from Aldrich Sure-Seal®
bottles kept under dry nitrogen. All reactions were stirred magnetically, under dry Na,

unless otherwise noted.

1,6-Dibromo-2-methoxy-naphthalene (9). To a stirring suspension of 1,6-
dibromo-2-naphthol 8 (100 g, 331 mmol), K,COs (114 g, 828 mmol), and anhydrous
DMF (80 mL), was added iodomethane (94.0 g, 662 mmol) dropwise over a 20 min

period. An ice bath was periodically used to maintain the internal temperature below 30
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°C. The mixture was stirred at ambient temperature for 3 h during which time the
suspension solidified to a thick cake. The mixture was partitioned between H,O and
CHCl,. The combined organic extract was dried (MgSO,) and concentrated in vacuo to
give 9 (101 g, 305 mmol, 97% yield) as a light tan solid: Mp = 97-98 °C; Lit.”* Mp = 100
°C; TLC Ry=0.60 (30% EtOAc/hexane); 'H NMR & 4.03 (s, 3H), 7.26 (d, 1H, J=11.1
Hz), 7.61(dd, 1H,J=9.3 Hz,J =2.1 Hz), 7.73 (d, 1H,J=9.3 Hz), 7.94 (d, 1H,J= 1.8
Hz), 8.09 (d, 1H, J=9.3 Hz); >C NMR § C: 152.4, 130.2, 129.0, 116.6, 107.1 CH:
129.4, 128.3, 126.5, 126.4, 112.9 CHj: 55.5; IR cm™ 2964 (m), 1588(s), 1598 (m), 1490
(s), 1271 (s); Anal. caled for CHsBr,O: C, 41.81; H, 2.55, found C, 41.79; H, 2.25.
1,2,6-Trimethoxynaphthalene (10). To a mechanically stirred solution of
sodium methoxide (5.4 M in MeOH, 390 ml, 2100 mmol) and MeOH (330 mL) was
added 9 (100 g, 316 mmol), 2,4,6-collidine (345 mL), and copper(l)iodide (64.8 g, 340
mmol). The mixture was heated at reflux for 19 h. The mixture was filtered and the
filtrate was evaporated to remove the bulk of the 2,4,6-collidine. This slurry was diluted
with H,O (1.5 L) and carefully acidified to pH = 2 with concentrated aqueous HCl. The
resulting mixture was partitioned between EtOAc and, sequentially, 1 N aqueous HCI,
brine, and H,0. The combined organic extract was dried (MgSOys), and concentrated in
vacuo. The residue was filtered through a bed of silica gel (~400 g) using 1-chlorobutane
(3 L). The filtrate was concentrated to give 10 (61.0 g, 281 mmol, 89% yield) as a white
solid: Mp = 55-56 °C; Lit.”® Mp = 54-55 °C; TLC R= 0.36 (10% EtOAc/hexane); 'H
NMR & 3.89 (s, 3H, CH3), 3.96 (s, 3H, CH3), 3.98 (s, 3H, CH3), 7.07 (d, 1H, J= 2.7 Hz),
7.14 (dd, 1H, J=9.3 Hz, J= 2.7 Hz), 7.24 (d, 1H, J= 9.0 Hz), 7.46 (d, 1H, J= 9.0 Hz),

8.01 (d, 1H, J=9.0 Hz); °C NMR 3 C: 155.1, 145.3, 142.0, 129.3, 123.0 CH: 121.5,



121.2, 177.6, 114.7, 104.4 CHj: 59.7, 55.6, 53.7; IR cm™ 2962 (s), 1602(m), 1507 (m),
1455 (s), 1271 (s); Anal. caled for C13H1405: C, 71.54; H, 6.47, found C, 71.51; H, 6.09.
B-Tetralone methyl ester (11). To a mechanically stirred solution of 10 (60.0 g,
275 mmol) and EtOH (175 mL), heated at reflux, was carefully added sodium metal (45.0
g, 1.96 mol) portionwise over a period of 1h. The solution was cooled to 25 °C, carefully
quenched with EtOH (100 mL) followed by H,O (100 mL), and then partitioned between
H>0 and CH,Cl,. The combined organic extract was evaporated to dryness and the
residue was dituted with 1 N aqueous HCI1 (500 mL). The mixture was heated at reflux,
for 20 min. The cooled solution was partitioned between H,O and CH,Cl,. The
combined organic extract was dried (MgSO,) and concentrated in vacuo. The residue
was distilled under reduced pressure to give 5 (51.0 g) as a clear oil (Bp = 155-165 °C,
1.0 mm Hg). The oil 5 (51.0 g) was immediately treated with sodium methoxide (5.4 M
in MeOH, 55.0 ml, 295 mmol), dimethyl carbonate (750 mL), and MeOH (100 mL). The
solution was heated at reflux for 2 h. Aqueous hydrochloric acid (1N, 850 mL) was
added dropwise over a 30 min period at 0 °C and the mixture was stirred for 5 min. The
solution was partitioned between H>O and EtOAc. The combined organic extract was
dried (MgS0O;) and concentrated in vacuo. The residue was diluted with a solution of
hexane/ Et,O - 1/1 (100 mL) and cooled to 0 °C. The formed solid was filtered and
vacuum dried to give 11 (39.0 g, 148 mmol, 61%) as a white solid: Mp = 86-87 °C; TLC
Rr=0.27 (10% EtOAc/hexane); 'H NMR § 2.47 (t,2H,J=7.8 Hz),2.89 (t,2H,J=7.8
Hz), 3.78 (s, 3H), 3.86 (s, 3H), 3.90 (s, 3H), 6.76 (d, 1H, J=9.3 Hz), 7.39 (d, 1H,J=9.3

Hz), 13.11 (s, 1H); >C NMR § C: 175.6, 170.8, 148.8, 143.8, 126.2, 123.3, 98.0 CH:
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120.2, 108.2 CH,: 27.4, 18.7 CHj: 59.0, 54.2, 50.16; IR cm™ 2924 (s), 1646(m), 1594 (s),
1449 (s), 1312 (s); HRMS caled for Cy3H;50; (M") 219.1021, found 219.1017.
(Z2)-Alkenyl bromide (12). A stirring solution of 1,3-dibromo-2-methylpropene
(10.0 g, 46.7 mmol), potassium carbonate (7.20 g, 52.4 mmol), and H,O (80 mL) was
heated at reflux for 19 h. The cooled solution was partitioned between CH,Cl, and HO.
The combined organic extract was dried (MgSQs) and concentrated in vacuo to obtain the
alcohol (6.50 g, 43.0 mmol, 92% yield) as an E and Z mixture. The pure Z-isomer was
obtained by distillation through a spinning band column; bp = 72 °C at 16 mm Hg. A
solution of the pure Z-alcohol (1.60 g, 10.6 mmol), dibromotriphenylphosphorane (6.7 g,
15.9 mmol), and chloroform (2 mL) was stirred at 25 °C for 1 h. The solution was
distilled to obtain 12 (1.97 g, 9.20 mmol, 87% yield from alcohol) as a clear oil: bp = 42
°C at 1.0 mm Hg; 'H NMR & 1.95 (s, 3H), 4.10 (s, 2H), 6.11 (s, 1H); *C NMR § C:
137.6 CH: 106.0 CH,: 32.8 CH3: 21.0; IR cm™ 3070 (m), 1624(s), 1432 (s), 1298 (s),
1212 (s); Anal. calcd for C4HgBr,: C, 22.46; H, 2.83, found C, 22.31; H, 2.97.
Bromoalkene-f-tetralone (13). To a stirring solution of diisopropylamine (18.3
g, 181 mmol) and anhydrous THF (400 mL), at 0 °C, was added n-butyllithium (2.5 M in
hexanes, 66.8 ml, 167 mmol) dropwise over a 10 min period. The solution was stirred at
0 °C for 30 min and a solution of 11 (20.0 g, 75.8 mmol) in THF (100 mL) was added
dropwise over a 5 min period. The solution was stirred at 0 °C for 1 h and cis-1,3-
dibromo-2-methyl-1-propene (25.8 g, 121 mmol)was then added dropwise over a 10 min
period. The solution was stirred at ambient temperature for 1 h. The mixture was
partitioned between 1 N aqueous HCl and Et,O. The combined organic extract was dried

(MgSOy) and concentrated in vacuo. The residual oil was purified by chromatography to
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obtain a yellow oil (22.8 g): TLC Ry= 0.18 (10% EtOAc/hexane). A stirring solution of
the yellow oil (22.8 g), lithium chloride (956 mg, 22.5 mmol), DMSO (13.0 ml), and H,O
(1.3 mL) was heated at 150 °C for 20 min. The cooled solution was partitioned between
EtOAc and H,O. The combined organic extract was dried (MgSO,) and concentrated in
vacuo. The residual oil was purified by chromatography to obtain 13 (6.80 g, 20.0 mmol,
80% yield) as a clear oil: TLC Rr= 0.39 (30% EtOAc/hexane), 'H NMR & 1.80 (s, 3H),
2.14 (dd, 1H, J=13.9 Hz, J= 9.0 Hz), 2.48-2.61 (m, 1H), 2.62-2.68 (m, 1H), 2.70 (d,
1H, ,J=9.3 Hz), 3.21 (dd, 1H, J=15.9 Hz, J= 5.1 Hz), 3.55 (d, 2H, J= 6.9 Hz), 3.82,
(s, 3H), 3.86 (s, 3H), 5.96 (s, 1H), 6.81 (d, 2H, J = 1.8 Hz); >C NMR § C: 209.5, 149.8,
144.7,137.4, 127.8, 124.5 CH: 121.7, 109.6, 101.9, 43.2 CH,: 42.7, 36.8, 24.9 CH3: 59.4,
54.3,17.2; IR cm™ 2938 (m), 1714 (s), 1492 (s), 1276 (s); HRMS calcd for C¢H20BrO3
(M+1) 339.0596, found 339.0591.

p-Tetralone ketals (4 and 14). A solution of 13 (3.00 g, 8.84 mmol), (S,S)-
hydrobenzoin (2.30 g, 10.6 mol), p-toluenesulfonic acid monohydrate (20 mg, 0.10
mmol), triethyl orthoformate (1.30 g, 8.80 mmol), and CH,Cl, (7.5 mL) was stirred at 25
°C for 19 h. The solution was concentrated in vacuo and the residue was purified by
chromatography to obtain 4 (2.04 g, 3.80 mmol, 43% yield) as a white semi-solid and 14
(2.04 g, 3.80 mmol, 43% yield) as a white semi-solid: 4: TLC Ry=0.28 (10%
EtOAc/hexane); [0]*°p=-101.7° (¢ = 1.0, CH,Cl,); 'H NMR § 1.88 (s, 3H), 2.11 (t, J =
13.2 Hz, J=11.4 Hz), 2.39-2.48 (m, 1H), 2.73 (d, 1H, J=13.5 Hz),2.92 (dd, 1H, J =
17.1 Hz, J= 5.4 Hz), 3.09 (dd, 1H, J= 17.1 Hz, J = 5.4 Hz), 3.14 (d, 1H, J = 17.1 Hz),
3.29 (d, 1H, J=17.1 Hz), 3.81 (s, 3H), 3.84 (s, 1H), 4.79 (d, 1H, J= 8.4 Hz), 4.87 (d, 1H,

J=28.4Hz), 5.90 (s, 1H), 6.79 (d, 1H, J= 8.4 Hz), 6.85 (d, 1H, J= 8.4 Hz), 7.19-7.35 (m,
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10H); °C NMR § C: 150.8, 146.9, 139.6, 136.7, 136.1, 127.1, 110.1 CH: 128.4, 128.3,
126.7, 126.6, 124.1, 110.8, 102.6, 85.7, 85.3, 38.8 CH,: 37.8,37.7,26.0 CHjs: 60.0, |
55.8,19.0; IR cm™ 2935 (m), 1493 (s), 1456 (m), 1279 (s); Anal. calcd for C3oH3BrOs:
C, 67.29; H, 5.84, found C, 67.42; H, 5.69. 14: TLC Ry= 0.27 (10% EtOAc/hexane);
[0]*°p = -30.9° (¢ = 1.0, CH,Cly); '"H NMR & 1.88 (s, 3H), 2.35-2.41 (m, 2H), 2.72 (dd,
1H, J = 16.8 Hz, J= 9.0 Hz), 2.84 (d, 1H, J=9.9 Hz), 3.11 (dd, 1H, J=16.8 Hz, J= 4.2
Hz), 3.29 (4, 2H, J = 4.2 Hz), 3.80 (s, 3H), 3.83 (s, 3H), 4.75 (d, 1H, J=8.7), 4.85 (d,
1H, J = 8.7), 6.08 (s, 1H), 6.78 (d, 1H, J = 8.4), 6.84 (d, 1H, J = 8.4), 7.19-7.37 (m, 10H);
BC NMR 6 C: 149.3, 145.2, 138.3, 135.4, 134.5, 127.6, 126.0, 108.6 CH: 127.1, 127.0,
126.9, 125.2, 122.6, 109.6, 101.0, 84.9, 83.4,38.0 CH,: 38.0, 36.2,25.9 CHj: 58.5,
54.5,17.5; IR cm™ 2936 (m), 1493 (s), 1455 (m), 1279 (s); HRMS calcd for C3oH3,BrO4
(M+1) 535.1484, found 535.1498.

B-Tetralone cyclopentene ketal (3). To a stirring solution of 4 (5.00 g, 9.34
mmol) in Et,0 (300 mL) was added KHMDS (0.5 M in toluene, 37.2 mL, 18.6 mmol), at
room temperature over a period of 10 min. The mixture was stirred at room temperature
for 2 h. Water (50 mL) was added dropwise over a 20 min period at 0 °C. The organic
portion was dried (MgSOy) and concentrated in vacuo. The residual oil was purified by
chromatography to obtain 3 (3.27 g, 7.19 mmol, 77% yield) as a white semi-solid: TLC
Ry=0.44 (20% EtOAc/hexane); [a]p = +38.6° (c = 1.0, CH,Cl); 'HNMR 8 1.68 (s,
3H), 2.52 (s, 1H), 2.55 (s, 1H), 2.97 (dd, 1H, J = 15.6 Hz, J= 2.0 Hz), 3.29 (dg, 1H, J =
13.8 Hz, J=2.0 Hz), 3.41 (d, 1H, J= 15.6 Hz), 3.78 (s, 3H), 3.88 (s, 3H), 442 (d, 1H, J
= 9.3 Hz), 4.81 (q, 2H, J = 12.3 Hz), 5.68 (s, 1H), 6.73 (d, 1H, /= 8.7 Hz), 6.83 (d, 1H, J

= 8.7 Hz), 7.16-7.36 (m, 10H); ); >C NMR & C: 149.6, 144.9, 136.8, 135.6, 131.0, 127.0
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110.7 CH: 126.9, 126.8, 126.7, 126.6, 125.6, 125.3, 125.2, 122.9, 122.7, 109.2, 84.3,
84.2,44.8, 44.1 CHy: 38.3, 34.6 CHj: 58.7, 54.3, 15.1; IR cm™ 2933 (m), 1491 (s), 1453
(m), 1278 (s); HRMS calcd for C3oH3;04 (M+1) 455.2222, found 455.2235.

B-Tetralone cyclopentene (15). A stirring solution of 3 (3.00 g, 6.61 mmol),
AcOH (150 mL), and H,O (75 mL) was heated at reflux for 4 h. The cooled solution was
partitioned between Et,O and H,O. The combined organic extract was dried (MgSO4)
and concentrated in vacuo. The residual oil was purified by chromatography to recover
(S,S)-hydrobenzoin (1.30 g, 6.08 mmol, 92% recovered yield) and to obtain 15 (1.36 g,
5.29 mmol, 80% yield) as a clear oil: TLC Rr= 0.54 (30% EtOAc/hexane), [o]*’p = -
51.0° (¢ = 1.0, CH,Cly); '"HNMR § 1.74 (s, 3H), 2.58 (d, 1H, J = 16.5 Hz), 2.75-2.87 (m
1H), 3.05-3.13 (m, 1H), 3.36 (dd, 1H, J=16.5 Hz, J= 1.6 Hz), 3.66 (dd, 1H, J = 16.5
Hz, J= 0.8 Hz), 3.86 (s, 3H), 3.88 (s, 3H), 4.61-4.69 (m, 1H), 5.30 (s, 1H), 6.75 (d, 1H, J
=8.7Hz), 6.79 (d, 1H, J = 8.7 Hz); "CNMR § C: 210.6, 149.9, 144.8, 137.9, 129.3,
124.5 CH: 125.2, 122.0, 109.8, 46.9, 45.2 CHj: 41.5, 39.6 CHs: 59.1, 54.3, 14.6; IR cm’”!
2937 (m), 1715 (s), 1491 (m), 1276 (s); HRMS calcd for Ci6H;503 (M") 258.1256, found
258.1249.

Cyclopentene alcohol (16). To a stirring solution of 15 (1.20 g, 4.65 mmol) and
THF (20 mL) at 0 °C was added dropwise L-Selectride® (1.0 M in THF, 5.1 mL, 5.1
mmol) over a 10 min period. The solution was stirred at 0 °C for 17 h. To this solution
was added 1.0 N aqueous NaOH (10 mL) dropwise at 0 °C followed by 30% H>O; (5
mL). The solution was stirred at ambient temperature for 1 h. The cooled solution was
partitioned between EtOAc and H,O. The combined organic extract was dried (MgSOy)

and concentrated in vacuo. The residual oil was purified by chromatography to recover
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15 (310 mg, 1.16 mmol, 25% recovered yield) and to obtain 16 (870 mg, 3.35 mmol,
97% yield) as a clear oil: TLC Ry= 0.20 (30% EtOAc/hexane); [0]*’p = +260.0° (c =
1.0, CH,Cly); '"HNMR § 1.74 (s, 3H), 2.59 (d, 1H, J = 16.8 Hz), 2.75-2.87 (m, 1H),
3.09, (t, 1H, J= 8.1 Hz), 3.36 (dd, 1H, J=16.5 Hz, J= 1.5 Hz), 3.66 (dd, 1H, J=16.5
Hz, J=1.0 Hz), 3.86 (s, 3H), 3,87 (s, 3H), 4.62-4.70 (m, 1H), 5.30 (s, 1H), 6.75 (d, 1H, J
= 8.4 Hz), 6.79 (d, 1H, J = 8.4 Hz); *C NMR & C: 149.6, 145.0, 130.7, 125.7 CH: 126.7,
122.8, 109.0, 68.4, 43.7, 39.6 CH,: 35.6, 32.7 CHj: 58.6, 54.3, 15.0; IR cm™' 3406 (b),
2926 (m), 1490 (s), 1276 (s); HRMS calcd for C;6H2003 (M") 260.1412, found 260.1402.
Sulfonamide (17). To a stirring solution of 16 (800 mg, 3.08 mmol),
diphenylphosphoryl azide (1.71 g, 6.20 mmol), triphenylphosphine (1.63 g, 6.20 mmol),
and THF (35 mL) at 0 °C was added diethyl azodicarboxylate (1.08 g, 6.20 mmol)
dropwise over a 5 min period. The solution was stirred at ambient temperature for 17 h.
The solution was partitioned between EtOAc and H,O. The combined organic extract
was dried (MgSQ,) and concentrated in vacuo. The residual oil was purified by
chromatography to obtain the azide: TLC Ry= 0.48 (10% EtOAc/hexane). The azide was
immediately dissolved in THF (50 mL), cooled to 0 °C, and treated dropwise with a
preformed solution of LiAlH,4 (1.0 M in THF, 6.20 ml, 6.20 mmol), EtOH (286 mg, 6.20
mmol), and THF (15 mL) over a 5 min period. The solution was stirred at ambient
temperature for 2 h. Saturated aqueous Na,SO; solution (0.6 mL) was added followed by
Na,S04 (1.0 g). The mixture was filtered and the filtrate was concentrated in vacuo. The

residual oil was dissolved in a solution of CH,Cl; (25 mL), Et;N (627 mg, 6.20 mmol),

and DMAP (757 mg, 0.620 mmol) followed by the dropwise addition of benzenesulfonyl

chloride (653 mg, 3.70 mmol) over a 2 min period. The mixture was stirred at ambient
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temperature for 17 h. The solution was partitioned between CH,Cl, and H,O. The
combined organic extract was dried (MgSQOy) and concentrated in vacuo. The residual oil
was purified by chromatography to obtain 17 (528 mg, 1.32 mmol, 43% yield) as a white
solid: Mp = 151-152 °C; TLC R;= 0.49 (30% EtOAc/hexane); [o]*’p =+122.8° (c= 1.0,
CH,Cl); '"HNMR § 1.53 (s, 3H), 1.98 (d, 1H, J=15.9 Hz), 2.36 (dd, 1H, J=15.3 Hz,
J=6.9 Hz), 2.41-2.60 (m, 2H), 2.77 (dd, 1H, J= 15.3 Hz, J= 3.3 Hz), 3.45-3.56 (m,
1H), 3.84 (s, 3H), 3.85 (s, 3H), 4.08-4.14 (m, 1H), 4.37 (d, 1H, J=9.0 Hz), 6.59 (d, 1H, J
= 8.4 Hz), 6.70 (d, 1H, J = 8.4 Hz), 7.48-7.63 (m, 3H), 7.81-7.86 (m, 2H); BCNMR § C:
151.1, 146.5, 141.1, 137.7, 125.8 CH: 132.4, 129.0, 127.8, 126.9, 124.3, 110.6, 52.2,
43.6,42.3 CHy: 40.6, 33.4 CH3: 60.2, 55.7, 16.2; IR cm™ 3253 (m), 2926 (s), 1492 (m),
1279 (s); Anal. caled for CpHasNO4S: C, 66.14; H, 6.31, found C, 66.05; H, 6.25.

Alkyl bromide (18). A stirring mixture of 17 (500 mg, 1.25 mmol), 1,2-
dibromoethane (1.30 mL, 2.84 g, 15.1 mmol), tetrabutylammonium bromide (52 mg, 0.16
mmol), sodium hydroxide (50% aqueous, 1.3 mL), and toluene (5 mL) was heated at 100
°C for 40 min. The solution was partitioned between CH,Cl, and H,0. The combined
organic extract was dried (MgSQy) and concentrated in vacuo. The residual oil was
purified by chromatography to obtain 18 (526 mg, 1.04 mmol, 83% yield) as a white
semi-solid: TLC Ry= 0.60 (30% EtOAc/hexane); [0]*’p = +86.2° (c = 1.0, CH,CL); 'H
NMR & 1.59 (s, 3H), 2.13 (d, 1H, J = 14.4 Hz), 2.30-2.47 (m, 3H), 2.65 (dd, 1H, J=15.0
Hz, J = 12.3 Hz), 3.34-3.68 (m, 4H), 3.75-3.83 (m, 1H), 3.83 (s, 3H), 3.85 (s, 3H), 4.19
(s, 1H), 5.44 (s, 1H), 6.56 (d, 1H, J = 8.4 Hz), 6.71 (d, 1H, J = 8.4 Hz), 7.49-7.64 (m,
3H), 7.81-7.85 (m, 1H); IR cm™* 2934 (m) 1491 (s), 1446 (m), 1342 (s); C NMR 5 C:

149.5, 145.4, 138.7, 136.3, 129.0, 125.7 CH: 131.2, 127.7, 125.5, 122.0, 109.4, 54.1,






43.7,39.6, CH,: 44.5,38.2, 31.1, 29.0 CH;: 58.6, 54.3, 14.8; IR cm™' 3406 (b), 2926
(m), 1490 (s), 1276 (s); HRMS calcd for C,4H0BrNO;S (M+1) 506.1000, found
506.0997.

Enone 20. To a stirring solution of 18 (500 mg, 0.99 mmol) and CH,Cl, (30 mL)
at —78 °C was bubbled Os until 18 was consumed (TLC). Triphenylphosphine (259 mg,
0.99 mmol) was added and the mixture was allowed to warm to room temperature over a
9 h period. The solution was partitioned between CH,Cl, and H,O. The combined
organic extract was dried (MgSO,) and concentrated in vacuo. The residual oil was
purified by chromatography to obtain 2 (453 mg, 0.84 mmol, 85% yield) as a white semi-
solid: TLC Ry=0.28 (30% EtOAc/hexane). Ketoaldehyde 2 was immediately dissolved
in toluene (15 mL). Tetrabutylammonium bromide (52 mg, 0.16 mmol) and potassium
carbonate (636 mg, 4.60 mmol) were added and the mixture was heated at reflux for 2 h.
The mixture was partitioned between CH,Cl, and H,O. The combined organic extract
was dried (MgSOy) and concentrated in vacuo. The residual oil was purified by
chromatography to obtain 20 (340 mg, 0.77 mmol, 92% yield from 2) as a white semi-
solid: TLC Ry=0.38 (50% EtOAc/hexane); [0]*p =-87.6° (c = 1.0, CH,Cl,); 'H NMR
8 1.72 (td, 1H, J = 12.6 Hz, J= 5.1 Hz), 1.95 (d, 1H, J = 12.6 Hz), 2.23-2.41 (m, 3H),
2.59 (d, 1H,J=18.9 Hz), 2.77 (td, 1H, J=12.6 Hz, J= 3.3 Hz), 3.01 (dd, 1H, J=18.3
Hz, J= 5.7 Hz), 3.69-3.73 (m, 1H), 3.74 (s, 3H), 3.81 (s, 3H), 4.24 (s, 1H), 5.91 (d, 1H, J
=9.6 Hz), 6.67 (d, 1H, /= 8.4 Hz), 6.77 (d, 1H, J= 8.4 Hz), 7.48-7.62 (m, 3H), 7.79-
7.84 (m, 2H); *C NMR 3 C: 196.4, 150.3, 145.6, 139.0, 129.0, 125.7,36.7 CH: 157.1,

131.1,127.7,125.4, 124.4, 121.8, 110.3, 49.0, 42.2 CH,: 37.9, 37.2, 34.8, 28.3 CH;:

S-10



58.7, 54.2; IR cm’! 2939 (m), 1679 (s), 1486 (s), 1280 (s); HRMS calcd for Co4HysNOsS
(M+1) 440.1531, found 440.1525.

Pentacycle 22. To a stirring solution of 20 (250 mg, 0.57 mmol) and EtOH ( 20
mL) at 0 °C was added sodium borohydride (49 mg, 1.30 mmol) portionwise over a 5 min
period. The solution was stirred at 0 °C for 1 h. The solution was partitioned between
CH,Cl, and H,0. The combined organic extract was dried (MgSO;) and concentrated in
vacuo to obtain alcohol 21 (232 mg, 0.52 mmol, 92% yield) as a white semi-solid: TLC
Rr=0.19 (50% EtOAc/hexane). Alcohol 21 (232 mg, 0.52mmol) was dissolved in
CH,Cl, (20 mL) and cooled to —40 °C. Boron tribromide (1.0 M in CH,Cl,, 5.20 ml, 5.20
mmol) was added dropwise over a 10 min period at —40 °C. The solution was stirred at —
40 °C for 1 h. The solution was poured into saturated aqueous NaHCO; solution (50
mL). The solution was partitioned between CH,Cl, and HO. The combined organic
extract was dried (MgSQ,) and concentrated in vacuo. The residual oil was purified by
chromatography to obtain 22 (149 mg, 0.36 mmol, 70% yield from alcohol 21) as a clear
oil: TLC Ry= 0.48 (30% EtOAc/hexane); [0]*’p = -173.9° (¢ = 1.0, CH,Cl,); 'HNMR &
1.35-1.48 (m, 1H), 1.82-1.88 (m, 2H), 1.98 (dt, 1H, J=17.4 Hz, J = 5.7 Hz), 2.33-2.41
(m, 1H), 2.42 (d, 1H, J= 18.3 Hz), 2.81 (dd, 1H, J=19.2 Hz, J = 6.6 Hz), 2.86-2.93 (m,
1H), 3.75 (d, 1H, J = 12.9 Hz), 3.83 (s, 3H), 4.43 (dd, 1H, J= 6.3 Hz, J= 3.3 Hz), 4.92
(s, 1H), 5.69 (dt, 1H, J=10.2 Hz, J= 3.3 Hz), 5.82(dd, 1H,/=10.2 Hz, J= 5.4 H),
6.48 (d, 1H, J= 8.4 Hz), 6.67 (d, 1H, J = 8.4 Hz), 7.50-7.63 (m, 3H), 7.82-7.86 (m, 2H);
BCNMR § C: 145.0, 143.7, 140.7, 128.2, 125.4, 41.1 CH: 132.7, 131.6, 129.4, 127.1,

124.6,119.0, 113.7, 87.4, 52.6, 38.6, 35.1, 27.5, 24.0 CH2: 39.5, 35.1, 27.5, 24.0 CH3:
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56.4; IR cm™ 2931 (m), 1501 (m), 1446 (m), 1161 (s); HRMS calcd for Cp3H24NO4S
(M+1) 410.1426, found 410.1423.

Carbamate 23. A stirring solution of 22 (125 mg, 0.29 mmol), Red-A1® (30% in
toluene, 0.91 mL, 2.90 mmol), and toluene (1 mL) was heated at reflux for 30 min. The
solution was cooled to 0 °C and saturated Na;SO4 aqueous solution (0.50 mL) was added
followed by Na,SO4 (2.0 g). The mixture was filtered and the filtrate was concentrated.
The residual oil was dissolved in a solution of CH,Cl; (10 mL) and Et;N (0.10 mL, 0.72
mmol). Ethyl chloroformate (0.46 mL, 53 mg, 0.48 mmol) was added dropwise over a 2
min period. The solution was stirred at 25 °C for 1 h. The solution was partitioned
between CH;Cl, and H,O. The combined organic extract was dried (MgSO4) and
concentrated in vacuo. The residual oil was purified by chromatography to obtain 23 (77
mg, 0.23 mmol, 78% yield) as a clear oil: TLC R= 0.48 (30% EtOAc/hexane); [o]*’p = -
191.5° (¢ = 1.0, CH,Cl,); '"H NMR & 1.27 (t, 3H, J= 7.2 Hz), 1.41-1.54 (m, 1H), 1.72-
1.87 (m, 1H), 2.00 (dt, 1H, , J=17.6 Hz; J= 5.6 Hz), 2.24-2.33 (m, 1H), 2.69 (d, 1H, J=
18.4 Hz), 2.80-3.07 (m, 2H), 3.86 (s, 3H), 3.90-4.11 (m, 1H), 4.15(g, 2H, J= 7.2 Hz),
4.57 (minor amide rotamer), (s, 1H), 4.70 (major amide rotamer), (s, 1H), 4.94 (s, 1H),
5.71(d, 1H, J=10.2 Hz) 5.85 (dd, 1H, J= 10.2 Hz, J= 5.6 Hz), 6.62 (d, 1H, J = 8.4 Hz),
6.73 (d, 1H, J = 8.4 Hz); *C NMR § (major amide rotamer) C: 155.3, 144.8, 143 4,
128.5,125.8, 41.1 CH: 131.8, 124.4, 118.9, 113.3, 87.3, 50.1, 37.7 CH,: 61.3, 37.8, 35.0,
28.8,24.0 CH3: 56.2, 14.6; (minor amide rotamer) C: 155.0, 144.8, 143 4, 128.5, 125.6,
41.1 CH: 131.5, 124.6, 118.9, 113.3, 87.3, 50.4, 37.7 CH;: 61.3, 37.8, 34.7, 29.0, 24.1
CH3: 56.2, 14.7; IR cm™ 2909 (m), 1693 (s), 1503 (m), 1427 (m); HRMS calcd for

CyoH2oNO4 (M+1) 342.1705, found 342.1703.
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Epoxide 24. A stirring solution of 22 (77 mg, 0.23 mmol), hydrogen peroxide
(30% in H,0, 0.15 mL, 0.72 mmol), [(CsH 7)sNCH;3]*3[PO4[W(O)(O2)2]4> (0.026 M in
dichloroethane, 1.90 mL, 0.05 mmol), dichloroethane (12.5 ml), and H,O (1.25 mL) was
heated at reflux for 2 h. The solution was partitioned between CH,Cl, and H,O. The
combined organic extract was dried (MgSOy) and concentrated in vacuo. The residual oil
was purified by chromatography to obtain 23 (62 mg, 0.17 mmol, 75% yield) as a clear
oil: TLC Ry= 0.21 (30% EtOAc/hexane); [0]*’p = -220.1° (¢ = 1.0, CH,Cl,); ); 'H NMR
81.16 (dd, 1H, J=14.7 Hz, J = 12.0 Hz), 1.26 (t, 3H, J = 7.2 Hz), 1.68-1.81 (m, 2H),
2.03(d, 1H, J=13.2 Hz), 2.18 (dt, 1H, J=11.7 Hz, J= 4.5 Hz), 2.69 (d, 1H, J=18.9
Hz), 2.76-3.00 (m, 2H), 3.08 (t, 1H, J= 3.3 Hz), 3.16 (d, 1H, J= 3.3 Hz), 3.89 (s, 3H),
3.91-4.07 (m, 1H), 4.10-4.21 (m, 2H), 4.49 (minor amide rotamer), (bs, 1H), 4.63 (major
amide rotamer), (bs, 1H), 4.76 (s, 1H), 6.66 (d, 1H, J= 8.4 Hz) , 6.78 (d, 1H, J= 8.4 Hz);
BC NMR (major amide rotamer) 6 C: 155.3, 145.4, 142.7, 127.1, 125.8, 40.8 CH: 119.6,
113.6, 85.4,52.4,51.3,49.9, 32.3 CHy: 61.4, 37.6, 35.9, 28.9, 23.2 CHj: 56.3, 14.6;
(minor amide rotamer) 8 C: 154.9, 145.4, 142.7, 127.1, 125.6, 40.8 CH: 119.6, 113.6,
85.4,52.4,51.3,50.3, 32.4 CHy: 61.4, 37.4, 35.6,29.1, 23.3 CHj: 56.3, 14.7; IR cm”’
2933 (m), 1693 (s), 1504 (m), 1428 (m); HRMS caled for CooHosNOs (M+1) 358.1654,
found 358.1663.

Phenylselenide 25. To a stirring solution of 23 (62 mg, 0.17 mmol) and EtOH (6
mL) was added a preformed solution of sodium borohydride (114 mg, 3.00 mmol),
diphenyldiselenide (468 mg, 1.50 mmol) and EtOH (6 mL) dropwise over a 2 min period.
The solution was heated at reflux for 2 h. The solution was partitioned between CH,Cl»

and H,O. The combined organic extract was dried (MgSOs) and concentrated in vacuo.
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The residual oil was purified by chromatography to obtain 23 (66 mg, 0.13 mmol, 75%
yield) as a white solid: Mp = 78-80 °C; TLC R;= 0.26 (30% EtOAc/hexane); [a]*’p = -
110.0° (¢ = 1.0, CH,CLy); ); "HNMR & 1.15 (t, 1H, J= 12.6 Hz), 1.23 (t, 3H, J = 6.9 Hz),
1.62-1.79 (m, 2H), 1.96 (d, 1H, J = 14.1 Hz), 2.04 (d, 1H, J = 12.0 Hz), 2.60-2.86 (m,
3H), 3.09 (t, 1H, J=11.7 Hz) 3.39 (dd, 1H, J= 11.7, J= 6.3 Hz), 3.88 (s, 3H), 3.92-4.03
(m, 1H), 4.11 (q, 2H, J = 6.9 Hz), 4.45 (s, 1H), 4.47 (minor amide rotamer), (s, 1H), 4.62
(major amide rotamer), (s, 1H), 6.62 (d, 1H, J= 8.1 Hz), 6.74 (d, 1H, J= 8.1 Hz), 7.22-
7.31 (m, 3H), 7.49-7.56 (m, 2H); *C NMR (major amide rotamer) § C: 55.4, 144.1,
143.8, 128.8, 127.7, 124.9, 43.7 CH: 135.2, 129.2, 128.1, 119.7, 114.3, 95.3, 76.1, 50.3,
46.7,41.8 CH,: 61.4, 37.8, 34.8, 32.1, 28.4 CHj: 56.6, 14.6; (minor amide rotamer) 6 C:
55.1, 144.1, 143.8, 128.8, 127.7, 124.7, 43.5 CH: 135.2, 129.2, 128.1, 119.7, 114.3, 95.3,
76.1, 50.6, 46.7, 41.8 CHy: 61.4, 37.8, 34.4, 32.1,28.7 CHz: 56.6, 14.7; IR cm™ 3419 (b),
2926 (m) 1686 (s), 1500 (m), 1438 (s); Anal. calcd for C,6H2NOsSe: C, 60.70; H, 5.68,
found C, 60.52; H, 5.33.

Allylic alcohol 26. To a stirring solution of 25 (10.0 mg, 0.019 mmol), saturated
aqueous NaHCOj3 solution (2.0 mL) and THF (2.0 mL) at 25 °C was added a solution of
sodium periodate (100 mg, 0.47 mmol) and H,O (0.50 mL) in a single portion. The
mixture was stirred at 25 °C for 30 min. The solution was filtered through a bed of
Celite® and the filtrate was extracted with CH,Cl, (3 x 50 ml). The combined organic
extract was dried (MgSO4) and concentrated in vacuo. The residual oil was added to a
mixture of benzene (2.0 mL) and saturated aqueous NaHCOs solution (2.0 mL). The
mixture was heated at reflux for 45 min, then partitioned between CH,Cl; and H>O. The

combined organic extract was dried (MgSOy) and concentrated in vacuo. The residual oil
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was purified by chromatography to obtain 23 (3.9 mg, 0.011 mmol, 58% yield) as a clear
oil; TLC Ry= 0.31 (50% EtOAc/hexane); [0]*p = -208° (¢ = 1.0, CH,Cl,); 'H NMR &
1.23-1.34 (t, 3H, J = 6.9 Hz), 1.70 (s, 1H), 1.83-2.04 (m, 2H), 2.30-2.48 (m, 1H), 2.67-
3.01 (m, 1H), 3.85 (major amide rotamer) (s, 3H), 3.91 (minor amide rotamer), (s, 3H),
3.92-4.30 (m, 3H), 4.66 (minor amide rotamer), (s, 1H), 4.77 (major amide rotamer), (s,
1H), 4. 62 (minor amide rotamer), (bs, 1H), 4.93 (major amide rotamer), (s, 1H), 5.65 (d,
1H, J = 9.9 Hz), 5.98-6.06 (m, 1H), 6.54-6.75 (m, 2H, Ar); *C NMR (major amide
rotamer) § 155.8, 146.0, 143.4, 132.4, 131.9, 129.7, 126.2, 119.5, 113.6, 94.3, 68.1, 56.6,
50.4, 47.5,41.7,39.3, 38.3, 35.7, 29.3, 14.9; (minor amide rotamer) 6 155.5, 145.7,
142.6, 132.2, 132.0, 129.7, 126.0, 120.5, 115.3, 91.4, 61.8, 56.9, 50.8, 47.5, 40.0, 39.4,
38.1,35.4,29.5, 15.0; IR cm™ 3428 (b), 2931 (m), 1689 (s), 1503 (m), 1438 (s); HRMS
caled for CyoH4NOs (M+1) 358.1654, found 358.1639.

Codeine 27. A solution of 26 (5.0 mg, 0.014 mmol), MnO; (20.0 mg, 0.23
mmol) and CH,Cl, (2.0 mL) was stirred at 25 °C for 15 min. The mixture was filtered
through a bed of Celite® and the filtrate was concentrated. The residual oil was
immediately dissolved in THF (1.0 mL) and LiAlH, (1.0M in THF, 0.50 ml, 0.50 mmol)
was added dropwise over a period of 1 min. The solution was heated at reflux for 15
min. The solution was cooled to 0 °C and saturated Na,SO;4 aqueous solution (0.50 mL)
was added followed by Na;S04 (2.0 g). The mixture was filtered and the filtrate was
concentrated. The residual oil was purified by chromatography to obtain 27 (3.1 mg,
0.011 mmol, 75% yield) as a white solid: Mp = 151-153 °C; TLC Ry= 0.21 (10%
MeOH/CH,CL); [0]p = -134° (¢ = 0.1, EtOH); 'H NMR & 1.88 (d, 1H, /= 12.8 Hz),

2.03-2.12 (m, 1H), 2.31 (dd, 1H, J = 18.4 Hz, J = 6.0 Hz), 2.40 (dd, 1H, J=12.4 Hz, J =



3.5 Hz), 2.45 (s, 3H), 2.60 (dd, 1H, J= 12.0 Hz, J = 4.4 Hz), 2.69 (s, 1H), 3.05 (d, 1H, J
= 18.4 Hz), 3.36 (dd, 1H, J = 3.2 Hz), 3.85 (s, 3H), 4.16-4.20 (m, 1H), 4.89 (dd, 1H, /=
6.8 Hz, J=1.1 Hz), 5.29 (dt,, J = 10.0 Hz, J= 2.7 Hz), 5.71 (d, 1H, J=10.0 Hz), 6.57
(d, 1H, J= 8.4 Hz), 6.66 (d, 1H, J= 8.4 Hz); °C NMR § C: 146.2, 142.0, 130.8, 126.8,
56.1 CH: 133.3,127.9,119.3, 112.7,91.2, 66.3, 58.7, 40.4 CH,: 46.3, 35.5, 20.3 CHj3:
58.8,42.8; IR cm™ 3400 (b), 2925 (s), 1501 (s), 1451 (s); HRMS calcd for C3H»NO;
(M+1) 300.1599, found 300.1601.

Morphine (1). To a stirring solution of 27 (6.0 mg, 0.020 mmol) and CHCl; (2.0
mL) was added boron tribromide (1.0 M in CH,Cl,, 0.140 mL, 0.140 mmol) dropwise
over a 1 min period. The mixture was stirred at 25 °C for 15 minutes. A solution of 10%
aqueous ammonium hydroxide (2 mL) was added dropwise at 0 °C over a 2 min period.
The aqueous portion was extracted with a 9:1 mixture of CH,Cl,/EtOH (4 x 80 mL). The
combined organic extract was dried (MgSOy) and concentrated in vacuo. The residue
was crystallized from MeOH/CHCI3/Et,0 to obtain 1 (4.9 mg, 0.017 mmol, 86% yield)
as a white solid: Mp = 251-255 °C; TLC Ry= 0.06 (10% MeOH/CH,Cly); [0]*°p = -
127.1° (¢ = 0.1, MeOH); 'H NMR (CDCl3/CD;0D-5/1) § 1.90 (d, 1H, J=12.9 Hz),
2.06 (td, 1H, J=12.9 Hz, J= 5.1 Hz), 2.34 (dd, 1H, J= 18.9 Hz, J = 6.3 Hz), 2.46 (s,
3H), 2.47 (dd, 1H, J=24.3, J=3.6 Hz), 2.60 (d, 1H, J = 4.5 Hz), 2.62-2.68 (m, 1H),
3.03, (d, 1H, J = 18.6 Hz), 3.35-3.39 (m, 1H), 4.16-4.21 (m, 1H), 4.84 (dd, 1H, J=6.3
Hz, J= 1.3 Hz), 5.27 (td, 1H, J=9.9 Hz, J = 2.6 Hz), 5.67 (d, 1H, J=9.9 Hz), 6.48 (d,
1H, J=8.1 Hz), 6.62 (d, 1H, J= 8.1 Hz); >C NMR & C: 145.6, 138.1, 130.4, 125.5, 42.7

CH: 132.7,127.9, 119.5, 116.8, 91.1, 66.2, 58.7, 40.0 CHa: 46.2, 34.8,20.4 CH3: 42.4 ;
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IR cm™ 3352 (b), 2924 (s), 1459 (m), 1249 (m); HRMS calcd for C17H20NO3 (M+1)

286.1443, found 286.1445.
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Acquired on: Unity Plus-300-NB Acquired by: J. Groce / G. Blankenship MeO nu

MeO
11 OMe

CH3 carbons

CH2 cazxbons

O
o
(/)]
CH carbons
L " A r,»;‘ QA J .1. P.ll_ "

all prqtonated carbons

ddny " vy otk - e v " by oy W ot ﬁuf s r?! " i
‘ﬁ___ﬁ___—___AAA_A_AA____«_H__‘AAﬂﬂ___,g_ﬁ__Wﬁ_A_w__AA__“A__gA_*Aqﬂﬂd_____H_v~___,,____‘____ﬁﬁga_g,M_ﬂaqﬁ;‘,___ﬁ~\4|~|_|3J.:T];“q
220 200 180 160 140 120 100 80 60 40 20 ppm

99790-14 NEUBERTD DATE: 10-03-00 SOLVENT: CDCL3 Cl3 Freq: 75.43 MHz. FILE: nbl10032000.194540¢c



Acquired on: Unity Plus-300-NA

Acquired by: J. Groce / M. Kline

W o W @ o ¢ O o
- 4 © O [, v n g9 o
el ™ A o [--] Q“ Q“ Q“ o.
vwweww . “- o o
ﬁ
v__“___AQy__,—ﬁﬂ_A,_,_,_“_Ak_44_ﬂ~ﬂ-;,_,___4__;ﬁﬁa___.
15.0 14.0 13.0 12.0 11.0 ppm ﬁW\
M~
o
Br 0
Br -
12
_— ] — H\L _ \)yﬁk\’ L
L " Lr A \Rf A \y’
A T T 7T g T T T V T T T ~ T T T T ﬁ T T T T ; T T T T ﬁ T T T T “ 1 T _ 1 T ﬂ‘q.\J:\~i¥l4
10 9 8 7 6 5 4 3 2 pPpm
,’J!:L rJ|L.|J11_I—L|J\L _wwﬂ ,|ﬂ|rlq|v\4;<fﬂt L J‘_
0.31 15.18 0.12 32.50 47.20 1.52
0.41 0.12 0.20 0.38 0.27 1.39
99790-133 NEUBERTD DATE: 07-23-02 SOLVENT: CDCL3 H1 Freg: 300.02 MHz. FILE: na07232002.142709h



99790-133 NEUBERTD

Archive directory: /home/vnmrl/vnmrsys/data
sample directory: auto_14Nov2001

File: CARBON

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 25.0 C / 298.1 X
INOVA-400 “"chemdsgc2"

Relax. delay 1.000 sec
Pulse 47.5 degrees
Acq. time 1.199 sec
Width 25133.5 Hz

128 repetitions

OBSERVE C13, 100.4688814 MHz
DECOUPLE H1l, 399.5598156 MHz

Power 40 dB
continuocusly on
WALTZ-16 modulated

105.973

Br

12 Br

-77.551
—77.230

32.752

20 950
403V

DATA PROCESSING m
Line broadening 1.0 Hz '
FT aize 65536 “
Total time 9 min, 25 sec
R 1 2 e T ) T
160 140 120

S-28



Acqguired on: Unity Inova-400-ND Acquired by: vnmrl

CH3 carbons

Br
Br
CH2 carbons 12
. ,
[*]
o
[/]
CH carbons
all protonated carbons
VY I\ i_ o B,
L st T B S LA A L O L (A L L L A LI
140 120 100 80 60 40 20

99790-133 NEUBERTD DATE: 07-23-02 SOLVENT: cdcl3 Cl3 Freq: 100.48 MHz, FILE: nd07232002.151957¢c



Acquired on: Unity Plus-300-NA

Acquired by: J. Groce / M. Kline

g 33 e 3 - s ® 983 g
Noaa % & LR B R 2
_\wﬂ‘w‘A;,AA‘ﬁ_Wq_ﬁ__ﬁgfw“__v_~_~___AA,__,,_wﬁ_vA“_
15.0 14.0 13.0 12.0 11.0 ppm
e
° r &
MeO
13 OMe . Br x\\ \j
-
'\\ L \\IL \\ — L I\’l\\l —
T i WL
_ T T i T ,* T T T i 7 T T T 1 v T T T T _ T T T T _ T _ T T 7 — T T T T _ T T A T T 1 T ﬁ
10 9 8 7 6 5 4 3 2 1 ppm
~|_|bbL r|4|_ _Ii.‘.‘_ I T i T ;_ T 1 _\_ L | PR [ vaibL||4IL|.1}tiJ\‘ e J o r\:q\liL
1.24 4.73 29.52 9.88 14.29 13.73 1.15 2.63
9,71 0.42 0.09 4.74 5.27 1.92 0.70
99790-117 NEUBERTD DATE: 05-09-02 SOLVENT: CDCL3 H1 Freq: 300.02 MHz. ¥ILE: na05092002.200353h




Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

index freq(ppm) freg(Hz)

1 209.515 15807.5

2 190.127 14344.7

3 176.345 13304.9

4 149.827 11304.2

5 144.743 10920.6

6 138.851 10476.1

7 137.406 10367.1

8 137.226 10353.4

0] 9 136.488 10297.8

10 133.533 10074.8

11 129.443 9766.3

MeQO 12 127.776 9640.4
13 126.538 9547.1

13 OMe xBr 14 | 124.505  9393.7

15 121.703 9182.3

16 115.193 8691.1

17 113.406 8556.3

18 112|.764 8507.9

19 109/.559 8266.0

20 108,733 8203.7

21 101[.946 7691.6

22 101|.850 7684.4

23 76/.009 5734.7

24 75/.586 5702.8

25 75(.159 5670.6

26 59\.564 4494.0

27 59(.249 4470.2

28 59,137 4461.8

29 55/.540 4190.4

30 54/.318 4098.2

31 43/.177 3257.6

32 42/.681 3220.2

33 42\.320 3192.9

34 38192 2881.5

35 36[.751 2772.8

36 24895 1878.3

37 17/.896 1350.3

38 17.312 1306.2

39 11.235 1300.4
N RTIRgI. pa—— R m " ;t;tkr:;z :;Fsk; rtfhsi:rcs; r;stzs PP e ﬁiiszft:ér;ix 4txz‘asft;;z;;iiztix;;

§ VTR TR b i o ot d Mgkt L L G " Ll L i i i

ﬁ—__.___,__A___AA_A_A,___g___4_,__‘M_~______ﬁﬁ“_ﬁﬁ__a_____g_‘u_g_éa_~4_,AAA\M__,_Q___‘___A__A__g_\ﬁjlj__akﬂa_,
200 180 160 140 120 100 80 60 40 20 ppm

99790-117 NEUBERTD DATE: 05-14-02 SOLVENT: CDCL3 C13 Freq: 75.45 MHz, FILE: na05142002.212029¢c
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Acquired on: Unity Plus-300-NA

CH3 carbons

Acquired by: J. Groce / M. Kline

A A ~ A - n e oriabin, A iy Y v powar " o A . A " s
0]
MeO
Br
CH2 carbons
(Y]
@
(2]
CH carbons
et . r,.l»l?iiri?rcfér,l . ok . N
all protonated carbons
A ottt A v i L PPV IOV, PRPP W L Py ?g e "
w—gaa~u4..__ﬁ,_aﬁ__A_A_A_,‘____%__.,_‘_______4__ﬁ_,,q~‘_ﬁd__qgﬁ._‘#,__AA_A~_ﬁ#‘_ﬁ_;4,ﬁﬁ4ﬁ~#_ﬂ,_,_ﬂ_‘_f%#A__
180 160 140 120 100 80 60 40 20 0 ppm
99790-~-117 NRUBERTD DATE: 05-11-02 SOLVENT: CDCL3 C13 Freq: 75.45 MH=z. FILE: na05112002.185338¢c



Acquired on: Unity Plus-300-NA

Acquired by: J. Groce / M. Kline

§-33

0.28

N i N 9 W o |~ (-]
A O O 0 oo -3
R R &% @
[ B o T o T o T N ﬂq«u -t
ﬂ{.v__ﬁA,‘_-a_4ﬁhA_,_~‘__,ﬁ,_H_«_ﬁv—__‘A,_ﬁ_ﬁf‘A____‘_,
15.0 14.0 13.0 12.0 11.0 pPpm
Ph L ﬁ
O\A,\_u:
0]
MeO
14 OMe ™ Br
_ o — | i T
4 T 1 i T « T T ‘ T T T A T 7 I T T A, T W T T T T a i T T B ' T ﬁ‘\a‘j‘wnﬁ Jﬁ.\‘J“i.q‘; o
10 9 8 7 6 5 4 3 2 1
L T ] , ! T ﬁ,. (TPL riﬂ_ T :»_# : 1 T L ¥ T \_“__,_~_: 1 i
32.23 2.96 6.31 18.810.17 6.34 9.48 0.46 0.26
6.51 0.14 0.16 0.0 9.44 5.92 0.08 0.10 0.25
99790-128B NEUBERTD DATE: 06-24-02 SOLVENT: CDCL3 Kl Freq: 300.02 Muz. FILE: na06242002.180747h
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149.280
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135.404
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126993
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Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons |

Ph
O\A,,\E_
o

MeO
CH2 carbons 14 OMe . L Br : ?
_ | 1
)
?
(/2]
CH carbons ‘r
Y .
all protonated carbons & P
T N _r
jA__v__.__,_,,HH,A_A_A_ﬁA_AA__*_ﬁ,_~Aﬁ_mﬁ_ﬁA___‘4*,‘____Aﬁﬁ__M_‘a-_H~HﬁH_A_ﬁ4_A_;_,_V_*A_AA__v_q_ﬂ_ﬁ*HA__,m_y_.ﬁg_,_,_,,Jf‘_k_\qlﬂ
220 200 180 160 140 120 100 80 60 40 20 ppm

99790-128B NEUBERTD DATE: 06-24-02 SOLVENT: CDCL3 Cl13 Freqg: 75.45 MHz. FILE: na06242002.194331c



Acquired on: Unity Plus-300-NB

Acquired by: J. Groce / M. Kline

™~ o i~ [ a) (-]
N " A © < O ~ o~ o
maea © |= @ = S
| T o B o I 1_-/3 - o
14\,_,ﬁ___a;_l‘______ﬁ_~ﬁ__‘__ _~_ﬁ_ﬁq‘_4___ﬂﬁ~ﬂ_wﬁ___g_,
15.0 14.0 13.0 12.0 11.0 ppm
Ph j
O\W,\_u:
. © 8
MeO “ b
4 OMe L/\mq
g . %L?;EEF( — A
4 I 7 T _ T T T T _ T T T T ‘ T T T T rﬁ 1 T T T m T T T _ T | I _ T T T ~ T T 7 _ [ _ 1
10 9 8 7 6 5 4 3 2 1 ppm
L | | : ] { T L T } 1 I AHLI‘\"_'ﬂLIIl?q‘ ) A:L T I T L T _,_ T :___ 1 t 1 : . ,\. hrll.ji 4
31.05 0.07 6.14 18.31 9.33 3.08 2,988.50.17 0.25 0.20
6.39 2.90 0.16 0.20 3.12 3.19 0.120.151.62 0.18 1.83
99790-128A NEUBERTD DATE: 07-18-02 SOLVENT: CDCL3 Hl Freq: 299.93 MHz. FILE: nb07182002.161116h



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

Ph
O\P,\ Ph
o
MeO K
4 OMe \\F\wﬁ

S-37

e %tiigiifi vt st it {ég& T T

11 1 A A D e T A T T T (1 e
| f _ ! ,

220 200 180 160 140 120 100 80 60 40 20 ppm

99790-~-128A NEUBERTD DATE: 06-10-02 SOLVENT: CDCL3 Cl3 Freq: 75.45 MHz. FILE: na06102002.124720c



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons b

CH2 carbons

S-38

CH carbons

all protonated carbons f{%
P I iﬁf N W ,L . % - -

_,_,_4_‘744\aﬁ4‘_\HM_H‘H,Aﬁ_ﬁ_~*_.A,~,,__7,_q_g_#“ﬂvﬁ‘__A,Hq,f__\;“ﬁ_v~__ﬂg___,.,_ﬁ:;*,gua

160 140 120 100 80 60 40 20 ppm

99790-128A NEUBERTD DATE: 06-10-02 SOLVENT: CDCL3 Ci3 Freq: 75.45 MHz. FILE: na06102002.125014c



AcqQuired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline

W M 4 4 0O 0O + O @ ™ B~ B~ o
NN O >~V NN N © W © [+ ]
M M N N N NN W -] o
) o B o T o N o T » W T o W S S o ™M ™M L]
_A—__Aﬁgi_,g_gv_A_~ﬁ_A__,__ ____4Aa“~444_ﬁ_¥
15.0 14.0 13.0 11.0 pPpm

10

[¢)]
?
w
\ | \ﬁ
ngj —_— S K\\\\\L \\ 1\\&\ —— —
T T 1 _ T T T T _ T T 7 “ T T T T ‘ T T T T I T T T _ T T _ T I T — T T T 1 _ T T T ]
9 8 7 6 5 4 3 2 1 ppm
L T Il ﬁ,\JI. i T 1 T IL T 1 T ] L T ) ¥ i ; . H1_ T _i___ T e I 1 r 1 : 1 T JL -] L T i ) i
0.10 6.58 0.12 2.86 6.43 0.20 0.07 9.62 0.18 0.17 0.02
33.79 0.11 0.10 0.04 3.08 18.900.09 6.40 10.35 0.17 0.63
99790-129 NEUBERTD DATE: 07-18-02 SOLVENT: CDCL3 H1 Freq: 299.93 MHz. FILE: nb07182002.160531h
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Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline

CH3 carbons é
haand S, Al M LAttt ot o0 T kL .
MeO
CH2 carbons 3
" gt -y
~—
¥
wn
CH carbons
, , ) , e P S
f |
‘ | |
all protonated carbons L
(ﬁg_4‘~,ﬁ,ﬁm_Agﬁﬁgq,__;‘aa‘gA~__,qqa__<4~ﬁaal_lﬁ7___~___h‘_,_,_iﬁ_______4¢~‘4‘__‘4~__ﬁﬁ_A,_‘“w__,__~ﬁ,,_4_41___;f,1%_4,A%ﬁ___AHleﬂ.AJiA
220 200 180 160 140 120 100 80 60 40 20 ppm

99790~-129 NEUBERTD DATE: 06-19-02 SOLVENT: CDCL3 Cl13 Freq: 75.43 MHz. FILE: nb06192002.194608c



Acquired on: Unity Plus-300-NB

Acquired by: J. Groce / M. Kline

©~N ~ O N & © M~ N 4 -+ W m
w ~ n ~ I mMm N ® © 4 MM
~N ™~ ™~ 0 @ W W nnm m &~~~ >
~ 0 o M M M MmN M Lo I B B
“__gAﬁ._____gﬂﬂﬁﬁ_“_ﬁ‘_A_, *___gﬁ_‘%__lag__«A‘,,;,iv
15.0 14.0 13.0 12.0 11.0 ppm
— — I
| J
e H § ) J /
—_— e m——— p— P - \|\\lv|||\vl\ T T
; M } A . \‘ zLji\E[‘gi.i{{r L
TyTIUTTTTITT ll,xﬁ||.__ ] i T T ‘A.l T T T T _ T i T _ 7 T T T ’ T ¥ ‘ T T T _ T T \41,_,11. T T T ,“ T T
10 9 8 7 6 5 4 3 2 1
L T 1L ; L T { r j ] T e [ — 1 ﬂ\\h ; 3 : ] 1 T : i r L . t
1.49 -0.02 4.46 0.12 37.13 10.68 0.12 0.25
10.04 0.11 4.59 0.18 10.08 0.36 17.21
99790-130 NEUBERTD DATE: 06-24-02 SOLVENT: CDCL3 H1l Freq: 299.93 MH=z. FILE: nb06242002.213647h
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149.914
144.782
143.487

137.875

129.257
125.233
124.537

1215973
121.693
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100 03

\-

16983
109.539
109.431
101.928

76.075

75.648
75.222

59.128
55.149
54.277

46.901
45.202
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Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons

CH2 carbons

o ._LCﬁ)sr i, "

<t
hi
[72]
CH carbons
A L erLf f{ " T ,— ﬁihfr.a.r -
all protonated carbons
- _ _ . Y T e
.j:__,*,_gﬁwﬂv___vg_qv«_____ﬂﬂg_AM____‘___,_g_AA,___ﬁ___A%,__~___,___,‘-*_4___,g___,v_,__“_‘“qag,_ﬁaaﬁ__v~__A_.4AA_ﬁ_<41ﬂj‘4ﬂj_‘j
220 200 180 160 140 120 100 80 60 40 20 ppm

99790-130 NEUBERTD DATE: 06-25-02 SOLVENT: CDCL3 C13 Freqg: 75.45 MHz. FILE: na06252002.194108¢c



Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline
oo~ o nin @® m 0 o
® W« ] 0l m o H o S
NN R _J 2 @ e S
v v © n ™ M.W o oo o °
\Jl,___gaﬁﬂﬁ__kﬁ_,ﬁﬁJ)ﬂ,__AAa__4__Af_A_Aﬁ__ﬁyuﬂ,____H~ﬁ,
15.0 14.0 13.0 12.0 11.0 ppm ﬁ
OH :
MeO ", 3
: [72]
16 OMe ==
—

% g - D e .

1 1 T T T T T T T T T T T T T T T T T T T i T T T T T T T T T T T [ AR E A R |
* _ I 4 I T _ _ _ 1
10 9 8 7 6 5 4 3 2 1 pPpm
I e LI - ,J[\ i L r | ' i T J L T J 1 T 1 T L T ! . Il r } t Jwrl_\L
0.24 0.06 9.87 0.14 0.09 0.05 0.89 1.55
9.55 4.46 29.20 24.61 19.25-0.03 0.07

89790~131 NEUBERTD DATE: 07-12-02 SOLVENT: CDCL3 Hl Freq: 299.93 MHz. FILE: nb07122002.094135h
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137.817
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Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons

oot FYTRRS SRR s oA e PP " Mo igdiod A femng i ol Jotahanc Ao,
P T e W ¥

W e iy SROTPRVRRIIRNIND N RUUIRE S S tostn

MeO

CH2 carbons

CH carbons

all protonated carbons

o\ A " A PR
Liaghs MAadil) Llantad Wit e iply

™ " " , P R A art ey Rimio bt rimdiond VL A " ok v ok " oo " ,Q. " h A I dnainh
e ity o la nd L N upret At ARy otk WAt giryion Al b y St A Ve Wy y

A,__Ag__jﬂ_v«ﬁ__~4__~‘“‘_____~__.___.~4__A__A_ﬂ_‘__,,__4_‘_~_744_AA______A___.__uﬁ___d_a_#a____v~___‘a_74“*¥,'_ﬁ__*_ <lﬁg\_‘ﬁ4,‘lﬁ

220 200 180 160 140 120 100 80 60 40 20 ppm

89790-131 NEUBERTD DATE: 06-25-02 SOLVENT: CDCL3 C13 Freg: 75.45 MHz. FILE: na06252002.212203¢c



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline
* O MO dO OHM o|lo a o o
0NN NI A B o 6 O in| < <4 N o
seeanna §o@ =@ n °
[ S A O - I I M, oo S
_‘Jl._\_ﬁAA_ﬂg_ﬁﬂé__g__~__¥A4~ﬂ—aﬂ—___4~4_‘~_¥‘A_~._qﬂ4
15.0 14.0 1340 12.0 11.0 ppm
[eo]
. b
[42]
-
\\l\
_ By § _ J o - |
g | JonJn oA L _
ﬁ i T T ‘ T T T _ R T A 1 f T _ T T T _ ¥ T T i ﬁ 7 T _ T T T i ﬁ 1 4 1
10 9 8 7 6 5 4 3 2 1 ppm
.|<||._|J| . ,14L .._‘Lll FAL L 1 L T 1 T L I J L ¢ L T 1L T J b e _d rw¥ i wlﬂ\\_
7.22 1.02 3.75 3.13 22.52 3.71 3.18 0.27
11.31 3.63 3.44 3.81 4.07 10.65 12.77 5.50
99790-50 NEUBERTD DATE: 07-01-02 SOLVENT: CDCL3 H1 Freq: 300.02 MHz. FILE: na07012002.101955h




Acquired o..w“ Unity Plus-300-NA Acquired by: J. Groce / M. Kline
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99790~50 NEUBERTD DATE: 07-02-02 SOLVENT: CDCL3 C13 Freq: 75.45 MHz. FILE: na07022002.074027c



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons
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all protonated carbons
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99790-50 NEUBERTD DATE: 07-02-02 SOLVENT: CDCL3 Cl1l3 Freq: 75.45 MHz. FILE: na07022002.074057¢



Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline
MmN A A Vv o N |0 N O 9 o
o M o e E 4 O (-] < m a 0 < o
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{ I 11 L : ) ! I 1 : J _JL L T t T ! r H rl_ L 1 . J L | | | L 4
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99790-58 NEUBERTD

DATE: 11-06-01

SOLVENT: CDCL3 H1l Freq: 299.93 MHz. FILE: nbl11062001.101424h

S-51



Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline

index freq(ppm) freq(Hz)

1 149.494 11275.8

2 145.369 10964.7

3 138.773 10467.1

4 136.362 10285.3

5 131.219 9897.3

6 129.016 9731.2

7 127.728 9634.1

8 127.555 9621.0

MeO . 9 126.502 9541.6
i 10 125.695 9480.7

18 OMe 11 125.537 9468.8
12 125.437 9461.2

13 122.969 9275.1

14 122.031 9204.3

15 109.399 8251.5

16 7%.938 5727.7

17 75.516 5695.9

18 75.093 5664.0

19 58.766 4432.5

20 58,559 4416.8

21 54.557 4115.0

22 54.330 4097.9

88 4079.6

35 3359.1

58 3293.0

37 2989.7

95 2880.9

53 2342.2

65 2184.8

1118.3
j__ﬂq__ﬂ__A_~_—_~q~a__a_____d__A_\—ﬁJ<__%_~__A_v__*_ﬂ_ﬁv_ﬂ_‘_____A_‘,Ag,,ﬂ_gﬁ‘“_ﬂ;,_4__ﬂ.;,__>AAﬁH\_4-_4‘44_.
200 180 160 140 120 100 80 60 40 20 ppm

99790-58 NEUBERTD DATE: 09-21-01 SOLVENT: CDCL3 Cl1l3 Freqg: 75.43 MH=z. FILE: nb09212001.190229¢c

S-52



Acqguired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline

CH3 carbons ~
;2%%%%?%&%?%%‘%5%%%{%%%%;{%%%%%%%%{;%%

MeO
18
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all protonated carbons
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99790-58 NEUBERTD DATE: 09-21-01

SOLVENT: CDCL3 Cl13 Freqg: 75.43 MHz. FILE: nb09212001.195327¢



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline
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10 9 8 7 6 5 4 3 2 1 pPpm
L T J T L T ] L . ) L 1 H L T _—_4_ T :_ AL ) , ... T [ T | T 1 T ! F\J,‘L rﬂ[L _|'|IH|V
7.89 0.66 3.82 0.1327.060.12 7.69 3.65 0.14 1.13

16.01 7.86 3.870.29 0.23  3.83 11.24 4.04 0.38

99790-63 NEUBERTD DATE: 11-08-01 SOLVENT: CDCL3 Hl Freq: 299.98 MH=z. FILE: nall082001.180537h



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline
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AT P —————— " f((f{r%i%fi{g{ff{%;%

J!ﬂga4‘_,_Ah_g_v~,__;i_g_,___“;v__,‘aﬁ_g_f_.__fuqﬁg_,‘_4____v“A_,AA‘_A%H_"AA_,v__‘,aJﬁ*_A_J:A_A__‘___ﬁA_,A_“__ﬁ_kg,_ﬁ,#44ﬂm_44
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99790-63 NEUBERTD DATE: 11-08-01 SOLVENT: CDCL3 Cl3 Freq: 75.44 MHz. FILE: nall082001.185326c



Acquired on: Unity Plus-300-NA Acquired by: J. Groce / M. Kline

CH3 carbons
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CH2 carbons
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CH carbomns
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iyl Aty a4 VNN gl AR St VA ANt At b oy %ggs?;%%z%?,%; l A L L

all protonated carbons
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99790-63 NRUBERTD DATE: 11-08-01 SOLVENT: CDCL3 C1l3 Freq: 75.44 MHz, FILE: nall082001.194121c



Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline
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10 9 8 7 6 5 4 3 2 1 ppm
L r 1 T ! : ] t : 1 : e — 1 T | I L : e T ! T 1 T i L T I ' L : - —1 L 1 i T ) _lﬂ\hJ\L
8.24 0.28 4.27 -0.05 4.16 17.36 8.70 8.48 0.78 0.08
12.67 4.29 8.43 4.04 0.08 0.08 0.12 12.78 4.16 1.05
99790-97 NEUBERTD DATE: 07~12-02 SOLVENT: CDCL3 H1 Preq: 299.93 MHZz. FILE: nb07122002.112221h



99790-97 NEUBERTD INDEX FREQUENCY PPM HEIGHT
1 14571.065 145.031 13.4
Archive directory: /home/vnmrl/vamrsys/data w WMMWM.NMM wnwwww MW.M
Sample directory: auto_14Nov2001 4 13333.871 132.716 62.2
File: CARBON 5 13221.120 131.594 66.1
6 12997.919 129,373 138.8
Pulse Sequence: s2pul 7 12884.400 128.243 20.9
8 12771.649 127.120 126.8
Solvent: CDC13 9 12596.770 125.380 28.6
Temp. 25.0 C / 298.1 K 10 12521.603 124.632 67.7
INOVA-400 "chemdsc2" 11 11953.245 118.975 63.3
12 11421.704 113.684 41.0
v:mOM\Z 13 8780.107 87.391 66.2
Relax. delay 1.000 sec 14 7791.426 77.551 41.3
Pulse 47.5 degrees : o) 15 qqmw.www “M“ww “Nw
. 16 7726. . 9.
Acq. time 1.199 sec 22 17 5672.933 56.465 49.5
width 25133.5 Hz 18 5287.125 52.625 59.8
1024 repetitions OMe 19 4129.700 41.104 35.8
OBSERVE C13, 100.4688783 MHz 20 3967.093 39.486 57.2
DECOUPLE H1l, 399.5598156 MHz 21 3874.284 38.562 62.6
Power 40 dB 22 3522.992 35.066 58.7
: 23 2765.949 27.530 54.3
continucusly on 24 2414.656 24.034 58.1
WALTZ~-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 65536
Total time 37 min, 41 sec |
.LC f....% " Lﬁ» k. .LC L{Lr N
j_iJA__“ﬁlﬂ‘_gﬁA_ﬁg_‘4_~4___~‘4‘__4ﬁga___v-ﬁAHAvﬁ,_ﬁ, i ] ﬁ‘._ﬁ47,4~4,,._‘,.ﬁiJ
160 140 120 100 80 60 40 20 0 ppm

S-58



Acquired on: Unity Inova-400-ND Acquired by: vomrl

CH3 carbons
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CH carbons
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all protonated carbons
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140 120 100 80 60 40 20 0 ppm

99790-97 NEUBERTD DATE: 07-11-02 SOLVENT: cdcl3 Cl1l3 Freq: 100.48 MH=z. FILE: nd07112002.151443¢c



99790-110 NEUBERTD :
Pulse Sequence: si2pul
E. I. Dupont - Crop Protection Products
Global Technology - Lead Discovery
Acquired on: Unity Inova-400-ND
Acquired by: vamrl !
File: nd07152002,085534h A
< ~ o L
@ m |- "]
b e~ E
™~ w e m 1
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10 S 8 7 6 5 4 3 2 1 ppm
IL _.1 Il:I_L { ,JI{ k\«\u _lﬁﬂrqu L e FJ.|_.L L T )i L Aig L 1 ] T L T _wJ\L i - o] “JL, -
0.03 4.15 -0.014.19 2.42 10.1612.64 4.21 4.72 4.33 0.28 0.22
4.10 4.05 1.57 2.61 8.50 3.94 8.43 13.25 0.33 0.28



99790-110 NEUBERTD

Archive directory: /home/vamrl/vnmrsys/data
Sample directory: auto_l1l4Nov2001

File: CARBON

Pulse Sequence: s2pul

0]
Solvent: CDC13 %.\Z
Temp. 25.0 C / 298.1 K m.no
INOVA-400 "chemdsc2" O

23

Relax. delay 1.000 sec

Pulse 47.5 degrees

Acqg. time 1,199 sec

Width 25133.5 Hz

4197 repetitions
OBSERVE C13, 100.4689014 MHz
DECOUPLE HI1, 399.5598156 MHz
Power 40 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 5 hr, 1 min, 29 sec

OMe

. o N~ res ‘ NI o f{r: . i NUURIIN, ST N0 4 L,%(‘f«c:ﬁﬁ OV SO
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,,__4*ﬁaa_ﬁ,ﬁAﬁ.—ﬁ,*_ﬂvﬂ_g__A_,,_,7_ﬁ«__ﬁ_,_~4*1.m‘ﬂgl‘,m_‘AWam_ﬂ,,_a_ﬂv_,."*_w_v__“A,4__ﬁ.,_ﬁ_4,~mga‘_ﬁ*___,,a.,A_W_ﬁ,ﬁ;ﬁ,AWJ!ﬂJlﬁﬁA‘

220 200 180 160 140 120 100 80 60 40 20 0 ppm

S-61



Acquired on: Unity Inova-400-ND Acquired by: vnmrl

CH3 carbons
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all protonated carbons
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99790-110 NEUBERTD DATE: 07-15-02 SOLVENT: cdcl3 C13 Freg: 100.48 MHz. FILE: nd07152002.143135¢



NEUBERTD

99790-111
Pulse Sequence: s2pul
E. I. Dupont - Crop Protection Products L
Global Technology - Lead Discovery 1
Acquired on: Unity Inova-400-ND
Acquired by: vomrl
File: nd07162002.090624h
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10 9 8 7 5 4 3 2 1 ppm
J VIJTL rﬂL _JLI:, I:L L : ' ; i . I T 3 | i : 1 . - | . — NJLJL
0.04 0.15 4.03 0.10 4.01 24.98 12.67 4.16 9.40 0.44 0.51
0.03 3.98 0.03 4.12 8.20 0.26 4.29 17.82 0.69

0.08



99790-111 NEUBERTD

Archive directory: /home/vnmrl/vnmrsys/data
Sample directory: auto_l4Nov2001
File: CARBON

Pulse Segquence: s2pul

Solvent: CDC1l3

Temp. 25.0 C / 298.1 K o) o)
INOVA-400 "chemdsc2“ W\Z

EtO
Relax. delay 1.000 sec e}
Pulse 47.5 degrees
Acq. time 1.199 sec 24
Width 25133.5 Hz OMe

3330 repetitions
OBSERVE Cl13, 100.4688961 MHz
DECOUPLE H1, 399.5598156 MHz
Power 40 dB

continucusly on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 5 hr, 1 min, 29 sec

S-64

4,<4ﬁ_ﬁ~,,_a_iﬁﬂﬁr,}ﬁaJ_dﬁv_ﬂ_,
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Acquired on: Unity Inova-400-ND

CH3 carbons

Acquired by: vnmrl

CH2 carbons

CH carbons

all protonated carbons
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99790-111 NEUBERTD
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120 100 80 60 40 20 ppm
SOLVENT: cdcl3 Cl3 Freg: 100.48 MHz. FILE: nd07162002.142405¢c

DATE: 07-16-02



Acquired on: Unity Plus-~-300-NB Acquired by: J. Groce / M. Kline
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L T 1 , 4L L ; 1} L | 1 T i T L T L T J ! : T L I 1 ; L . ! _[ﬂlp?\all_
6.88 6.90 2,22 21.07 3.14 11.45 7.00 0.16 2.12

10.42 0.06 4.85 -0.11 3.30 7.01 13.45 0.08

99790-109 NEUBERTD DATE: 07-12-02 SOLVENT: CDCL3 Hl Freg: 299.93 MHz. FILE: nb07122002.112817h



99790-109 NEUBERTD

Archive directory: /home/vamrl/vmmrsys/data
Sample directory: auto_14Nov2001
File: CARBON

Pulse Sequence: sapul

Solvent: CDC13
Temp. 25.0 C / 298.1 K
INOVA-400 "chemdsc2"

Relax. delay 1.000 sec

Pulse 47.5 degrees

Acqg. time 1.199 sec

width 25133.5 Hz

10240 repetitions
OBSERVE C13, 100.4688945 MHz
DECOUPLE H1, 399.5598156 MHz
Power 40 4B

continuously on

WALTZ~-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 6 hr, 16 min, 51 sec
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Acquired on: Unity Inova-400-ND Acquired by: vomrl
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99790-109 NEUBERTD DATE: 07-12-02 SOLVENT: cdcl3 Cl1l3 Freq: 100.48 MH=z. FILE: nd07122002.033638c



Acquired on: Unity Plus-300-NB

Acquired by: J. Groce / M. Kline
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0.27 3.05 ~0.04 27.94 0.07 2.96 0.21 0.28
8.07 3.07 8.13 0.04 15.55 15.06 13.16 2.19
99790-115 NEUBERTD DATE: 07-18-02 SOLVENT: CDCL3 Hl1 Freq: 299.93 Miz. FILE: nb07182002.135449%h




99790-115 neubertd

Archive directory: /home/vamrl/vnmrsys/data
Sample directory: auto_l4Nov2001
File: CARBON

Pulse Sequence: s2pul

Solvent: CDCl3
Temp. 25.0 C / 298.1 K

INOVA-400 "chemdsc2" OH
o N

Relax. delay 1.000 sec W\ )(

Pulse 47.5 degrees EtO

Acqg. time 1,199 sec O

width 25133.5 Hz

25792 repetitions 26

OBSERVE C13, 100.4688691 MHz OMe

DECOUPLE H1l, 399.5598156 MHz
Power 40 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 18 hr, 24 min, 6 sec

S-70




Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline
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Acquired on: Unity Plus-300-NB Acquired by: J. Groce / M. Kline
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Crystal structure for i.
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Table 1. Crystal data and structure refinement for i.
Identification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.99°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

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

Absolute structure parameter
Largest diff. peak and hole

l

C26 H34 BrNO5 S
552.51

2192 K

0.71073 A
Monoclinic

P2(1)

a=17.6075(5) A

b =12.7948(9) A
c=13.7654(9) A
1295.02(15) A3

2

1.417 Mg/m?

1.704 mm'!

576

0.40 x 0.20 x 0.10 mm?
2.80 to 25.99°.
-O9<=h<=8, -15<=k<=15, -16<=l<=15
8253

4955 [R(int) = 0.0203]

98.9 %

o= 90°,
B= 104.8680(10)°.
y=90°.

None

0.8481 and 0.5489

Full-matrix least-squares on F?
4955/1 /307

1.062

R1=0.0378, wR2 = 0.0898
R1=0.0431, wR2 = 0.0917
0.033(8)

0.439 and -0.385 e.A3
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Table 2. Atomic coordinates (x 10*) and equivalent isotropic displacement parameters (A2x 103)

for tab22. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z Uleq)
Br(1) 7582(1) 1970(1) 3369(1) 59(1)
S(1) 6072(1) 6186(1) 787(1) 34(1)
(0]¢)) 419(3) 8482(2) 4241(2) 40(1)
oQ) 1621(4) 10409(2) 4768(2) 49(1)
0@3) 5873(3) 59202) -246(2) 45(1)
04) 7431(3) 6917(2) 1277(2) 45(1)
0(5) 1001(4) 6383(3) -817(2) 71(1)
N(1) 4135(3) 6604(2) 866(2) 33(1)
C(1) 3848(3) 7091(3) 1781(2) 32(1)
CQ2) 3936(4) 8269(3) 1714(3) 37(1)
C(3) 3462(4) 8812(3) 2580(2) 33(1)
C(4) 4095(4) 9805(3) 2863(3) 36(1)
C(5) 3562(4) 10364(3) 3595(3) 40(1)
C(6) 2310(4) 9924(3) 4057(3) 37(1)
/) 1672(4) 8918(3) 3788(2) 34(1)
C(@8) 2248(4) 8344(3) 3074(3) 32(1)
C9) 1564(4) 7246(3) 2836(2) 32(1)
C(10) 2261(4) 6456(3) 3661(3) 36(1)
C(11) 2517(4) 5524(3) 3295(3) 36(1)
C(12) 2062(4) 5554(3) 2174(3) 35(1)
C(13) 1994(3) 6724(2) 1913(2) 32(1)
C(14) 3133(6) 4547(3) 3870(3) 52(1)
C(15) -1397(5) 8853(3) 3832(3) 54(1)
C(16) 2228(6) 11436(3) 5042(3) 57(1)
can 5861(4) 4083(3) 1055(3) 39(1)
Cc@18) 6182(4) 3159(3) 1616(3) 41(1)
C(19) 7118(4) 3223(3) 2607(3) 38(1)
C(20) 7760(4) 4149(3) 3060(3) 39(1)
C@21) 7467(4) 5054(3) 2500(3) 36(1)
C(22) 6512(4) 5023(3) 1498(2) 32(1)
C(23) -1290(13) 7593(7) -1648(11) 194(6)
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C(24) -381(7) 7164(10) -956(6) 175(6)
C(25) 427(19) 5401(8) -1142(8) 216(7)
C(26) 1264(9) 4583(6) -892(7) 140(3)

Table 3. Bond lengths [A] and angles [°] for tab22.

Br(1)-C(19) 1.899(3)
S(1)-0(4) 1.429(3)
S(1)-0(3) 1.432(2)
S(1)-N(1) 1.598(2)
S(1)-C(22) 1.764(4)
o()-C(7) 1.384(4)
O(1)-C(15) 1.432(4)
0(2)-C(6) 1.372(4)
0(2)-C(16) 1.412(5)
0(5)-C(25) 1.367(9)
0(5)-C(24) 1.428(9)
N(1)-C(1) 1.471(4)
C(1)-C(2) 1.513(5)
C(1)-C(13) 1.540(3)
C(2)-C(3) 1.501(5)
C(3)-C4) 1.378(5)
C(3)-C(8) 1.4144)
C4)-C(5) 1.380(5)
C(5)-C(6) 1.393(5)
C(6)-C(7) 1.391(5)
C(7)-C(@8) 1.385(5)
C(8)-C(9) 1.504(5)
C(9)-C(10) 1.512(5)
C(9)-C(13) 1.542(4)
C(10)-C(11) 1.328(5)
C(11)-C(14) 1.490(6)
C(11)-C(12) 1.493(5)
C(12)-C(13) 1.537(5)
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C(17)-C(22)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C21)-C(22)
C(23)-C(24)
C(25)-C(26)

O4)-S(1)-0(3)
O4)-8(1)-N(1)
O(3)-S(1)-N(1)
0(4)-S(1)-C(22)
0(3)-S(1)-C(22)
N(1)-S(1)-C(22)
C(7)-0(1)-C(15)
C(6)-0(2)-C(16)

C(25)-0(5)-C(24)

C(1)-N(1)-S(D)
N(1)-C(1)-C2)
N(1)-C(1)-C(13)
C(2)-C(1)-C(13)
C(3)-C2)-C(1)
C(4)-C(3)-C(®)
C(4)-C3)-C(2)
C®-C3)-C2)
C3)-CA-C5)
C@)-C(5)-C(6)
0(2)-C(6)-C(D
O2)-C(6)-C(5)
C(N)-C(6)-C(5)
O()-C(7)-C(8)
O(1)-C(7)-C(6)
C(8)-C(7)-C(6)
C(N-C(8)-C(3)
C(71)-C(8)-C(9)

1.383(5)
1.399(5)
1.370(5)
1.368(5)
1.378(5)
1.385(5)
1.162(12)
1.228(11)

120.20(14)
108.46(15)
106.44(14)
106.20(16)
107.91(15)
106.98(13)
113.32)
116.9(3)
115.9(8)
122.88(19)
110.5(3)
108.3(2)
111.5(2)
112.9(3)
118.6(3)
120.93)
120.4(3)
122.5(3)
119.2(3)
116.0(3)
125.03)
119.0(3)
119.1(3)
119.1(3)
121.9(3)
118.8(3)
119.7(3)
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C(3)-C(8)-C(9) 121.5(3)

C(8)-C(9)-C(10) 115.2(3)
C(8)-C(9)-C(13) 116.7(2)
C(10)-C(9)-C(13) 102.8(3)
C(11)-C(10)-C(9) 111.9(3)
C(10)-C(11)-C(14) 127.5(3)
C(10)-C(11)-C(12) 110.6(3)
C(14)-C(11)-C(12) 121.93)
C(11)-C(12)-C(13) 104.6(3)
C(12)-C(13)-C(1) 110.3(3)
C(12)-C(13)-C(9) 103.4(2)
C(1)-C(13)-C(9) 111.02)
C(22)-C(17)-C(18) 120.0(3)
C(19)-C(18)-C(17) 118.1(3)
C(20)-C(19)-C(18) 122.6(3)
C(20)-C(19)-Br(1) 119.0(3)
C(18)-C(19)-Br(1) 118.3(3)
C(19)-C(20)-C(21) 119.03)
C(20)-C(21)-C(22) 120.1(3)
C(17)-C(22)-C(21) 120.1(3)
C(17)-C(22)-S(1) 119.6(3)
C21)-C(22)-S(1) 120.3(3)
C(23)-C(24)-0(5) 134.7(10)
C(26)-C(25)-0(5) 126.3(9)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103) for tab22. The anisotropic

displacement factor exponent takes the form: -22[ h? a*2U!! 4 ... + 2 hk a* b* Ul2]

yi U2 U3 U3 U3 U2
Br(1) 76(1) 46(1) 53(1) 12(1) 11(1) -7(1)
S(1) 30(1) 39(1) 35(1) 2(1) 13(1) 1(1)
o) 50(1) 35(1) 39(1) 7(1) 21(1) 6(1)
0@2) 76(2) 33(1) 40(1) -1I(1) 21(1) 5(1)
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0@3)
0@4)
0()
N(1)
C)
CQ)
C@3)
C4)
C(5)
C(6)
C)
C(8)
C©)
C(10)
c(11)
C(12)
C@13)
C(14)
C(15)
C(16)
Cc(17)
c(18)
C(19)
C(20)
C@21)
C(22)
C(23)
C(24)
C(25)
C(26)

48(1)
35(1)
63(2)
26(1)
32(1)
37(1)
29(1)
35(2)
46(2)
45(2)
36(1)
31(1)
30(1)
35(1)
36(2)
38(2)
26(1)
65(2)
47(2)
79(2)
36(2)
42(2)
40(2)
39(2)
34(1)
26(1)
129(6)
45(3)

297(14)

111(4)

58(2)
44(1)
52(2)
44(2)
38(2)
41(2)
37(2)
36(2)
33(2)
31(2)
34(2)
34(2)
38(2)
40(2)
34(2)
32(2)
40(2)
43(2)
51(2)
42(2)
48(2)
39(2)
32(2)
44(2)
37(2)
38(2)
112(7)
323(15)
80(6)
74(5)

36(1)
56(1)
77(2)
27(1)
26(1)
37Q2)
33(2)
40(2)
39(2)
33(2)
32(2)
29(2)
30(2)
33(2)
38(2)
37(2)
29(2)
51(2)
75(3)
49(2)
31(2)
41(2)
41(2)
33(2)
35(2)
34(2)
380(19)
159(6)
184(10)
178(8)

6(1)
6(2)
-14(2)
-6(1)
-1(2)
2(2)
1(1)
3(2)
-2(2)
4Q2)
(D)
12)
-1(1)
22)
1(2)
-5(2)
-5(1)
8(2)
16(2)
-9(2)
-92)
-8(2)
4(2)
12)
-6(2)
2Q2)
101(9)
155(9)
-15(6)
-39(5)

21(1)
11(1)
-21(1)
4
8(1)
12(1)
5(1)
11(1)
6(2)
6(2)
5(1)
3(1)
91
10(1)
112)
13(1)
7(1)
20(2)
34(2)
16(2)
4(1)
8(2)
112)
4(1)
(1)
13(1)

135(10)

30(3)

-97(10)
-67(5)

(1)
-6(1)
5(2)
1(1)
2(1)
-5(2)
2(1)
-3(1)
-4(2)
12(2)
6(1)
6(1)
0(1)
-7(1)
-3(1)
-6(1)
-3(1)
4@2)
13(2)
4Q2)
0(2)
-3(2)
02)
-3(2)
-4(1)
31
41(5)
46(5)
-57(9)
29(4)
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Table 5. Hydrogen coordinates ( x 10*) and isotropic displacement parameters (A2x 10 3)

for tab22.

X y z Uleq)
H(1B) 3210 6542 345 40
H(1A) 4815 6851 2366 38
H(2A) 5168 8473 1694 45
H(2B) 3097 8500 1086 45
H(4B) 4921 10112 2544 44
H(5A) 4038 11034 3781 48
H(9A) 224 7267 2711 39
H(10A) 2487 6606 4350 43
H(12A) 884 5221 1883 42
H(12B) 2997 5197 1922 42
H(13A) 1016 6868 1298 38
H(14A) 3334 4684 4584 78
H(14B) 4258 4310 3735 78
H(14C) 2209 4012 3667 78
H(15A) 2209 8520 4179 82
H(15B) -1780 8685 3122 82
H(15C) -1431 9604 3920 82
H(16A) 1644 11699 5542 85
H(16B) 1922 11883 4453 85
H(16C) 3537 11433 5318 85
H(17A) 5202 4064 376 47
H(18A) 5769 2512 1321 49
H(20A) 8392 4166 3743 47
H(21A) 7917 5694 2798 43
H(23A) -1976 8140 -1422 291
H(23B) 2124 7098 -2060 291
H(23C) -530 7900 -2040 291
H(24A) -1260 6867 622 210
H(24B) 211 7736 -519 210
H(25A) -748 5309 -984 259
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H(25B)
H(26A)
H(26B)
H(26C)

165
472
1677
2305

5426
3994
4551
4558

-1877
-1136

-165
-1176

259
210
210
210

S-85



