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Supplementary Material:
Total Synthesis of (-)-Laulimalide
Arun K. Ghosh,* Yong Wang

Department of Chemistry, University of Illinois at Chicago,

845 West Taylor Street,Chicago, Illinois 60607

All the moisture sensitive reactions were carried out under nitorgen atmosphere.
Anhydrous solvents were obtained as follows: THF, distilled from sodium and
benzophenone; dichloromethane, distillation from P,Os; pyridine, toiuene and
benzene, distillation ffom CaH,. All other solvents were HPLC grade. Column
chromatography was performed with Whatman 240-400 mesh silica gel under
low préssure of 5-10 psi. Thin-layer chromatography (TLC) was carried oﬁt
with E. Merck silica gel 60-F-254 plates. 'H and ’C NMR spectra were recorded

on Bruker AM 400, Avance 400 and Avance 500 spectrometers.

TBS ether 6. To a solution of lactone 5 (146 mg, 0.561 mmol) in CH,Cl, (3
mL) at -78 °C was added DIBAL (1.0 M _in hexane; 0.67 mL, 0.67 mmol). The

mixture was stirred at -78 °C for 30 min and then quenched with 10% Roche’s
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salt solution. The resulting mixture was warmed to 23 °C and stirred for 1 h. The
layers were separated. The aqueous layer was extracted with CH,Cl,. The
combined organic layers were washed with brine, dried over anhydrous Na,SO,
and concentrated. The residue was dissolved in EtOH (3 mL). CSA (6 mg) was
added. The resulting mixture was stirred at 23 °C for 30 min. The mixture was
quenched with Et;N (2 drops) and concentrated. The residue was purified by
silica gel chromatography (5% EtOAc/hexane) to afford the ethyl acetal (a
colorless oil, 134 mg, 82%) as a colorless oil. [a],>-23 (¢ 1.12, CHCL); IR(thin
film): 2954, 2925, 1453, 1272, 1103 cm™. IH-NMR (500 MHz, CDCl,) & 7.40-
7.12 (m, 5H), 6.00 (m, 1H), 5.73 (m, 1H), 4.96 (s, 1H), 4.51 (s, 2H), 4.03 (m,
1H), 3.83 (m, 1H), 3.50 (m, 1H), 3.37 (dd, J= 8.9, 5.8 Hz, 1H), 3.27 (dd, J =
9.0, 6.8 Hz, 1H), 72.13 (m, 1H), 1.97-1.93 (m, 2H), 1.72-1.64 (m, 2H), 1.23 (at, J
= 7.1, 1.6 Hz, 3H), .0.99 (d, J = 6.7 Hz, 3H); "C-NMR (125 MHz, CDCl,) &
138.6, 129.1, 128.2, 127.5,'127.3, 125.5, 94.4, 76.1, 72.9, 63.7, 63.0, 39.4, 31.3,
29.7, 16.5, 15.2. MS(ESI): 313 (M*+ Na), 181.

To a mixture of the above ethyl acetal (7.58 g, 26.1 mmol) and vinyloxy-
tert-butyldimethylsilane (6.33 g, 39.2 mmol) in CH,Cl, (50 mL) was added
Montmorillonite K-10 (7.6 g) with ice cooling. After stirring at 23 °C for 30
min, the mixture was filtered through Celite and concentrated. The residue was
dissolved in MeOH (50 mL). NaBH, (1.5 g, 39.7 mmol) was slowly added at O
°C. After stirring for 30 min at 0 °C, the mixture was quenched by saturated

aqueous NH,Cl. The mixture was extracted with 30% EtOAc/hexane. The
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combined orgahic layers were washed with brine, dried over anhydrous Na,SO,,
and concentrated. The residue was purified by silica gel chromatography (20%
EtOAc/hexane) to afford the alcohol (a colorless oil, 4.11 g, 54%) as a single
isomer. IR(thin film): 3417, 2928, 2872, 1092, 1071 cm™. '"H-NMR (500 MHz,
CDCl,) & 7.36—7.29 (m, SH), 5.84 (m, 1H), 5.67 (dd, J = 10.3, 1.7 Hz, 1H), 4.53
(s, 2H), 4.40 (brd, J = 8.3 Hz, 1H), 3.99-3.78 (m, 3H), 3.36 (dd, J= 9.1, 6.2 Hz,
1H), 3.27 (dd, J = 9.1,‘6.4 Hz, 1H), 2.70 (brs, 1H), 2.12-2.05 (m, 2H), 1.96-1.86
(m, 2H), 1.79 (m, 1H), 1.68 (m, 1H), 1.23 (m, 1H), 0.99 (d, J = 6.7 Hz, 3H); "C-
NMR (125 MHz, CDCl,) 6 139.1, 129.7, 128.7, 128.0, 127.8, 124.6, 76.6, 73 .4,
71.3, 66.0, 61.2, 39.5, 36.3, 31.3, 30.2, 1‘7.4. MS(ESI): 290 (M*+ H), 181.

To a solution of the above alcohol (5.05 g, 17.4 mmol) in DMF (20 mL)
was added imidazole (1.78 g, 26.2 mmol) followed by TBSCI (3.15 g, 20.9
mmol). The resulting suspénsion was stirred at 23 °C for 3 h. 20% EtOAc/hexane
and water were added. The layers were separated and the aqueous layer was
extracted with 20% EtOAc/hexane. The combined 6fganic layers were washed
with brine, dried over anhydrous Na,SO, and concentrated. The residue was
purified by silica gel chromatography (2% EtOAc/heXane) to afford the TBS
ether 6 as a cqlorless oil (5.29 g, 75%). IR(thin film): 2929, 2856, 1471, 1361,
1254, 1097 cm™'; 'H-NMR (500 MHz, CDCl,) 6 7.37-7.29 '(m, 5H),‘5.83 (m, 1H),
5.73 (dd, J= 10.3, 1.6 Hz 1H), 4.54 (s, 2H), 4.36 (m, 1H), 3.83-3.73 (fn, 3H),
341 (dd, J=9.1,5.7 Hz, 1H), 3.31 (dd, / = 9.1, 6.7 Hz IH)-,V 2.13 (m, 1H), 2.02-

1.97 (m, 2H), 1.86 (m, 1H), 1.75-1.68 (m, 2H), 1.26 (m, 1H), 1.01 d, J = 6.7
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Hz, 3H), 0.93 (s, 9H), 0.10 (s, 6H); "C-NMR (125 MHz, CDCl,) § 139.4, 130.4,
128.7,’127.9, 127.8, 124.4, 76.7, 73.2, 69.8, 65.3, 60.3, 40.0, 37.3, 31.9, 30.1,

26.4, 18.8, 17.3, -4.9. MS(ESD): 405 (M*+ H), 299, 181.

Iodide 7. To a stirred solution of lithium (225 mg, 32.1 mmol) in liquid
ammonia (50 mL) was added a solution of TBS ether 6 in THF (5 mL). The
resulting mixture was stirred for 10 min. Solid NH,Cl was added until the blue
color disappeared. The mixture was warmed to 23°C. Water and CH,Cl, was
added. The layers were separated and the aqueoﬁs layer was extracted with
CH,Cl,. The combined organic layers were dried over anhydrous Na,SO, and
concentrated. The residue was purified by sﬂica gel chromatography (15%
EtOAc/hexane) to afford the alcohol as a colorless oil (3.86 g, 95%). IR(thin
film): 3419, 2929, 2858, 1471, 1255, 1096 cm™; '"H-NMR (400 MHz, CDCL, ) §
5.81 (brd, J = 10.2 Hz, 1H), 5.72 (brd, J = 10.2 Hz, 1H), 4.38 (brs, 1H), 3.78-
3.72 (m, 3H), 3.52 (m, 1H), 3.44 (m, 1H), 2.50 (brs, 1H), 1.99-1.97 (m, 2H),
1.90-1.85 (m, 2H), 1.71 (m, 1H), 1.64 (m, 1H), 1.34 (m, 1H),. 1.20 (ni, 1H), 0.95
(d, J= 6.7 Hz, 3H), 0.93 (s, 9H), 0.07 (s, 6H); "C-NMR (125 MHz, CDClL,) 6
129.9, 124.3, 70.3, 68.9, 66.6, 60.0, 40.5, 37.4, 33.8, 32.0, 26.3, 18.7, 17.9, -
5.0. MS(ESI): 515 (M* + H), 297, 181.

To a suspension of the above alcohol (3.86 g, 12.3 mmol), PPh, (6.475 g,
24.6 mmol) and imidazole (2.51 g, 36.9 mmol) in 2:1 Et,O- CH3CN (30 mL) at 0

°C was slowly added I, (6.22g, 24.5 mmol). After 30 min, 10% Na,S,0, and
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EtOAc was added. The layers were separated and the aqueous layer was extracted
With EtOAc. The combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated. The residue was purified by silica gel
chromatography (5% EtOAc/hexane) to afford the iodide 7 as a colorless oil
(5.03 g, 96%). IR(thin film): 2927, 2856, 1254, 1095 cm™. '"H-NMR (400 MHz,
CDCl,) 6 5.83 (m, 1H), 5.72 (dd, ‘J= 10.1, 1.7 Hz, 1H), 4.36 (brd, J = 7.0 Hz,
1H), 3.79-3.73 (m, 3H)., 3.32 (dd, J=9.5, 4.6 Hz, 1H), 3.31 (dd, J = 9.‘5, 6.1 Hz,
1H), 1.99-1.96 (m, 2H), 1.84-1.81 (m, 2H), 1.70-1.66 (m, 2H), 1.29 (m, 1H),
1.02 (d, J = 6.7 Hz, 3H), 0.91 (s, 9H), 0.09 (s, 6H); “C-NMR (125 MHz, CDCl,)
0 130.3, 124.2, 69.7, 65.5, 60.2, 42.9, 37.3, 31.4, 30.9, 26.4, 20.5, 18.8, 18.3, -

4.9. MS(ESI): 447 (M" + Na), 332, 301.

Lactone 9. To a suspension of NaH (585 mg, 60% dispersion in mineral oil,
14.6 mmol) in DMF (40 mL) at 0 °C was added a solution of lactone 8 (5.24 g,
13.9 mmol) in DMF (5 mL). After 15 min, a solution of iodide 7 (5.03 g, 11.8
mmol) in DMF (5 mL) was added dropwise. The mixture was warmed to 23 °C
and heated at 60 °C for 12 h. The mixture was then cooled to 23 °C. 25%
EtOAc/hexane and water was added. The layers were separated and the aqueous
layer was extracted with 25% EtOAc/hexane. The combined organic layers were
dried over anhydrous Na,SO, and concentrated. The residue was purified by
silica gel chromatography (10% EtOAc/hexane) to afford the lactone 9 (a

colorless oil, 7.04 g, 89%) as a mixture of isomers (4.2 : 1, by 500 MHz 'H
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NMR). Major isomer: IR(thin film): 2928, 1769, 1513, 1309 cm™; 'H-NMR (500
MHz, CDCl;) 7.93 (d, J=7.4 Hz, 2H), 7.71 (t, J= 7.4 Hz, 1H), 7.58 (t, J= 8.2
Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 5.77-5.71 (m, 1H),
5.66 (d, J= 10.1 Hz, 1H), 4.84 (m, 1H), 4.49 (dd, J = 24.3, 11.5 Hz, 2H), 4.28
(brs, 1H), 3.83 (s, 3H), 3.73-3.54 (m, 5H), 2.94 (dd, /= 15.1, 7.2 Hz, 1H), 2.68
(dd, J=15.1, 8.4 Hz, 1H), 2.12-2.04 (m, 2H), 1.90-1.76 (m, 4H), 1.70-1.62 (m,
2H), 1.27 (m, 1H), 0.91 (s, 9H), 0.87 (d, J = 6.5 Hz, 3H), 0.07 (s, 6H); “C-NMR
(125 MHz, CDCl,) & 159.8, 135.0, 134.6, 131.9, 131.4, 130.1, 130.1, 129.2,
129.1, 124.4, 114.3, 76.4, 73.3, 72.4, 71.3, 69.9, 64.4, 60.2, 55.8, 41.6, 40.0,
37.2, 31.8, 28.6, 26.4, 26.0, 23.1, 21.2, 18.8, 14.5, -4.9.

Alcohol 11. To a solution of lactone 9 (6.51 g, 9.68 mmol) in THF (50 mL) at
0 °C was added Red-Al (3.9 mL, 19.4 mmol; 65% w/w) dropwise. After 10 min,
the reaction was quenched with 10% Roche’s salt solution. The mixture was
stirred at 23 °C for 2 h and then was extracted with EtOAc. The combined
organic layers were washed with brine, dried over anhydrous Na,SO,, and
concentrated to give the crude diol 10 which was used for the next reaction
without further purification. |

To a solution of the above diol 10 in CH,Cl, (50 mL) was added
sequentially Et;N (5.4 mL, 38.7 mmol), DMAP (237 mg, 1.94 mmol) and
benzoyl chloride (3.4 mL, 29 mmol). After stirring at 23 °C for 12 h, the

mixture was washed with saturated aqueous NaHCO,, 1 M NaHSO,, brine, dried
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over anhydrous Na,SO, and concentrated. The crude dibenzoate was used for the
next reaction immediately.

To a solution of the above dibenzoate in MeOH (50 mL) at -20 °C was
added Na,HPO, (8.2 g, 58 mmol) followed by sodium amalgam (6% w/w, 37.1
g). The suspension was stirred vigorously for 2 h and then was allowed to warm
to 23 °C and stirred for 1 h. After this period, The mixture was quenched with
saturated aqueous NH,Cl. The mixture was decanted. Water and 25%
EtOAc/hexane were added‘ and the layers were separated. The aqueous layer was
extracted with 25% EtOAc/hexane. The combined organic layers were dried over
anhydrous Na,SO, and evaporated. The residue was chromatographed over silica
gel (10% EtOAc/hexane) to furnish the alcohol 11 as a colorless oil (3.61 g,
72%). [a]p-27 (c O‘.33, CHCl,); IR(thin film): 3498, 2927, 2856, 1514, 1250 cm
'; 'H-NMR (400 MHz, CDCl,) § 7.29 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz,
2H), 5.82 (m, 1H), 5.67 (dd, J= 10.3, 1.6 Hz, lvH), 4.90 (s, 1H), 4.86 (s, 1H),
4.52 (s, 2H), 4.35 (m, 1H), 3.96 (m, 1H), 3.83 (s, 3H), 3.79-3.72 (m, 3H), 3.50
(dd, J=7.6,3.4 Hz, 1H), 3.38 (dd, J = 7.6, 7.2 Hz; 1H), 2.40 (brs, 1H), 2.18 (d, J
= 6.7 Hz, 2H), 2.05 (dd, J = 13.3, 5.6 Hz, 1H), 1.95-1.83 (m, SH), 1.72-1.60 (m,
2H), 1.16 (m, 1H), 0.91 (s, 9H), 0.88 (d, J = 6.4 Hz, 3H), 0.05 (s, 6H); *C-NMR
(100 MHz, CDClL;) & 159.7, 144.7, 130.5, 130.4, 129.8, 124.5, 115.0, 114.2,
74.4,73.5, 69.9, 68.6, 65.1, 60.3, 55.7, 45.0, 43.4, 40.3, 37.2, 32.0, 27.1, 26.4, -
4.9. MS(ESI): 519 (M* + H), 483, 399.
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Aldehyde 2. To a stirred solution of the alcohol 11 (3.64 g, 7.02 mmol) in
CH,Cl, (10 mL) was added iPr,NEt (7.5 mL, 42.1 mmol) followed by MOMCI
(2.7 mL, 35.1 mmol). After stirring at 23 °C for 3 h, The mixture was washed
with 1 M NaHSO,, brine, dried over anhydrous Na,SO, and evaporated. The
residue was dissolved in CH,Cl, (10 mL). pH 7 buffer (0.5 mL) and DDQ (1.9 g,
8.42 mmol) was sequentially added. The green suspension was stirred at 23 °C
for 2 h. The resulting orange suspension was then washed with saturated aqueous
NaHCQO,. The aqueous layer was extracted with CH,Cl,. The combined organic
layer was dried over anhydrous Na,SO, and concentrated. The residue was
chromatographed over silica gel (15% EtOAc/hexane) to give the alcohol as a
colorless oil (2.5 g, 81%). [a],-18 (c 0.38, CHCL,); IR(thin film): 3458, 2952,
2928, 2857, 1462, i251 cm”; 'H-NMR (400 MHz, CDCl,) § 5.78 (m, 1H), 5.67
(d, J=10.4 Hz, 1H), 4.83 (s, 1H), 4.81 (s, 1H), 4.69 (dd, J = 12.8, 5.9 Hz, 2H),
4.30 (d, J = 7.6 Hz, 1H), 3.75-3.58 (m, SH), 3.47 (m, 1H), 3.40 (s, 3H), 3.07 (dd,
J=28.6,4.1Hz, 1H), 2.26 (dd, J = 14.4, 7.0 Hz, 1H), 2.13 (dd, J = 14.4, 6.4 Hz,
1H), 2.02-1.78 (m, 6H), 1.69-1.55 (m, 2H), 1.09 (m, 1H), 0.95 (s, 9H), 0.86 (d,
J = 6.3 Hz, 3H), 0.04 (s, 6H); "C-NMR (100 MHz, CDCL,) & 144.0, 129.8, 124.0,
113.5, 96.6, 79.8, 69.4, 65.2, 64.4, 59.8, 55.5, 44.8, 42.6, 37.8, 36.7, 31.5, 26.6,
25.9, 19.1, 18.2, -5.4. MS(ESD): 443 1(M+ + H), 363, 279.

To a stirred solution of DMSO (0.98 mL, 13.8 mmol) in CH,CL, (20 mL)
at -78 °C was added oxalyl chloride (0.72 mL, 8.27 mmol) dropwise. After 2

minutes, the above alcohol (2.38 g, 5.51 mmol) in CH,CL, (5 mL) was added
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dropwise. The mixture was stirred at -78 °C for 30 min. After this period,
iPr,NEt (4.9 mL, 27.6 mmol) was added dropwise. The resulting mixture was
stirred at -78 °C for an.additional 2 min and warmed to 23 °C. The mixture was
washed with cold 1 M aqueous NaHSO,, brine, dried over anhydrous Na,SO, and
evapqrated. The residue was chromatographed over silica gel (10%
EtOAc/hexane) to afford aldehyde 2 as a colorless oil (2.02 g, 85%) which was
used for next reaction immediately. IH-NMR‘ (400 MHz, CDCl,) 6 9.63 d, J =
1.2 Hz, 1H), 5.78 (m, 1H), 5.69 (d, J = 10.6 Hz, 1H), 4.91 (s, 1H), 4.88 (s, 1H),
4.69 (dd, J = 12.8, 7.0 Hz, 2H), 4.31 (brd, J = 7.6 Hz, 1H), 4.06 (m, 1H), 3.75-
3.58 (m, 3H), 3.38 (s, 3H), 2.41-2.30 (m, 2H), 2.02-1.81 (m, 6H), 1.69-1.55 (m,

2H), 1.09 (m, 1H), 0.88 (s, 9H), 0.86 (d, J = 6.3 Hz, 3H), 0.05 (s, 6H).

Alcohol 15. To a solution of dibromide 12 (225 mg, 0.80 mmol) in THF (2
mL) at -78 °C was added nBuLi (1 mL, 1.6 mmol; 1.6 M in hexane). The
resulting dark red solution was stirred at -78 °C for 1 h, then warmed to 23 °C
for 1 h. The mixture was cooled to -78 °C, then a solution of aldehyde 13 (108
mg, 0.31 mmol) in THF (2 mL) was added dropwise. The mixture was stirred at
-78 °C for 1 h and then was quenched by saturated aqueous NH,CI. The mixture
was extracted with EtOAc. The organic layers were washed with brine, dried
over anhydrous Na,SO, and concentrated. The residue was chromatographed over

silica gel (30% EtOAc/hexane) to furnish the alkynyl alcohol (a colorless oil,
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92.3 mg, 64%) as a mixture of isomers (anti : syn = 1.8 : 1, by 400 MHz 'H-
NMR).

To a solution of the above alcohol (786 mg, 1.67 mmol) in wet CH,Cl, (6
mL) was added Dess-Martin periodiane (1 g, 2.36 mmol). Aftér 10 min, The
mixture was diluted with ether and washed with a mixture (1:1) of 10% aqueous
Na,5,0; and saturated aqueous NaHCO;, (15 mL), followed by brine. The aqueous
layer was extracted with ether. The combined organic layers were dried over
anhydrous Na,SO, and concentrated. Silica gel chromatography (20%
EtOAc/hexane) provided the ketone as a pale yellow oil (632 mg, 81%). [o],>-82
(c 0.22, CHCLy); IR(thin film): 2933, 2837, 2213, 1679, 1514, 1306 cm™; 'H-
NMR (400 MHz, CDCL,) 8 7.87 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.56
(t, J=178 Hz, 2H), 7.23 (d, J = 8.6 Hz, 2H), 6.87 (d, J=8.6 Hz, 2H), 545 (d, J =
1.5 Hz 1H), 4.67 (d, J = 5.7 Hz, 1H), 4.64 (d, J = 11.5 Hz, 1H), 4.32 (d, J= 11.5
Hz, 1H), 4.26 (m, 1H), 4.12 (m, 1H), 4.02 (dd, J = 8.4, 4.3 Hz, 1H), 3.80 (s, 3H),
3.17-3.13 (m, 2H), 232 (d, J=17.0 Hz, 1H), 2.21-2.04 (m, 3H), 1.71 (s, 3H);
“C-NMR (100 MHz, CDC13)-8 187.2, 159.6, 138.7, 133.9, 129.9, 129.7, 129.4,
128.7, 128.1, 119.4, 113.9, 94.7, 81.8, 81.6, 72.4, 63.9, 62.9, 55.3, 51.8, 34.5,
25.2, 22.9. MS(ESI): 491 (M* + Na); 443, 411, 181.

To a solution of the above ketone (1.46 g, 3.13 mmol) in THF (10 mL) at
-78 °C was added L-Selectride (4.7 mL, 4.7 mmol; 1.0 M in THF) dropwise. The
mixture was stirred at -78 °C for 30 min and then was quenched by saturated

aqueous NH,Cl. The mixture was extracted with EtOAc. The combined organic

10
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layers were washed with brine and dried over Na,SO, and evaporated. The
residue was chromatographed over silica gel (40% EtOAc/hexane) to furnish
the alcohol 15 as a colorless oil (1.27 g, 87%) as a single isomer. [ot],>-54 (c
0.26, CHCL,); IR(thin film): 3469, 2928, 2637, 1612, 1513, 1446, 1304, 1248 cm’
'; 'H-NMR (400 MHz, CDCl,) & 7.86 (d, J = 8.2 Hz, 2H), 7.64 (t, J = 6.9 Hz,
1H), 7.56 (t, J = 7.1 Hz, 2H), 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H),
5.39 (s, 1H), 4.64 (d, /= 11.1 Hz, 1H), 4.51 (d, J= 11.1 Hz, 1H), 4.42 (t, J= 4.9
Hz, 1H), 4.32 (t, J = 4.9 Hz, 1H), 4.20 (d, / = 15.9 Hz, 1H), 4.08 (d, J = 15.9 Hz,
1H), 3.79 (s, 3H), 3.64 (m, 1H), 3.19-3.05 (m, 2H), 2.62 (d, J = 4.4 Hz, 1H), 2.16
(brs, 2H); 2.15-1.90 (m, 2H), 1.69 (s, 3H); "C-NMR (100 MHz, CDCL,) § 159.5,
138.9, 133.7, 130.2, 129.8, 129.6, 129.3, 128.0, 119.4; 113.9, 85.4, 82.9, 78.9,
73.1, 64.5, 64.2, 63.3, 55.3, 52.2, 35.6, 24.2, 22.9. MS(ESI): 493 (M" + Na),
351, 181.

Acetal 16. To a solution of alcohol 15 (1.27 g, 2.7 mmol) in THF (6 mL) at -
40 °C was added Red-Al (1.3 mL, 4.3 mmol; 65% w/w) dropwise. The mixture
was warmed to -20 °C and stirred for 1 h and then was quenched by 10%
Roche’s salt solution. The mixture was stirred at 23 °C for 2 h and then was
extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous Na,SO,, and concentrated. The residue was
chromatographed over silica gel (40% EtOAc’/hexane) to furnish the allylic

alcohol as a colorless oil (1.03 g, 81%). 'H-NMR (500 MHz, CDCl,) 6 7.89 d, J

11




© 2000 American Chemical Society, J. Am. Chem. Soc., Ghosh ja0027416 Supporting Info Page 12

=7.3 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.56 (t, J = 7.9 Hz, 2H), 7.21 (dd, J = 6.7,
1.9 Hz, 2H), 6.87 (dd, /= 6.7, 1.9 Hz, 1H), 5.83 (ddd, J = 15.7, 5.2, 0.7 Hz, 1H),
5.73 (ddd, J=15.7, 5.9, 1.0 Hz, 1H), 5.43 (s, 1H), 4.49 (dd, J= 16.3, 11.1 Hz,
2H), 4.18 (brs, 2H), 4.07 (m, 1H), 4.00 (m, 1H), 3.52 (ddd, J = 10.3, 5.4, 1.6 Hz,
1H), 3.19-3.11(m, 2H), 2.48 (brs, 1H), 2.05-1.95 (m, 2H), 1.90 (m, 1H), 1.88 (d,
J = 14.5 Hz, 1H), 1.72 (s, 3H); "C-NMR (100 MHz, CDCL) § 159.9, 139.4,
134.1, 133.8, 133.5, 131.7, 130.1, 129.7, 128.4, 120.1, 114.4, 79.6, 73.7, 73.5,
73.0, 66.0, 55.7, 52.6, 36.0, 24.2, 23.4. MS(ESI): 495 (M* + Na), 353, 181. |

To a solution of the above alcohol (354 mg, 0.79 mmol) in CH,ClL, (10 mL)
was added trifluoroacetic acid (0.3 mL). After stirring at 23 °C for 1 h, the
mixture was quenched by saturated aqueous NaHCO,. The layers were separated
and aqueous layer was extracted with CH,Cl,. The combined organic layers were
dried over anhydrous Na,SO, and concentrated. The residue was dissolved in
CH,CI, (10 mL), p-methoxybenzylidene dimethylacetal (204 mg, 1.12 mmol) and
CSA (5 mg) were sequentially added. The mixture was stirred at 23 °C for 30
min and then was quenched by Et;N (2 drops). The mixture was concentrated.
The residue was purified by silica gel chromatography (40% EtOAc/hexane) to
afford the acetal 16 (a colorless oil, 250 mg, 71%) as a mixture of isomers (4.3 :
1, by ®C NMR). Major isomer: 'H-NMR (400 MHz, CDCL) 8792 d, J=17.1
Hz, 2H), 7.67 (t, J= 7.4 Hz, 1H), 7.59 (t, J = 8.0 Hz, 2H), 7.37 (d, J = 8.6 Hz,
2H), 6.89 (d, J = 8.6 Hz, 2H), 5.96 (dd, J = 15.5, 5.1 Hz, 1H), 5.86 (s, 1H), 5.80

(ddd, J = 15.5, 7.6, 1.3 Hz, 1H), 5.44 (s, 1H), 4.20-4.18 (m, 3H), 4.07 (m, 1H),
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3.83 (m, 1H), 3.80 (s, 3H), 3.39 (m, 1H), 3.20 (m, 1H), 2.12-2.02 (m, 3H), 1.92
(d, J =16.8 Hz, 1H), 1.71 (s, 3H); "“C-NMR (125 MHz, CDCl,) § 160.9, 139.4,
136.8, 134.3, 131.6, 130.0, 129.8, 128.4, 128.4, 126.3, 120.1, 114.2, 103.7,
83.7, 719.4, 73.3, 66.1, 55.7, 53.7, 36.0, 25.7, 23.3. MS(ESI): 493 (M* + Na),

335, 317, 181.

Alcohol 3. To a solution of acetal 16 (92 mg, 0.20 mmol) in CH,CI, (10 mL) at
-78 °C was added DIBAL (0.6 mL, 0.6 mmol; 1.0 M in hexane) dropwise. The
mixture was stirred at -78 °C for 30 min and then was quenched by 10% Roche’s
salt solution. The mixture was stirred at 23 °C for 2 h. The layers were separated
and the aqueous layer was extracted with CH,Cl,. The combined organic layers
were dried over anhydrous Na,SO, and concentrated. The residue was purified by
silica gel chromatogfaphy (40% EtOAc/hexane) to afford the alcohol 3 (a
colorless oil, 68 mg, 74%) as a single regio isomer. [0(],-26 (¢ 0.97, CHCL);
IR(thin film): 3498, 2930, 2837, 1612, 1446, 1303, 1249 cm’; 'H-NMR (500
MHz, CDCl,) 6 7.89 (d, J = 7.2 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.55 (t, J= 7.9
Hz, 2H), 7.20 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.85 (dd, J = 15.8, 4.9
Hz, 1H), 5.56 (dd, J = 15.8, 6.6 Hz, 1H), 5.45 (s, 1H), 4.55 (d, J = 11.3 Hz, 1H),
4.24 (d, J = 11.3 Hz, 1H), 4.26 (s, 2H), 4.07 (m, 1H), 3.80 (s, 3H), 3.58-3.57 (m,
2H), 3.33 (m, 1H), 3.14 (m, 1H), 2.74 (brs, 1H), 2.06-2.04 (m, 2H), 1.94-1.89

~(m, 2H), 1.74 (s, 3H); *C-NMR (100 MHz, CDClL,) 6 159.7, 139.5, 137.6, 134.1,
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131.6, 130.1, 130.0, 129.7, 128.5, 126.8, 120.2, 114.3, 82.8, 73.2, 72.1, 70.4,

66.1, 55.7, 53.4, 36.0, 26.3, 23.4. MS(ESI): 495 (M" + Na), 338, 181.

Alcohol 17. To a solution of the alcohol 3 (296 mg, 0.63 mmol) in THF (6
mL) at -78 °C was added nBuLi (0.82 mL, 1.31 mmol; 1.6 M in hexane). The
resulting orange suspension was stirred for 15 min. A solution of aldehyde 2 (90
mg, 0.205 mmol) was added dropwise. The resulting mixture was warmed to -40
°C and stirred for 2 h before quenching with saturated aqueous NH,CL. The
mixture was diluted with EtOAc and the layers were separated. The aqueous
layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over anhydrous Na,SO, and evaporated. The residue was
chromatographed over silica gel (30% EtOAc/hexane) to furnish the hydroxy
sulfone as a colorless oil (104 mg).

To a solution of the above hydroxysulfone in CH,ClL, (3 mL) was
sequentially added Et;N (0.1 mL, 0.684 mmol), DMAP (5 mg) and Ac,O (55 uL,
0.58 mmol). The resulting mixture was stirred at 23°C for 3 h. The mixture was
washed with saturated aqueous NaHCO,, 1 M NaHSO,, and brine. The aqueous
layer was extracted with CH,Cl,. The combined organic layers were dried over
anhydrous Na,SO, and evaporated to afford the diacetate as a colorless oil which
was used for next reaction without further purification.

To a solution of the above diacetate in MeOH (3 mL) at -20 °C was added

Na,HPO, (64 mg, 0.45 mmol), followed by sodium amalgam (5% w/w, 750 mg). -

14
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The resultiélg suspension was vigorously stirred at -20 °C for 2 h. The mixture
was warmed to 23 °C and stirred for 30 min. After this period, the mixture was
quenched with saturated NH,Cl. The mixture was decénted. Water and 25% _
EtOAc/hexane was added. The layers were separated. The aqueous layer was
- extracted with 25% EtOAc/heXane. The combined organic layers were dried over
anhydrous Na,SO, and evaporated. The residue was chromatographed over silica
gel (10 % EtOAc/hexane) to furnish the E-isomer 17 (52 mg, 34%) along with
- Z-isomer (16 mg, 10%). E-isomer 17: [0],2-56 (c 0.54, CHCL); IR(thin film):
3503, 2926, 2855, 1513, 1035 cm™; 'H-NMR (4OQ MHz, CDC13) 0722 @, J=
8.5 Hz, QH), 6.85 (d, /= 8.5 Hz, 2H), 5.82 (dd, J = 15.9, 5.1 Hz, 1H), 5.78(m,
IH), 5.69-5.59 (m, 3H), 5.43 (s, 1H), 5.32 (dd, /= 15.4, 8.1 Hz, 1H), 4.83 (s,
1H), 4.79 (s, 1H), 4.66 (d,/=6.6Hz, 1H), 4.55(d, J=11.4 Hz, 1H), 4.47 (d, J =
6.6 Hz, 1H), 4.30 (m, 1H), 4.26 (d, J = 11.4 Hz, 1H), 4.19 (s, ZH), 4.11-4.06 (m,
2H), 3.79 (s, 3H), 3.75-3.64 (m, 4H), 3.56 (m, 1H), 3.32 (s, 3H), 2.70 (brs, 1H),
2.29 (m, 2H), 2.17-1.80 (m, 10H), 1.71 (s, 3H), 1.68-1.60 (m, 2H), 1.13 (m, 1H),
0.88 (s, 9H), 0.86 (d, J = 6.3 Hz, 3H), 0.04 (s, 6H); "C-NMR (100 MHz, CDCL,)
) 159.2, 144.2, 136.1, 13_2.6, 131.2, 130.0, 129.9, 129.8, 129.5, 127.2, 124.0,
119.7, 113.7, 113.3, 93.5, 82.0, 75.5, 73.0, 72.9, 69.9, 69.4, 65.6, 64.6, 59.8,
55.3, 55.2, 447, 42.8, 42.0, 36.7, 35.6, 35.5, 31.5, 26.5, 25.9, 22.9, 19.1, 18.3, -
5.4. MS(ESI): 777 (M" + Na), 693, 383, 181. Z-isomer: 'H-NMR (400 MHz,
CDCl,) 6 7.22 (d, J = 8.5 Hz, 2H), 6.87 (m, 2H), 5.82 (dd, J = 15.9, 5.1 Hz, 1H),

5.78(m, 1H), 5.69-5.59 (m, 3H), 5.43 (s, 1H), 5.34 (t, J = 9.4 Hz, 1H), 4.86 (s,
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1H), 4.80 (s, 1H), 4.64 (d, J = 6.8 Hz, 1H),4.54 (d,J =114 Hz, 1H), 445 (d, J =
6.8 Hz, 1H), 4.29 (m, 1H), 4.27 (d, J = 11.4 Hz, 1H), 4.19 (s, 2H), 4.08 _(m, 1H),
3.80 (s, 3H), 3.79-3.50 (m, 4H), 3.43 (m, 1H), 3.31 (s, 3H), 2.67 (brs, 1H), 2.29
(m, 2H), 2.17-1.80 (m, 10H), 1.72 (s, 3H), 1.68-1.60 (m, 2H), 1.08 (m, 1H), 0.88

(s, 9H), 0.84 (d, J = 6.3 Hz, 3H), 0.05 (s, 6H).

Phosphonate 18. To a mixture of Alcohol 17 (26 mg, 0.035 mmol) and bis-
(B,8,B-trifluoroethyl)phosphonoacetic acid (24.2 mg, O..08 mmol) in THF (3 mL)
was added seqﬁentially iPr,NEt (28 puL, 0.16 mmol) and 2,- 4, 6-trichlorobenzoyl
chloride (19 puL, 0.10 mmol). The resulting mixture was stirred at 23 °C for 30
min. After this period, the mixture was concentrated and the résidue was
dissolved in benzene (3 mL). DMAP (27 mg, 0.24 mmol) was added. The
resulting white suspension was stirred at 23°C for 30 min. The mixture was
diluted with EtOAc and washed with saturated NaHCO,, 1M NaHSO, and brine.
The aqueous was extracted with EtOAc. The combined organic layers were dried
over anhydrous Na,SO, and evaporated. The residue was dissolve in AcOH-THF-
H,O (3:1:1) (2 mL). Th¢ resulting mixture was stirred at 23°C for 3 h. The
mixture was poured into water and extracted with 50% EtOAc/hexane B X 10
mL). The combined organic layer was wavshed with brine, dried over Na,SO, and
evaporated. The residue was chromatographed over silica gel (40%
EtOAc/hexane) to furnish the phosphonate 18 (32 mg, 100%) as a colorless oil.

[a]>-88 (¢ 0.08, CHCL,); IR(thin film): 3500, 2927, 1739, 1299, 1265, 1174,
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1070 cm; "H-NMR (400 MHz, CDCL) 8 7.21 (d, J = 8.6 Hz, 2H), 6.87 (d, J =
8.6 Hz, 2H ), 5.84 (dd, J= 15.7, 5.3 Hz, 1H), 5.80 (m, 1H), 5.66 (m, 1H), 5.62
(dd, J = 15.7, 7.5 Hz, 1H), 5.48 (dd, J = 15.4, 7.8 Hz, 1H), 5.45 (s, 1H), 5.33 (dd,
J=154, 7.6 Hz, 1H), 4.99 (m, 1H), 4.81 (s, 1H), 4.78 (s, 1H), 4.58 (d, J = 6.8
Hz, 1H), 4.54 (4, J = 11.6 Hz, 1H), 4.43-4.37 (m, 6H), 424 (d, J = 11.6 Hz, 1H),
4.18 (s, 2H), 4.08-4.05 (m, 2H), 3.86-3.75 (m, 4H), 3.31 (s, 3H), 3.78 (s, 3H),
3.14 (dd, J = 20.7, 3.4 Hz, 1H), 2.42 (m, 1H), 2.34-2.26 (m, 3H), 2.17-1.85 (m,
10H), 1.71 (s, 3H), 1.71-1.60 (m, 2H), 1.09 (m, 1H), 0.88 (d, J = 5.8 Hz, 1H).
3C-NMR (100 MHz, CDCL,) & 164.3, 159.3, 144.0, 136.3, 133.9, 131.2, 129.8,
129.6, 129.3, 127.7, 1262, 124.2, 119.7, 113.8, 93.5, 78.3, 76.7, 73.1, 70.8,
70.1, 65.6, 62.6, 60.6, 55.3, 55.2, 44.7, 42.2, 41.8, 35.8, 35.6, 34.5, 33.1, 31.0,

29.7, 26.7, 22.9, 19.3.

Macrolactone 19 and 20. To a solution of the above phosphonate 18 (30 mg,
0.035 mmol) in wet CH,Cl, (2.5 inL) was added Dess-Martin periodiane (40 mg,
0.094 mmol). After 10 min, the resulting white suspension was subjected to direct
silica gel chromatography (25% EtOAc/hexane) to furnish the aldehyde (25.2
mg, 79%) as a colorless oil.

To a solution of 18-crown-6 (53 mg, 0.2 mmol) in toluene (27 mL) was
added anhydrous K,CO, (27.6 mg, 0.2 mmol). The resulting suspension was
stirred at 23°C for 3 h. The suspension was cooled to -20 °C and a solution of the

above aldehyde in toluene (5 mL) was added dropwise. The mixture was stirred

17
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at -20 °C for 30 min and then at 0°C for 2.5 h. The mixture was diluted with
EtOAc, washed with water and brine, and the combined aqueous phase was
extracted with EtOAc. The combined organic layers were dried over anhydrous
Na,SO, and evaporated. Silica gel chromatography of the residue (10%
EtOAc/hexane) afforded the Z-isomer 20 (5.2 mg) and E-isomer 19 (10 mg)
(combined yield 84%). Z-isomer 20: [0],-120 ( ¢ 0.38, CHCL,); IR(thin film):
2924, 2852, 1719, 1513, 1248 cm™; 'H-NMR (400 MHz, CDCL,) § 7.21 (d, J =
8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H ), 6.34 (m, 1H), 5.89 (d, J = 11.6 Hz, 1H),
5.83 (dd, J = 15.8, 5.5 Hz, 1H), 5.84 (m, 1H), 5.70 (d, J = 10.6 Hz, 1H), 5.62-
5.53 (m, 2H), 5.43 (s, 1H), 5.40 (m, 1H), 5.06 (m, 1H), 4.82 (s, 1H), 4.76 (s,
1H), 4.64 (d, J= 6.8 Hz, 1H), 4.58 (d, /J=11.8 Hz, 1H), 446 (d, J = 6.8 Hz,
1H), 4.30 (d, /= 11.8 Hz, 1H), 4.19 (s, 2H), 4.15-4.06 (m, 3H), 3.86 (m, 1H),
3.80 (s, 3H), 3.61 (m, 1H), 3.31 (s, 3H), 2.44-1.81 (m, 12H), 1.70 (s, 3H), 1.50
(m, 1H), 1.21 (m, 1H), 1.14 (m, 1H), 0.84 (d, J = 6.8 Hz, 3H). "C-NMR (100
MHz, CDCl,) § 165.7, 159.4, 147.5, 144.8, 135.9, 133.3, 131.7, 130.6, 129.6,
129.0, 126.9, 125.1, 121.9, 120.1, 114.1, 94.0, 79.7, 74.9, 74.2, 73.7, 72.0, 70.6,
67.6, 66.0, 55.7, 44.9, 43.1, 42.3, 36.1, 34.5, 33.3, 31.6, 28.7, 23.3, 20.2.
MS(ESD): 685 (M* + Na), 601, 583. E-isomer 19: 'H-NMR (500 MHz, CDCL,) &
7.24 (d, J = 8.6 Hz, 2H), 6.90 (m, 2H), 6.87 (d, /= 8.6 Hz, 1H), 5.86 (d, J =
17.0 Hz, 1H), 5.89-5.83 (m, 2H), 5.71-5.58 (m, 3H), 5.49 (dd, J = 15.5, 7.1 Hz,
1H), 5.45 (s, 1H), 5.14 (m, 1H), 4.84 (s, 1H), 4.77 (s, 1H), 4.65 (d, J = 6.8 Hz,

1H), 4.61 (d, J = 12.0 Hz, 1H), 4.47 (d, J = 6.8 Hz, 1H), 4.37 (m, 1H), 4.35 (d, J
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= 12.0 Hz, 1H), 4.21 (brs, 1H), 4.15 (m, 1H), 4.10 (m, 1H), 3.89 (t, J = 6.2 Hz,
1H), 3.82 (s, 3H), 3.70 (m, 1H), 3.30 (s, 3H), 2.56 (m, 1H), 2.36-2.16 (m, 5H), |
2.04 (d, J= 149 Hz, 1H), 1.95-1.77 (m, 6H), 1.73 (s, 3H), 1;55 (t, J=12.9 Hz,
1H), 1.07 (dd, J = 12.9, 10.5 Hz, 1H), 0.89 (m, 1H), 0.80 (d, J= 5.7 Hz, 3H).
C-NMR (100 MHz, CDCL,)  165.6, 159.5, 146.5, 145.0, 135.9, 135.0, 131.7,
130.7, 129.7, 129.2, 127.9, 127.0, 126.1, 123.4, 120.1, 114.1, 94.4, 79.8, 74.9,
74.5,73.7, 72.0, 70.5, 66.0, 65.3, 55.7, 45.0, 43.9, 41.8, 36.9, 36.1, 32.7, 26.2,
23.3, 18.6. MS(ESI): 685 (M*+ Na), 601, 583.

Isomerization of E-macrolactone 19. A solution of macrolactone 19 (4.8
mg, 7.3 x 10° mmol) in Et,0 (3 mL) was irridated under UV for 50 min in a
Rayonet photochemical reactor. After this period, the mixture was concentrated.
The residue was purified by silica gel chromatography (10% EtOAc/Hexanes) to
furnish Z-macrolactone 20 (1.6 mg, 33%) along with E-macrolactone 19 (1.6

mg, 33%).

Laulimalide 1. A mixture of macrolactone 20 (15.6 :mg, 0.024 mmol) and
PPTS (81 mg, 0.32 mmol) in tert-butyl alcohol (1 mL) waé heated at 83 °C for 8
h. The mixture was cooled to 23 °C and poured into Vwater. The resulting mixture
was extracted with 25% EtOAc/hexane (3 x 10 mL). The combined organic
layers were washed with brine, dried over anhydrous Na,SO, and evaporated.

The residue was chromatographed over silica gel eluting with 20% EtOAc/hexane
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to furnish the allylic alcohol as a colorless oil (6.5 mg, 45%). [at],*-125 (c 0.14,
CHCL,); IR(thin film): 3500, 2924, 1718, 1513, 1249 cm™. 'H-NMR (400 MHz,
CDCl,) & 7.22 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H ), 6.31 (m, 1H),
5.91(d, J = 11.6 Hz, 1H), 5.84 (dd, J = 15.6, 6.2 Hz, 1H), 5.83 (m, 1H), 5.70 (d, J
= 10.6 Hz, 1H), 5.63-5.58 (m, 3H), 5.43 (s, 1H), 5.06 (m, 1H), 4.84 (s, 2H), 4.59
(d, J = 11.8 Hz, 1H), 4.31 (d, J = 11.8 Hz, 1H), 4.19 (s, 2H), 4.15-4.06 (m, 3H),
3.85 (m, 1H), 3.80 (s, 3H), 3.55 (m, 1H), 2.33-1.76 (m, 12H), 1.65 (s, 3H), 1.60-
1.58 (m, 2H), 1.28-1.21 (m, 2H), 1.12 (m, 1H), 0.79 (d, J = 6.8 Hz, 3H).
MS(ESI): 641 (M* + Na), 601, 583, 463. |

To a suspension of powdered 4 A molecular sieves (50 mg) in CH,Cl, (1
mL) at -20 °C were sequentially added diethyl D-tartrate (16.4 mg, 0.08 mmol)
and Ti(OiPr), (20 ul, 0.067 mmol). The resulting mixture was stirred for 15 min
at -20 °C, and then tert-butyl hydroperoxide (20 pl, 0.13 mmol; 6.7 M in n-
decane) was added dropwise. The mixture was stirred for 15 min and then a
solution of the above alcohol (6.5 mg, 40.011 mmol) in CH,Cl, (2 mL) was added -
dropwise. The resulting mixture was stirred for 1 h at -20 °C. After this period,
a mixture of 4 N NaOH (1 mL) and brine (1 mL) was added and the resulting
mixture was stirred at 0 °C for 1 h. The layers were separated. The aqueous layer
was extracted with CH,Cl,. The combined organic layers were washed with brine,
dried over anhydrous Na,SO, and concentrated to give a residue which was used
for next reaction immediately. An analytical sample was isolated by silica gel

chromatography (20% EtOAc/hexanes). 'H-NMR (400 MHz, CDCL,) 8 7.21 (d, J
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= 8.6 Hz, 2H), 6.86 (dd, J= 6.8, 2.0 Hz, 2H ), »6.42 (dt, J = 11.3, 3.6 Hz, 1H),
5.91-5.81(m, 3H), 5.68 (d, J = 10.2 Hz, 1H), 5.59 (ddd, J = 15.8, 6.9, 1.1 Hz,
1H), 5.43 (s, 1H), 5.21 (dd, J = 10.4, 5.1 Hz, 1H), 4.84 (s, 1H), 4.83 (s, 1H), 4.59
(d, J =11.7 Hz, 1H), 4.32 (d, J = 11.7 Hz, 1H), 4.30 (m, 1H), 4.19 (s, 2H), 4.09-
4.03 (m, 3H), 3.87 (t, J = 6.0 Hz, 1H), 3.80 (s, 3H), 3.75 (m, 1H), 3.04 (m, 1H),
2.87 (t, J= 2.5 Hz, 1H), 2.40-1.74 (m, 12H), 1.59 (s, 3H), 1.45-1.30 (m, 3H),
0.82 (d, J = 6.3 Hz, 3H).

To a suspension of the above epoxide in CH,Cl, (1 mL) and pH 7 buffer
(50 ul) was added DDQ (8 mg, 0.0352 mmol). The green mixture was stirred at
23 °C for 2 h. The resulting orange suspension was then washed with saturated
aqueous NaHCO,. The aqueous layer was extracted with CH,Cl,. The combined
organic layers were dried over anhydrous Na,SO, and evaporated. The residue
was chromatographed over silica gel eluting with 25% EtOAc/hexane to give
laulimalide 1 as a colorless oil (2.6 mg, 48%). [0],2-196 (c 0.23, CHCL,); IR(thin
film): 3427, 2923, 1716, 1644, 1167 cm™; '"H-NMR (400 MHz, CDCL,) § 6.45 (m,
1H), 591 (d, /= 10.3 Hz, 1H), 5.84 -(ddd, J = 16.2, 5.3, 0.9 Hz, 1H), 5.83 (m,
1H), 5.74 (ddd, J¥ 16.2, 6.2, 0.9 Hz, 1H), 5.69 (brd, J = 10.1 Hz, 1H), 5.42 (s,
1H), 5.16 (ddd, J = 11.2, 5.2, 1.6 Hz, 1H), 4.86 (s, 1H), 4.85 (s, 1H), 4.31 (brd, J
= 9.1 Hz, 1H), 4.22 (m, 1H), 4.17 (brs, 2H), 4.07 (m, 1H), 4.03 (m, 1H), 3.76
(m, 1H), 3.72 (m, 1H), 3.08 (m, 1H), 2.90 (t, J = 2.6 Hz, IH)_, 2.38 (m, 1H), 2.36
(m, 1H), 2.22 (m, 1H), 2.12 (brd, J = 15.7 Hz, 1H), 2.02-1.72 (m, 6H), 1.69 (s,

3H), 1.49 (m, 1H), 1.45 (m ,1H), 1.33 (m, 1H), 0.82 (d, J = 6.3 Hz, 3H); "C-
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NMR (125 MHz, CDCl,) 6 166.5, 150.7, 145.3, 134.3, 131.6, 129.1, 128.9,
125.6, 120.9, 120.1, 113.0, 73.9, 73.5, 73.4, 72.7, 68.3, 67.0, 66.1, 61.1, 52.5,
46.0, 43.8, 37.5, 36.0, 34.2, 33.8, 32.1, 29.9, 23.3, 21.2. MS(ESI): 515 (M* + H),

497, 479, 181.
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mb n [ o] (=] M AN «— o N S NN OINNOMO W «— [e4] NN NN OO M”umc zwmw
S Sg 8 ¢ IsggLgg o RRRRRINBESE: 8 99RBIANANS
et -— - vt e e e ot v - F2 - Acquisition Parameters
20 T NW N/ TNNVA D T
W Time 12.15
No) INSTRUM spect
— ‘ PROBHD 5 mm BBO BB-1
<t PULPROG 20p9
™~ 0 32768
= SOLVENT coc13
S NS 8856
8 0S 2
= SHH 30303.031 Hz
N FIDRES 0.924775 Hz
] A0 0.5407220 sec
% RG 13004
ow 16.500 usec
< ) DE 6.00 usec
nOu —Lﬁﬂ—mam:&m 1 TE 300.0 K
A (Synthetic) s . e , d11 0.03000000 sec |
. ‘ a12 0.00002000 sec
g PL13 22.00 dB X
e 1] 2.00000000 sec ol
mup CROPRG2 waltz16 {
PCPD2 80.00 usec
m. SF02 500. 4320000 MHz
NUC2 iH
A PL2 3.00 9B
— PL12 22.00 0B
~ P 3.80 usec
> SFO1 125.7715724 MHz
L NUC1 13C
m PLA 3.00 0B
w2 F2 - Processing parameters
= SI 32768
L SF 125.7577390 MHz
m DN EM
15 SS8 0
= La 3.00 Hz
@) 68 0
) PC 1.40
<
nlu 1D NMA plot parameters
) cx 20.00 cm
m F1pP 170.000 ppm
Fi 21378.81 Hz
A Fa2pP 15.000 ppm
m f T _ T T T _ Y T Y T T =T T T T T T T T Y T T Y T T T T T T T | ”Mznx WGWMOMM uua\na
m ppm 160 140 120 100 80 60 40 20 HZCH 97462244 Ha/cm
©
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B Tintegral ppm
3 7.89845
7.88408
| 7.88140

[® ]

2.0132 \\-___4, .
— = e
1.0433 =< =
HEFB—— 7.63069
{2.0548 7.56977
7.55391
20230 7.54230

- 7.53893

2.2050 7.28364
7.21284
7.19566
1 6.88048
6.86330

5.86999 D

Mo ,}5.35012 2
0.9791 '*::::5.83844 E
m"‘ 5.82857 w

= __—5.45104 o

1.0000 - 4.56126 3

4.53867 a

4.25529 2

o 4.23270 @

4.20544 3

4.12850 o

|1.0553 4.08322 o

4.07321 @

3.0989 4.06314 °
R ——

_ | Tooei 3.80162 3
e /,—~3.79035 =4
3.5176 3.57178

— é;;3.56211
]2.0828 3.55616
e ——— _/-3.15709
1.1809 3. 15560

w— 3.14529
——_./_

1.0451 2.04563
1.95482

] 1.93751
1.93279

1.92669

NPT | o0

2.2229 |
_<<:::1.77289
4.5219 ‘\\\_1.75655
1.73727
SERGIINC ABLGENAT FERI2ARYBEIgRASSEREISR 3YEC
T £ ! - A A O 2EZ°" 285Ma
n el w z [l = B = b-d Q 2
s 3 5 8°= 3 2
=1 a = F
lad o0 v w -
. 2 8= Y og - g
S Bayt i, 8.5, 358 . B, % g
GECbmT w3 g ¥ FUuggo,pes 88 BE~¥2.a pag
g838588"7 % 83388088.3EGnougs lfal3 A
> ~ ANOUONDWE® - T D NE - m
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Carbon-13 standard parameters, BBO probe

o WM OMITITITOMT -9 NSO T OMWOWMAUME VOO U MO M~ INDOWwS

- m L m o W N Y~ O WO~

g ~ FPRSoOmM-~OBSYRERRA ~RS8CE8588haom S SeN8m8ES

NINNM 0T oinNm w W mmMm e

a mw mu ﬂw “ﬂ Mu mw Mw MW mﬁ mw mm mw mm “H m“ [ Mm ﬁm mw mw wwww wn ™| Nu [qVENa VIR a VAN o VAN oV}

3
WA Y - ~4,:|s|||<4k J|Lw»g o Ny et wapay WY - Caniam e e d samon o]

r —‘ T ~ T r Ll _ T T T — T T T — T T _ T _ T —
ppm 140 120 100 80 60 40 20

Current Data Parameters

NAME 3
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Mz
M2
sec

usec
usec
K
sec
sec
a8
sec

usec
MHz

daB
dB
usec
MH2

aB

MH2

H2

Date_ 20000627
Time 17.52
INSTRUM spect
PROBHOD 5 mm BBO BB-1
PULPROG 29pg
T0 32768
SOLVENT coc13
NS 86
0s 2
SKH 30303.034
FIDRES 0.924775
AQ 0.5407220
RG 8192
DwW 16.500
V3 6.00
TE 300.0
01 0.03000000
di2 0.00002000
PLI3 22.00
D1 2.00000000
CPOPRG2 waltz16
PCPD2 80.00
SF02 500. 1320000
NUce 1H
PL2 3.00
PLI2 22.00
P1 3.00
SFO1 125.7715724
NUCt 13C
PL1 0.00
f2 - Processing parameters
SI 32768
SF 125.7577390
WOwW EM
SSB 0
LB 3.00
GB 0
PC 1.40

10 NMR plot parameters

cx 20.00
FiP 165.000
F1 20750.03
F2pP 15.000
F2 1886 .37
PPMCM 7.50000
HZCM 943.18292

cm
ppm
Hz
ppm
Hz
ppm/cm
Hz/cm

_-;14;-



Proton standard parameters, BBO prabe

Current Data Parameters

NAME L100
UNTNOD NIDMIANNDCODOUNRNUITAUNASNOIRNR ANV UMOONWUMUONYCONMAUMONWW EXPND 1
MITW~—T MOOODDNOCOMNecDMA~"INN-"MNMNIVO~VLAVODLOMNMMRNOONANO ~OVWMNID
EDDODN =0 AONCOD-~NUNOLANONNYTMNAU-OCONTLORINCcNDVDOWONNINN DN - ~M PROCND 1
CAUANNO® T@NRODONITMODORARRNARASNONRIIONME~000TTDDDONRIODE OO
B U NNOGO BDINPIN T TITTIMOOEMOEOOONOOOMOUN et A "I TO0000 0000

F2 - Acquisition Parameters

Date_ 20000326
Time 17.14
INSTRUM spect

‘\

VPSS e S ek

PROBHD 5 mm BBO BB-1H
PULPROG 29
10 32768
SOLVENT coci3
NS ]
PMB DS 2
’ SWH 6009.615 Hz
FIOARES 0.183399 H2
AQ 2.7263477 sec
\d. , RG 20.2 \
TBS oW A3.200 usec r~
DE 6.00 usec ~
TE 300.0 K |
D1 1.00000000 sec
4 Py -9:50:u8
SFO1 500. .umwmcw “MH2- *
NUC1H 14
PLY 0.00 g8

F2 - Processing parameters

SI 16384
SF 500 . 1300000 MMz
) WOR EN
S58 0
LB 0.20 Hz
GB 0
PC 1.00
\ . ' 10 NMR plot parameters
cx 20.00 cm
FiP 7.600 ppm
\ _ Fi 3800.99 H2
\ Fop -0.500 ppm
ﬁ{ F2 . -250.07 Hz
PPMCM 0.40500 ppm/cm
HZCM 202.55266 H2/cm

o [o1] o™ [=20s;) (4] ||~ =h|oi|I]|O <TiM[oio| (1 [Ta]([K=31's] (=]
b (T} ~ ol o Lallin] |~ WO —lDIr~|@m] | [TediK=~JEaY} -
s |m o o|lo; @ ||ty njo|o||cul~ wig|o|=| |~ wjm|o o
@ | - o|lo @ -|lo IR B ojtu|—|ml (@ wluo]~ m
£ jev Y] - -— || = I - P T TR Y] -onlw ~
! | v | ! I T 1 T | T | T | T [
ppm 7 6 5 4 3 2 1 0
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Carbon-13 standard parameters, BB0O probe

2] © 0o N O o W=~ OO DOOWoq ONSTW SOMmINM < o

@ < MRS o < “OUoONTMOO © ~NOOKN =T O MW r~ o
e © ~ 0 mdn o ~NTAMT OO O OMN— O~mM <~ o D
g a < coaw « NANNSYMO®@N o Wn TSmO~ QUMW oo < <

(Tg) < [aa BN os BNV N Y] -t L e A T e B Ve R Ta iy Ve BT ) T T TM MU e [N |

- - -t ot e vt - :

1

1 W .r J |- \
r A— T — T T T — T T — T _ T T T — L T — L) T T 4 _ T
ppm . 140 120 100 80 60 40 20 0

Current Data Parameters

NAME L100
EXPNQ 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20000326
Time 17.23
INSTRUM spect
PRAOBMD 5 mm BBO BB-1H
PULPROG 20p9

T0 32768
SOLVENT CcoC13

NS 256

DS 2

SHH 30303.031 Hz
FIDRES 0.924775 Hz
AQ 0.5407220 sec
AG a192

DW 16.500 usec
DE 6.00 usec
TE 300.0 K
o1 0.03000000 sec
£12 0.00002000 sec
PL13 17.20 dB
Di 2.00000000 sec
CPOPRG2 waltz16
PCPD2 80.00 usec
SFo2 500. 1320000 MHz
NuUCe 1H

PL2 0.00 a8
PL12 17.20 dB
P1 3.00 usec
SFO1 125.7715724 MH2
NUCH 13C

PL1 0.00 a8

F2 - Processing parameters

SI 32768
SF 125.7577390 MHz
WOW EM

$58 0

L8 3.00 Hz
B 0 )
PC 1.40

10 NMR plot parameters

%3 20.00 cm

FiP 165.000 ppm

Fi 20750.03 Hz

Fap -8.000 ppm

F2 -1006.06 Hz
PPMCM B.65000 ppm/cm
HZCM 1087.80457 Hz/cm

- :lsg —
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ppm
87238

.85199
.66265
.66041

.64297
.62620
.56816
.55039
.53023
.26077
.22394

.20384

.19388

10560

. 99646
.85709
.83618

.38936
.65378
.62586
.52065
.49277
.43520
.41952
. 40586
.33059
.31846
.30610
.17822
.11646
.09911
.78746
.64786
.63943
.63038
. 16982
. 15650
.14503
.13085
.09819
.0BE44
.07380
.15959
.08381
.07125
.05928
.03443
.68587
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Proton standard parameters, BBO probe

Current Data Parameters

BTN NIS OIS NSRS U0 SRR RYNS NI NONNRYD oo nl
EITMON~NOCWUMOSON M- AUDONOUNBINAURNDND CAUAVOCODMNMUODOBDNOWAM-TDOSAUND DS - PROCNO 1
M-~ OO0 O0ON DO ODOTMOMMINDMOM-= M OO0ON OTST M MU OO OO MNDWUOUNIT MO T —
NANSNNNSNMSNAENNSNANOOOOOBAVOOININ ITIITTOEOMAEAMMOMONNNGNNN OO — F2 - Acquisition Parameters
Date_ 20000626
Time 19.27
INSTRUM spect
PROBHD 5 mm B0 BB-1
PULPROG 29
D] 32768
SOLVENT ocia
NS 8
DS 2
SHH 6009615 H2
FI10RES 0.183399 2
. AQ 2.7263477 sec
0,5 ‘. RG 32
L oW 83.200 usec
DE '6.00 usec \
16 ) TE 300.0 K o)
: 01 1.00000000 sec un
Py 5.00 usec
SFO1 500. 1327507 MHz
NUCH 1H
PLI 3.00 08

F2 - Processing parameters

SI 16384
SF 500.1300000 MHz
LiL EM
SSB 0
LB 0.20 Hz
ci:] 0
PC 1.00

10 NMA plot parameters

[w 20.00 cm
F1pP 8.500 ppm
ﬂ Fi 4251.10 Hz
F2p 1.500 ppm
y rf;[. F2 750.20 Hz
PPMCM 0.35000 ppm/cm
HZCM 175.04550 Hz/cm

- T ~ W e hoing (== [=} miwo ~ o [+ ] Wi+~ |Mm
© ®| o|=F||m o S S | ikl |= v| (w0 || (©
& | |- I3 2 b=} | ln} e ~| [= ola| |
@ = v[]|m 0 I3V S =] |& v |eu Ao o
= 3% —jcul|cu o fl - m|le} |0 —| |~ mie| |
! I T I ! T T | T T T | T )

ppm 8 7 6 5 4 3 2
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COCL3 STANDARD PARAMETERS

jeoy~- Loy |

PPN

REFCYANI .00
DATE 30-6-0
SF 400,134
SY 133.0
01 = 6600.000
sI 16384
7D . 16384
SW 4B07.692 '
HZ/PT .587 _
PH 6.0 o
RD 1.000 !
AQ 1.704
RG 20
NS 8
TE 297
FW 6100
17 02 6600.000
DP 63L PO
L8 . 100
) 0.0
CX 34.00
cY 20.00
F1 7.501p
F2 .498p
MZ/CM 94142
PPM/CM  .235
SR 4395.00
,

| BN S B G A e e e auin St B M NS RANLERE BRI R L B REL SRELEN LANR .14._.‘..4_.14441-...4_.. ™TrT

7.0 6.5 6.0 5.5 5.0
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CDCL3 C313 STANDARD PAHAMETERS

<|wlwp- 1|

5

IS
r

N/ Y

o’
S

~ oyl

¥
-c

2SS
BAUICEH

HEFCYAMNI . OUL

DATE 30-6-0
g juu . L4
SY 749 o
01 49/0.400
SI 32768

0 32768

SW 23Uy . D24
HZ/P 1.453

PW 3.4

Hny 2.000
AU . 688
HG udv

NS 456

TE 3Q0

FW 29800

ue2 6000 . 400
be 2l CPU

LH 3.000
[} 0.9

CX 34.00
cY £0.00
F1 tLH.002P
[ ~H.Q02P

HZ/CM 511,460
PPM/CM  5.088
SH -61168.00
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Ppm
28523
24896

.23179
.87866
.86141
.88132
.B4730
.83529
. 70554
.62908
.61467
.58299
.51048
. 49624
. 44515
.83839
.76811
.65275
.63918
.62501
.60107
.47940
. 46586
.35846
.33467
.20988
.15829
.14366
.B88993
.81698
.30800
.30318
.32299
.21313
.19205
.18327
.06152
.05326
.94369
.81198
.79185
.77223
.72637
.2B946

.27499
.27056
.B0152
0.

79004

ONJOHd
ONdX3
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Carbon-13 standard parameters, BB0 probe

Current Data Parameters
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: NAME M703
o o o OOnN 9 m STomoomooo O SO0 MDONN NN OO MMM~G S XP 4
g@ ¥ S8B5RRILERERTE ©ERYRBILATSNRB #2REICRERES  he |
a8 3 SBT3 8Rh88RS o PRRRAICIRYLYY IS 8YNSeLaa® :
- -~ A A Al ol ABE S AEE TR SRR NI S F2 - Acquisition Parameters
Date_ 20000703
Time 15.09
. . ) INSTRUM spect
PROBHD 5 mm BBO BB-1
PULPROG zgpg’
T0 32768
SOLVENT coci3
NS 240
DS : 2
ShH 30303.031 Hz
FIDRES 0.924775 Hz ]
A0 0.5407220 sec 3
RG 8192 T
1] v 16.500 usec |
BE 6.00 usec '
TE 300.0 K
a1l 0.03000000 sec
da12 0.00002000 sec
19 PL13 "22.00 08
. D1 2.00000000 sec
CPOPRG2 waltz16
PCPD2 80.00 usec
SFo2 500. 1320000 MHz
NUC2 IH
PL2 3.00 a8
PLi2 22.00 08
Py 3.00 usec
SFO1 125.7715724 MHz
NUCt 13C
PL1 0.00 dB
F2 - Processing parameters
SI - 32768;
SF 125,7577390 MMz
WOW EM
SS8 0
L8 3.00 H2
GB 0
PC 1.40
g~ _ B r&:g R ﬁ. & _ & 10 NMA plot parameters
: ﬁ ) Cx 20.00 cm
—-—— Smeni /Y VRiY oy Y L - it b T i iy oty etag W s apigny/ P s Fip 170.000 ppm
' Ft 21378.81 Hz
F2pP 15.000 ppm
T T — L] 1 L} — T L] T — T T T — T T T — T L} I — T L} T — 1 ”Mxnz WQWMONM IN \ﬂa
. ppm
140 120 100 80 _ 60 40 20 H2CM 974.62244 Hz/cm
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CDCL3 STANDARD PAHAMETERS

E.EE SRR WA
AV RGN NS eSSl

REF05101.013

DATE 6-7-0
SF quu. 134
SY 133.¢
01 6B600.000
SI 16384
15807 602 _
9 .b |
HZ/PT .687 N
o0
PW B.0 |
AD 1.000
AQ 1.704
RG vl
NS 56
TE 297
(2] 6100
02  §600.000
DP  63L PO
L8 .100
6B 0.0
_ cx 44.00
_ cy 15.00
F1 7.501P
: F2 .500P
| . HZ/CM y2.387
: PPM/CM 206
SR 44495.Q0

LARLR N

[ A0 aua e 20t Nt A 0u. RUSR SR SN UL R BENLRNR .<<..‘ﬂ41ﬁ.__4‘7.< ..1.._1-.4_....14..._..4.._:..._<..‘Aa T
7.0 6.5 m 2.5 2.0 1.5 1.0




