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SUPPORTING INFORMATION

General Experimental Procedures.

'H and *C NMR spectra were recorded at 25 °C on a Varian Inova spectrometer at 500 and 125 MHz,
respectively, using CDCI3 as the solvent and internal reference. Inverse detect spectra were obtained
with a Varian 3mm PFG indirect detect probe with jnxh=8.3Hz and “Jc = 130Hz . Coupling constants
are reported in hertz, Hz. All non-aqueous reactions were run in flame-dried glassware under a dry N,
atmosphere. Toluene, THF, CH,Cl,, and Et,O were obtained from Aldrich (Pure-Pac) and further dried
by passage through activated alumina as described by Bergman and Grubbs.® All flash chromatography
was performed with normal phase silica gel (Sorbent Technologies, 32-63 um particle size, 60 A pore
size), following the general protocol of Still.?
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The acryloyl oxazolidinone 6% (37 mg, 0.160 mmol) and triisopropylsilyl 3-buten-1-ol 7 (47 mg, 0.208
mmol) were dissolved in CH,Cl, (0.8 mL) in a flame-dried flask under Nyg). Grubbs’ 2™ generation
catalyst (7.0 mg, 0.008 mmol) was added in one portion, and the reaction was heated at 40 °C for 20 h.
An additional 3% catalyst was added, and the reaction temperature was maintained at 40 °C for an
additional 4h. The completed reaction was cooled to rt and the solvent removed in vacuo. The residue
was purified by flash column chromatography (10% EtOAc/Hex) to provide 8 (41 mg, 59%) as an oil.

[a]o +21.6 (c 0.765, CHCIs); IR (thin film): 2937.34, 2867.08, 1775.43, 1683.56, 1640.33, 1353.91,
1197.18, 1110.72 cm™; *H NMR (500 MHz, CDCls): & 7.30 (m, 7H), 4.72 (ddt, 1H, J =12.0, 9.5, 4.0
Hz), 4.17 (m, 2H), 3.83 (t, 2H, J = 8.5 Hz), 3.31 (dd, 1H, J = 17.0, 4.0 Hz), 2.77 (dd, 1H, J = 16.5,
11.5), 2.53 (g, 2H, J = 8.0 Hz), 1.05 (s, 18H), 1.04 (s, 3H); *C NMR (100 MHz, CDCls): & 164.79,
153.35, 148.61, 135.30, 129.41, 128.87, 127.23, 121.69, 66.01, 61.88, 55.20, 37.76, 36.37, 17.94, 11.87;
MS (El): m/z 432.2 (M*+H), 430.2 (M*-H), 388.2 (M*-'Pr); HRMS (EI): calculated for Ca4HzsNO,Si
(M*-H) 430.2414, found 430.2411

! a) Alaimo, P. J.; Peters, D.W.; Arnold, J.; Bergman, R.G. J. Chem. Educ. 2001 78 64. b) Pangborn, A. B.; Giardello, M. A.; Grubbs, R.
H.; Rosen, R.K.; Timmers, F. J. Organometallics 1996, 15, 151.

2 Still, W.C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

3 Evans, D. A Chapman, K. T.; Bisaha, J. J. Am. Chem. Soc.1988,110, 1238.
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4-Benzyl-3-(5-triisopropylsilanyloxy-pent-2-enoyl)-oxazolidin-2-one 8 (17.2 g, 39.8 mmol) was
dissolved in CHCl, (250 mL) in a flame-dried round bottom flask under Ny¢). The solution was cooled
to -78 °C. Freshly distilled cyclopentadiene (32.8 mL, 398.5 mmol) was added. Lastly, ELAICI (7.0
mL, 55.7 mmol) was slowly added over 10 min. The reaction was stirred at -78 °C for 12 h. The
reaction was cautiously quenched at -78 °C with 1M HCI. After warming to room temperature, the
mixture was extracted with CH,Cl, (100 mL x 2). The combined organic layers were washed
successively with H,O (100 mL), saturated aqueous NaHCO3; (100 mL), and saturated aqueous NaCl
(100 mL). The combined organic layers were dried over Na;SO,, vacuum filtered through a plug of
silica gel, and concentrated in vacuo to provide 9 (19.3 g, 96%, 45:1 dr) as an oil which needed no
further purification.

[a]p +62.7 (c 0.130, CHCI3); IR (thin film): 3055.28, 2937.16, 2860.95, 1782.59, 1694.95, 1454.89,
1378.68, 1195.78, 1108.14 cm™; 'H NMR (500 MHz, CDCly): & 7.24 (m, 5H), 6.38 (dd, 1H, J = 5.5,
3.0 Hz), 5.83 (dd, 1H, J = 5.5, 2.5 Hz), 4.61 (m, 1H), 4.13 (d, 2H, J = 6.0 Hz), 3.70 (m, 2H), 3.66 (t, 1H,
J= 4.0 Hz), 3.35 (s, 1H), 3.20 (dd, 1H, J = 13.0, 3.0 Hz), 2.72 (s, 1H), 2.65 (dd, 1H, J = 13.0, 10.0 H2),
2.13 (m, 1H), 1.70 (q, 2H, J = 6.5 Hz), 1.68 (d, 1H, J = 10.0 Hz), 1.48 (dd, 1H, J = 8.5, 1.5 Hz), 1.02 (s,
21H): C NMR (100 MHz, CDCl5) & 173.90, 153.32, 139.57, 135.35, 131.01, 129.45, 129.37, 127.29,
66.04, 62.81, 50.32, 47.95, 47.61, 47.22, 39.47, 38.61, 38.10, 26.33, 18.01, 11.95; MS (El): m/z 454.2
(M*-'Pr), 388.2 (M*-CsHg); HRMS (EI): calculated for CasHzsNO,Si (M*-'Pr) 454.2414, found
454.2417

3-(2-Triisopropylsilanyloxy-ethyl)-bicyclo[2.2.1]hept-5-ene-2-carboxylic acid methoxy-methyl-
amide, 10
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4-Benzyl-3-[3-(2-triisopropylsilanyloxy-ethyl)-bicyclo[2.2.1]hept-5-ene-2-carbonyl]-oxazolidin-2-one 9
(11.6 g, 19.5 mmol) was dissolved in a mixture of THF (300 mL) and H,O (100 mL) and cooled to -10
°C. H0; (7.4 mL, 30% solution, 78.0 mmol) was added. LiOH (885 mg, 39.0 mmol) was slowly
added so that the internal temperture did not exceed 0 °C, and the reaction was stirred at -10 °C for 2 hs.
The reaction was slowly quenched at -10 °C with Na,SO3; (11 g in 60 mL H,0, 4 eq), followed by
addition of 150 mL saturated aqueous NaHCO; and allowed to warm to room temperature. After
acidifying to pH 3 with 3 M HCI, the mixture was extracted with EtOAc (100 mL x 4). The combined
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organic layers were dried over Mg,SQq, filtered, and concentrated in vacuo. The solution was triturated
with Et,O (80 mL) and filtered to remove the oxazolidinone. After concentration of the organics in
vacuo, the carboxylic acid was isolated as an oil. The carboxylic acid was immediately used in the next
reaction without any further purification.

The crude 3-(2-triisopropylsilanyloxy-ethyl)-bicyclo[2.2.1]hept-5-ene-2-carboxylic acid (19.5 mmol)
was dissolved in CH,Cl, (70 m) in a flame-dried round bottom flask under Nyg). DMAP (238 mg, 1.95
mmol) and N-methoxy-N-methylamine hydrochloride (2.85 g, 29.3 mmol) were added. Lastly, EDCI
(5.6 g, 29.3 mmol) was added and the reaction was stirred for 10 h. The reaction was quenched with
saturated aqueous NH4CI (40 mL) and extracted with CH,Cl, (2 x 40 mL). The combined organic layers
were washed with saturated aqueous NaCl (60 mL), dried over MgSOQ,, filtered, and concentrated in
vacuo. The oil was purified by flash column chromatography (10-25% EtOAc/Hex) to yield 10 (4.70 g,
52% over 2 steps).

[a]o +54.4 (c 0.210, CHCIs); IR (thin film): 2962.66, 2935.96, 2867.32, 1669.85, 1463.91, 1380.01,
1109.25 cm™; *H NMR (500 MHz, CDCls): § 6.25 (dd, 1H, J = 5.5, 3.0 Hz), 5.88 (dd, 1H, J = 6.0, 3.0
Hz), 3.69 (s, 3H), 3.66 (m, 2H), 3.13 (s, 3H), 3.08 (s, 1H), 2.74 (m, 1H), 2.66 (d, 1H, J = 1.5 Hz), 1.87
(dg, 1H, J = 6.0, 1.5 Hz), 1.75 (m, 1H), 1.69 (m, 1H), 1.57 (d, 1H, J = 8.5 Hz), 1.42 (dd, 1H, J = 8.5, 1.5
Hz), 1.03 (s, 18H), 1.02 (s, 3H); *C NMR (100 MHz, CDCls): § 175.26, 137.97, 132.26, 62.85, 61.28,
48.24, 47.29, 46.28, 39.52, 39.09, 32.54, 18.02, 11.94; MS (LSIMS): m/z 382.3 (M*+H), 350.62 (M-
CHs), 338.2 (M*-CHj3), 321.2 (M*-N(OCH3)CHj3), 272.1 (M*-CsHg-'Pr); HRMS (LSIMS): calculated
for Co1H39NOsSi (M*) 381.2699, found 381.2700
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3-(2-Triisopropylsilanyloxy-ethyl)-bicyclo[2.2.1]hept-5-ene-2-carboxylic acid methoxy-methyl-amide
10 (616 mg, 1.61 mmol) was dissolved in THF (16 mL) in a round bottom flask under Nyg. The
solution was heated to reflux, and vinyl magnesium bromide (4.0 mL, 1.0 M in THF, 4.03 mmol) was
added. The reaction was heated to reflux for 15 min, then cooled to room temperature. The reaction
was diluted with Et,O (10 mL) and quenched with saturated aqueous NH4CI (10 mL). The mixture was
extracted with Et,O (2 x 10 mL) and washed with saturated aqueous NaCl (10 mL). The combined
organic layers were dried over MgSQO, and vacuum filtered through a plug of silica gel. The solution
was concentrated in vacuo to yield 2 (557 mg, 99%) as an oil which could be used without further
purification.

[a]o +48.2 (¢ 0.175, CHCls); IR (thin film): 2956.45, 2941.64, 2871.32, 1698.00, 1457.41, 1098.39 cm’
L. 14 NMR (400 MHz, CDCly): §6.46 (dd, 1H, J = 17.5, 10.5 Hz), 6.22 (d, 1H, J = 17.5 Hz), 6.21 (m,
1H), 5.80 (dd, 1H, J = 5.5, 2.5 Hz), 5.67 (d, 1H, J = 10.5 Hz), 3.68 (m, 1H), 3.13 (s, 1H), 2.81 (t, 1H, J =
4.0 Hz), 2.66 (s, 1H), 1.95 (g, 1H, J = 4.5 Hz), 1.72 (nonet, 2H, J = 4.5 Hz), 1.60 (d, 1H, J = 8.5 Hz),
1.45 (d, 1H, J = 8.5 Hz), 1.02 (s, 18H), 1.01 (s, 3H); *C NMR (100 MHz, CDCls): § 200.16, 138.29,
135.40, 132.27, 127.35, 62.74, 57.64, 47.39, 46.87, 46.53, 39.11, 38.08, 18.02, 11.94; MS (FAB): m/z
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349.2 (M*+H), 305.1 (M*-'Pr), 239.1 (M*-CsHe-iPr); HRMS (FAB): calculated for C,1H370,Si (M*+H)
349.2563, found 349.2551

2,2-Dimethyl-6-{4-[4-ox0-3-(2-triisopropylsilanyloxy-ethyl)-1,2,3,3a,4,6a-hexahydro-pentalen-2-
yl]-but-3-enyl}-[1,3]dioxin-4-one, 3
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Enone 2 (34.6 mg, 0.0993 mmol) was dissolved in anhydrous CH,Cl, (10 mL) in a flame-dried round
bottom flask equipped with a condenser under Na). 6-But-3-enyl-2,2-dimethyl-[1,3]dioxin-4-one 11
(54.0 mg, 0.298 mmol) was added followed by Grubbs’ catalyst (3.3 mg, 0.004 mol dissolved in 100 uL
CH,Cl,). The reaction was heated at 45 °C for 6 h. After cooling to rt, the solvent was removed in
vacuo. The crude oil contained a 2:1 mixture of diastereisomers 163 (57.3 mg, 59%) which were
separated by FCC (20-40% Et,0/Pet. Et,0) to give pure (E)-3.

[a]o -29.9 (c 0.5800, CHCIl5); IR (thin film): 2937.09, 2864.97, 1733.18, 1699.89, 1633.32, 1461.33,
1383.66, 1272.70, 1211.67, 1089.62 cm™; *H NMR (500 MHz, CDCls): & 7.56 (dd, 1H, J = 5.5, 2.5
Hz), 5.90 (dd, 1H, J = 5.5, 1.5 Hz), 5.38 (dt, 1H, J = 15.5, 6.5 Hz), 5.26 (dd, 1H, J = 15.5, 8.0 Hz), 5.19
(s, 1H), 3.92 (td, 1H, J= 9.5, 5.5 Hz), 3.75 (ddd, 1H, J = 10.0, 9.0, 6.0 Hz), 3.36 (m, 1H), 2.50 (t, 1H, J =
7.5 Hz), 2.40 (m, 1H), 2.17 — 2.31 (m, 4H), 2.06 (ddd, 1H, J = 14.5, 8.5, 6.5 Hz), 1.84 (m, 1H), 1.65 (s,
3H), 1.64 (s, 3H), 1.40 — 1.60 (m, 2 H), 1.09 (m, 1H), 1.04 (s, 18H), 1.03 (s, 3H); *C NMR (100 MHz,
CDCls): & 211.34, 171.09, 166.07, 161.27, 134.01, 131.49, 128.36, 106.33, 93.43, 62.17, 56.18, 53.79,
46.80, 43.65, 37.32, 37.11, 33.45, 29.68, 28.55, 25.04, 18.03, 11.95; MS (ESI): m/z 525 (M*+Na), 467
(M*+Na-C3Hs0); HRMS (ESI): m/z calculated for CogHss05SiNa (M*+Na) 525.3007, found 525.3033.

2,2-Dimethyl-6-{4-[4-methyl-1-(2-triisopropylsilanyloxy-ethyl)-1,2,3,3a,4,6a-hexahydro-pentalen-
2-yl]-but-3-enyl}-[1,3]dioxin-4-one, 16:
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Dioxenone 3 (66 mg, 0.131 mmol) was dissolved in anhydrous Et,O (2 mL) and cooled to -78 °C in a
flame-dried round bottom flask under Nyg. Freshly prepared Me,CuLi (1 mL, 0.262 mmol, 0.26 M
Et,O) was added. After 10 min, the cold reaction was poured directly into a separatory funnel
containing saturated aqueous NH,4Cl and EtOAc (20 mL). The reaction was extracted with EtOAc (2 x 5
mL) and the combined organic layers were washed with saturated aqueous NaCl, dried over MgSO,, and
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vacuum filtered through a short pad of silica gel. The solvent was removed in vacuo to provide 16 (61
mg, 90%).

[a]o: -41.5 (c 1.6800, CHCIs); IR (thin film): 2935.45, 2861.06, 1739.58, 1630.86, 1470.65, 1390.54,
1367.65, 1270.38, 1207.44, 1098.73 cm™; *H NMR (400 MHz, CDCl5): & 5.33 (m, 2H), 5.19 (s, 1H),
3.79 (ddd, 1H, J = 10.4, 8.8, 5.6 Hz), 3.69 (ddd, 1H, J = 10.0, 8.4, 6.4 Hz), 2.52 (dd, 1H, J = 18.0, 7.6
Hz), 2.37 (m, 2H), 2.10 - 2.30 (m, 5H), 2.03 (m, 2H), 1.87 (dd, 1H, J = 18.0, 4.8 Hz), 1.76 (m, 1H), 1.64
(s, 6H), 1.59 (m, 2H), 1.14 (dd, 1H, J = 11.2, 8.8 Hz), 1.03 (m, 25H); *C NMR (100 MHz, CDCl5): &
220.99, 171.16, 161.27, 134.52, 127.89, 106.31, 93.38, 62.06, 57.05, 51.83, 48.81, 45.53, 44.88, 39.47,
37.48, 33.73, 33.53, 28.59, 25.04, 25.02, 21.61, 18.00, 11.92; MS(ESI): m/z 541 (M*+Na), 483 (M*+Na-
C3HsO); HRMS (ESI): m/z calculated for C3oHs005SiNa (M*+Na) 541.3320, found 541.3310.

The intermediate ketone (256 mg, 0.493 mmol) was stirred in wet MeOH (5 mL) and cooled to -10 °C.
NaBH, (28 mg, 0.739 mmol) was added in one portion and the reaction continued for 10 min. The cold
reaction was poured into a separatory funnel containg saturated aqueous NH4Cl and Et,O (20 mL).
After extracting with Et,O (3 x 10 mL), the combined organic layers were washed with saturated
aqueous NaCl (15 mL), dried over MgSQy, filtered and concentrated in vacuo. The crude oil was used
without further purification.

The crude mixture of diastereoisomeric alcohols obtained above was stirred in 4 mL dry CH,Cl, at 0 °C
in a flame-dried round bottom flask under N»). Martin sulfurane was added and the reaction allowed to
warm to rt over 8 h. The reaction was quenched with saturated aqueous NH,Cl (10 mL) and extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with saturated aqueous NaCl (20
mL), dried over MgSQ,, filtered and concentrated in vacuo. The crude oil was purified by FCC (5%
EtOAc/Hex to remove the Martin sulfurane byproducts and 10-20% Et,O/Hex to isolate the desired
material) to yield 16 (124 mg, 50%).

[o]o +56.9 (c 0.4850, CHCIs); IR (thin film): 2948.77, 2858.40, 1740.12, 1627.17, 1463.38, 1389.96,
1378.66, 1271.35, 1209.22, 1101.91 cm™; *H NMR (400 MHz, CDCl5): 6 5.53 (dt, 1H, J = 5.6, 1.6 Hz),
5.43 (dt, 1H, J = 5.6, 2.0 Hz), 5.33 (m, 1H), 5.26 (dd, 1H, J = 15.2, 7.2 Hz), 5.18 (s, 1H), 3.74 (ddd, 1H,
J =96, 8.4, 5.2 Hz), 3.67 (dt, 1H, J = 9.2, 7.6 Hz), 2.78 (m, 1H), 2.36 (m, 1H), 2.06 — 2.26 (m, 5H),
1.92 (m, 2H), 1.76 (m, 1H), 1.63 (s, 6H), 1.36 (m, 1H), 1.22 (m, 1H), 1.06 (m, 1H), 1.02 (s, 18H), 1.01
(s, 3H), 0.95 (d, 3H, J = 6.8 Hz); *C NMR (100 MHz, CDCls): & 171.31, 161.28, 135.34, 134.11,
133.45, 127.15, 106.25, 93.32, 62.55, 56.58, 50.79, 49.31, 48.00, 46.41, 40.74, 37.52, 33.63, 28.64,
25.04, 24.97, 21.72, 17.99, 11.92; HRMS (ESI): m/z calculated for C3Hs004SiNa (M*+Na) 525.3376,
found 525.3764.
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6-{4-[1-(2-Hydroxy-ethyl)-4-methyl-1,2,3,3a,4,6a-hexahydro-pentalen-2-yl]-but-3-enyl}-2,2-
dimethyl-[1,3]dioxin-4-one, 17
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Dioxenone 16 (137 mg, 0.273 mmol) was stirred in dry THF (2.7 mL) in a round bottom flask under
Nag). HF/pyr. (0.1 mL, 0.681 mmol) was added and the reaction stirred at rt for 2.5 h at which time,
additionol HF/pyr. 0.1 mL) was added. After stirring 90 min, the reaction was diluted with EtOAc (5
mL) and slowly quenched with saturated aqueous NaHCOs. Extraction with EtOAc (3 x 5 mL) was
followed by washing of the combined organic layers with saturated aqueous NaCl (10 mL). Subsequent
drying of the organic layer over MgSO,. filtering and removing the solvents in vacuo provided an oil
which could be purified by FCC (25-50% EtOAc/Hex) to provide 17 (81 mg, 86%) as an oil.

[a]o +76.0 (¢ 0.2100, CHCI3); IR (thin film): 3448.20, 3044.56, 2947.92, 2919.49, 2862.64, 1725.64,
1634.68, 1384.54, 1276.52, 1208.30 cm™; *H NMR (400 MHz, CDCl3): 6 5.54 (dt, 1H, J =5.6, 1.6 Hz),
5.47 (dt, 1H, J = 5.6, 2.0 Hz), 5.30 (m, 2H), 5.21 (s, 1H), 3.72 (ddd, 1H, J = 10.4, 8.8, 5.2 Hz), 3.61 (d,
1H, J = 10.4, 7.2 Hz), 2.78 (m, 1H), 2.39 (M, 1H), 2.20 — 2.30 (m, 5H), 2.13 (m, 1H), 1.97 (m, 2H), 1.88
(br's, 1H), 1.75 (dddd, 1H, J = 12.8, 8.8, 7.2, 4.0 Hz), 1.66 (s, 6H), 1.39 (m, 1H), 1.19 (m, 1H), 1.07 (m,
1H), 0.97 (d, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDCls): 5 171.31, 161.61, 135.65, 134.52, 133.11,
127.37, 106.35, 93.70, 61.89, 56.67, 49.36, 48.06, 46.46, 40.75, 37.36, 33.44, 28.51, 25.17, 24.89,
21.71; MS (ESI): m/z 370 (M*+H+Na), 369 (M"+Na); HRMS (ESI): m/z calculated for C,;H3,04Na
(M*+Na) 369.2036, found 369.2043.

4-{2-[4-(2,2-Dimethyl-6-oxo0-6H-[1,3]dioxin-4-yl)-but-1-enyl]-4-methyl-1,2,3,3a,4,6a-hexahydro-
pentalen-1-yl}-but-2-enoic acid 2-trimethylsilanyl-ethyl ester, 4

OH 1. TPAP, NMO, CH,Cl,, o~ N-0
H 4A MS M\
> (e} SiMes
Me 2. KHMDS, 18-¢c-6, THF, Me .,
H "',/M/\fo -78°C O O H II%O
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Alcohol 17 (92 mg, 0.264 mmol) was stirred in dry CH,Cl, (2 mL) in a flame-dried round bottom flask
under Nyg). Freshly dried and powdered 4 A molecular sieves were added followed by NMO (96 mg,
0.820 mmol). After stirring for 10 min, TPAP (5 mg, 0.0132 mmol) was added. The black slurry was
stirred for 20 min and diluted with CH,Cl, (5 mL). The reaction was vacuum filtered through a short
plug of silica gel with 30% Et,/CH,Cl,. The solvent was removed in vacuo and the crude aldehyde used
immediately in the ensuing olefination.
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[Bis-(2,2,2-trifluoroethoxy)phosphoryl] acetic acid (2-trimethylsilyl)ethyl ester* (171 mg, 0.449 mmol)
was stirred in anhydrous THF (2 mL) in a flame-dried round bottom flask under N,(). Following the
addition of 18-crown-6 (349 mg, 1.32 mmol), the mixture was cooled to -78 °C. KHMDS (0.49 mL,
0.449 mmol, 0.91 M THF) was slowly added and the yellow solution was stirred 15 min. The aldehyde
synthesized above was slowly added in dry CH,Cl, (0.6 mL). After stirring for 2 h at -78 °C, the
reaction was poured into a separatory funnel containing saturated aqueous NH,CI/EtOAc (10 mL). The
reaction was extracted with EtOAc (3 x 5 mL) and the combined organic layers were washed with
saturated aqueous NaCl, dried over MgSQ,, filtered, and concentrated in vacuo. The crude oil was
purified by FCC (10% EtOAc/Pet. Et,0) to provide (Z)-4 (67.0 mg, 51%) and (E)-4 (8.4 mg).

[a]o +176.2 (c 0.0250, CHCIs); IR (thin film): 3034.57, 2953.15, 2924.07, 2865.91, 1731.83, 1720.19,
1632.96, 1394.51, 1365.43, 1173.51 cm™; *H NMR (500 MHz, CDCls): & 6.20 (ddd, 1H, J = 9.2, 6.8,
5.2 Hz), 5.76 (d, 1H, J = 9.2 Hz), 5.51 (dt, 1H, J = 4.8, 1.6 Hz), 5.44 (dt, 1H, J = 4.4, 1.6 Hz), 5.35 (dt,
1H, J = 12.0, 4.8 Hz), 5.28 (dd, 1H, J = 12.0, 5.6 Hz), 5.20 (s, 1H), 4.17 (m, 2H), 2.62 — 2.86 (m, 3H),
2.37 (m, 1H), 2.18 — 2.28 (m, 4H), 2.12 (m, 1H), 2.01 (m, 2H), 1.64 (s, 3H), 1.63 (s, 3H), 1.27 (m, 1H),
1.07 (m, 1H), 0.95 (d, 3H, J = 5.6 Hz), 0.02 (s, 9H); **C NMR (100 MHz, CDCls): & 171.26, 166.66,
161.28, 149.28, 139.91, 134.49, 133.00, 127.75, 120.26, 106.29, 93.42, 61.94, 56.01, 51.35, 50.55,
49.15, 46.60, 40.58, 33.58, 32.81, 28.68, 25.09, 25.02, 21.70, 17.31, -1.50; MS (ESI): m/z 509 (M*+Na),
451 (M*+Na-C3HgO); HRMS (ESI): m/z calculated for C,gH420sSiNa (M*+Na) 509.2694, found
509.2701.

6-{4-[1-(4-Hydroxy-but-2-enyl)-4-methyl-1,2,3,3a,4,6a-hexahydro-pentalen-2-yl]-but-3-enyl}-2,2-
dimethyl-[1,3]dioxin-4-one, 19

o N0 W[~ \—OH
J \/\SiMeg 1. TBAF, THF, 0 °C to rt
Me™ 0, = 2.IBCF, NMM, THF, 0 °C, Me™ | 0, =
A/WO then NaBH,, MeOH, H,0 %O
18 OXO 50% 19 OXO

Ester 18 (57 mg, 0.1171 mmol) was stirred in dry THF (1.2 mL) in a flame-dried round bottom flask
under Ny and cooled to 0 °C. TBAF (0.35 mL, 0.3513 mmol, 1.0 M THF) was added and the reaction
was allowed to warm to rt over 4.5 h. The reaction was quenched with NH,Cl and extracted with
EtOAc (4 x 5 mL). The combined organic layers were washed with 1 M HCI (10 mL) and saturated
aqueous NaCl (10 mL). After drying over MgSO, and filtering, the solvent was removed in vacuo. The
carboxylic acid could be used without further purification.

The carboxylic acid (24 mg, 0.0617 mmol) was dissolved in dry THF (0.5 mL) in a flame-dried round
bottom flask under Ny and cooled to 0 °C. NMM (20 uL, 0.1851 mmol) was added followed by the
addition of IBCF (16 uL, 0.1235 mmol). Salts immediately precipitated out, however the reaction was
allowed to stir for 10 min [anhydride formation monitored by TLC (30% EtOAc/Pet. Et;0)]. The salts
were removed by filtration and washed twice with dry THF. The solution was recooled to 0 °C and
CeCl3 (23 mg, 0.0617 mmol) was added. The reaction was diluted with MeOH (0.3 mL) and H,O (0.3
mL). NaBH, (7 mg, 0.1851 mmol) was added and the reaction stirred at 0 °C for 15 min. The reaction

4 Boger, D. L.; Sakya, S. M.; Yohannes, D. J. Org. Chem., 1991, 56, 4204.
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was quenched with saturated aqueous NH4Cl and exhaustively extracted with EtOAc. The combined
organic layers were washed with saturated aqueous NaCl, dried over MgSQ,, filtered and concentrated
in vacuo. FCC (25-50% EOAc/Pet. Et,0) provided 19 (12 mg, 50% over 2 steps).

[a]o +73.2 (¢ 0.2300, CHCI3); IR (thin film): 3419.21, 2951.00, 2917.56, 2861.82, 1735.87, 1629.97,
1395.86, 1367.99, 1267.66, 1206.35 cm™; *H NMR (500 MHz, CDCls): & 5.64 (m, 1H), 5.57 (m, 1H),
5.53 (dt, 1H, J = 4.4, 1.6 Hz), 5.45 (dt, 1H, J = 12.0, 4.8 Hz), 5.27 (dd, 1H, J = 12.0, 5.6 Hz), 5.21 (s,
1H), 4.17 (d, 2H, J = 5.2 Hz), 2.75 (m, 1H), 2.37 (m, 1H), 2.25 (m, 5H), 2.10 (m, 1H), 1.97 (m, 3H),
1.65 (s, 6H), 1.51 (br s, 1H), 1.19 (m, 1H), 1.06 (m, 1H), 0.96 (d, 3H, J = 5.6 Hz); **C NMR (100 MHz,
CDCls): 6 171.29, 161.45, 135.24, 134.45, 133.13, 131.48, 129.10, 127.58, 106.39, 93.54, 58.62, 56.06,
51.53, 50.42, 49.16, 46.61, 40.66, 33.61, 31.12, 28.59, 25.11, 25.06, 21.74; HRMS (ESI): m/z calculated
for CosHs,04Na (M*+Na) 395.2193, found 395.2207.

3-(tert-Butyl-dimethyl-silanyloxy)-2-(2,4-dimethoxy-benzylamino)-5-(6-{2-[4-(2,2-dimethyl-6-oxo-
6H-[1,3]dioxin-4-yl)-but-1-enyl]-4-methyl-1,2,3,3a,4,6a-hexahydro-pentalen-1-yl}-hexa-2,4-
dienoylamino)-pentanoic acid ethyl ester, 20

T 0

H /[~ \—OH 1. DMP, CH,Cl, HN

2. NaHMDS, THF, -78 °C to rt
> Me ‘., TBSO
Me H “y, oTBS 0 0O |
N0 EtOzC\_/'\/\N F~okt Et0,C”~ “"NHDMB

19 (SNg¥e) NHDMB H5 OEt 20 \_A~0

X 90% o7<o

Allylic alcohol 19 (5 mg, 0.0134 mmol) was dissolved in CH,Cl,. Dess-Martin periodinane (6.8 mg,
0.0161 mmol) was added and the reaction stirred for 10 min. The reaction was quenched for with
Na,S;03 doped NaHCO3. Once two clear layers were evident, the mixture was extracted with EtOAc (3
x 5 mL) and washed with saturated aqueous NaCl (10 mL). The organics were dried over MgSQO,,
filtered and concentrated in vacuo. The enal was used immediately without any additional purification.

The phosphonate 5 (10 mg, 0.0161 mmol) was dissolved in dry THF (0.25 mL) and cooled to -78 °C in
a flame-dried round bottom flask under Nyg. NaHMDS (0.12 mL, 0.0168 mmol, 0.135 M THF) was
slowly added and the bright yellow solution was stirred for 15 min. The enal was added slowly in THF
(0.15 mL) and the reaction was stirred at -78 °C for 30 min. The dry ice was removed from the bath and
the reaction warmed slowly for 30 min, followed by removing the bath for 15 min prior to quenching.
The reaction was poured into half-saturated aqueous NH4CI (5 mL) and EtOAc (5 mL). The mixture
was extracted with EtOAc (3 x 5mL) and the combined organic layers were dried over MgSQO,, filtered
and concentrated in vacuo to provide pure 20 (10 mg, 90%).

[a]o +70.0 (c 0.105, CHCI3); IR (thin film): 3303.51, 2955.86, 2928.51, 2854.30, 1733.22, 1662.91,
1635.57, 1616.04, 1467.60, 1377.76, 1201.98 cm™; *H NMR (500 MHz, CDCls): & 7.49 (dd, 1H, J =
15.0, 11.5 Hz), 7.44 (br s, 1H), 7.06 (d, 1H, J = 8.0 Hz), 6.41 (m, 2H), 6.02 (t, 1H, J = 11.5), 5.74 (m,
1H), 5.43 (m, 1H), 5.35 (dt, 1H, J = 15.5, 6.0 Hz), 5.27 (dd, 1H, J = 15.0, 7.5 Hz), 5.22 (s, 1H), 4.08 (q,
2H, J = 7.5 Hz), 3.94 (m, 1H), 3.78 (s, 3H), 3.77 (s, 3H), 3.68 (AB, 2H, Jas = 12.5 Hz), 3.40 (m, 1H),
3.32 (m, 1H), 3.29 (d, 1H, J = 6.5 Hz), 2.76 (m, 1H), 2.37 (m, 2H), 2.18 — 2.30 (m, 6H), 2.11 (m, 1H),
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1.99 (m, 4H), 1.85 (m, 1H), 1.77 (m, 1H), 1.65 (s, 6H), 1.06 (m, 1H), 0.95 (d, 3H, J = 7.0 Hz), 0.83 (s,
9H), 0.02 (s, 3H), -0.05 (s, 3H); 3C NMR (100 MHz, CDCly): & 171.38, 165.96, 161.33, 160.46,
158.62, 137.91, 135.02, 134.83, 133.10, 130.76, 128.27, 127.24, 124.64, 106.26, 103.72, 98.50, 93.39,
72.32, 60.78, 55.88, 55.30, 55.19, 51.37, 50.50, 49.05, 47.66, 46.55, 40.60, 35.27, 33.92, 33.53, 31.98,
29.64, 28.65, 25.60, 25.00, 22.64, 21.67, 17.80, 14.14, -4.59, -5.21; MS (ESI): m/z 857 (M"+Na), 835
(M*+H), 799 (M*+Na-C3sH¢0); HRMS (ESI): m/z calculated for C47H7oN20gSiNa (M*+Na) 857.4743,
found 857.4774.

Macrocycle 21

H O
HN H
HN
Me ., TBSO
H l 1.PhMe, 108 °C, 65% Me” f,,l HO
EtO,C~ “NHDMB 2. HF, MeCN, 0 °C, 96% EtO0,C—.
= (0] -
20 21 N<pume
0.__0O
7< 0O O

Amino-dioxenone 20 (8 mg, 0.0101 mmol) was dissolved in dry PhMe (1.0 mL) in a flame-dried round
bottom flask equipped with a cold finger. The solution was heated to reflux for 2 h. After cooling to rt
and concentration in vacuo, the oil was purified by FCC (50% EtOAc/Hex) to yield the macrocycle (5
mg, 65%).

The macrocycle (19 mg, 0.0243 mmol) was stirred in MeCN (0.5 mL) at 0 °C. 3 drops aqueous HF
(~0.0365 mmol) was added and stirring continued at 0 °C for 7 h. The reaction was diluted with H,O (5
mL) and EtOAc (5 mL) and transferred to a separatory funnel. The reaction was extracted with EtOAc
(3 x 5 mL) and the combined organic layers were washed with saturated aqueous NaCl (2 x 10 mL),
dried over MgSQ,, filtered, and concentrated in vacuo. Purification of the oil was accomplished with
FCC (100% EtOAC) to yield 21 (16 mg, 90%).

[a]p +122.5 (c 0.1550, CHCI3); IR (thin film): 3370.11, 2954.22, 2923.42, 2857.95, 1733.79, 1725.58,
1717.38, 1655.82, 1635.30, 1617.52, 1456.26, 1294.53, 1275.28, 1209.81 cm™; *H NMR (CDCl3, 400
MHz): 6 7.45 (dd, 1H, J = 15.2, 11.6 Hz), 7.15 (d, 1H, J = 7.6 Hz), 6.44 (m, 2H), 6.16 (t, 1H, J = 10.8
Hz), 5.88 (td, 1H, J = 10.8, 5.2 Hz), 5.79 (d, 1H, J = 15.2 Hz), 5.75 (t, 1H, J = 6.0 Hz), 5.62 (d, 1H, J =
5.6 Hz), 5.50 (d, 1H, J = 5.6 Hz), 5.17 (d, 2H, J = 4.0 Hz), 4.65 (d, 1H, J = 15.6 Hz), 4.50 (t, 1H, J =8.8
Hz), 4.21 (d, 1H, J = 15.6 Hz), 4.03 (m, 2H), 3.94 (m, 1H), 3.86 (d, 1H, J = 14.4 Hz), 3.82 (s, 3H), 3.81
(s, 3H), 3.70 (m, 1H), 3.51 (d, 1H, J = 14.4 Hz), 3.44 (d, 1H, J = 8.4 Hz), 3.22 (m, 1H), 3.02 (m, 1H),
2.52 - 2.72 (m, 3H), 2.40 (m, 1H), 2.20 — 2.34 (m, 4H), 1.40 (m, 1H), 1.06 (m, 1H), 1.00 (d, 3H, J = 7.2
Hz); *C NMR?® (CDCls, 100 MHz): & 204.42, 174.59, 167.77, 167.48, 161.54, 159.20, 159.16, 135.95,
134.92, 133.42, 132.76, 131.43, 130.06, 128.11, 124.25, 103.82, 98.80, 65.88, 63.89, 61.52, 55.63,
55.34, 53.93, 50.94, 50.57, 49.45, 48.82, 47.08, 43.38, 40.73, 36.00, 28.48, 32.14, 30.27, 27.40, 22.05,
14.16; HRMS (ESI): m/z calculated for CsgHsoN2OgNa (M*+Na) 685.3459, found 685.3457.

> Due to small quantities of material, >*C NMR data was extrapolated from HSQC and HMBC data.



Cylindramide A, 1

o~ o) NG O NG o)
" 4 HN " HN
HN NaOMe
Me™ [N HO Me TFA, 65°C Me "ul HO
—_—
O

H

65%

Freshly prepared NaOMe/MeOH (2.8 mL, 0.0706 mmol, 0.025 M) was added to the macrocycle 21 (16
mg, 0.0235 mmol) stirring in a flame-dried round bottom flask under Njg. The reaction was
vigourously stirred for 2 min and poured into a separatory funnel containing 1/1 pH 4 adjusted H,O and
EtOAc (10 mL). The mixture was extracted with EtOAc (3 x 5 mL) and concentrated in vacuo to
provide DMB-protected tetramic acid (13.0 mg, 90%) as a white solid.

[a]o +121.0 (c 0.1000, MeOH); IR (thin film): 3604.44, 3577.20, 2950.72, 2928.93, 2841.77, 1730.45,
1665.08, 1599.70, 1468.96, 1283.74 cm™; *H NMR (CDCIy/CD;0D, 400 MHz): & 7.34 (dd, 1H, J =
12.4, 12.4 Hz), 7.14 (d, 1H, J = 12.4 Hz), 6.41 (m, 2H), 6.14 (t, 1H, J = 10.8 Hz), 5.89 (td, 1H, J = 10.0,
5.6 Hz), 5.82 (d, 1H, J = 15.2 Hz), 5.60 (d, 1H, J = 5.6 Hz), 5.46 (d, 1H, J = 5.6 Hz),5.25 (m, 2H), 5.02
(d, 1H, J = 14.4 Hz), 4.31 (d, 1H, J = Hz), 3.99 (d, 1H, J = Hz), 3.78 (s, 1H), 3.75 (s, 3H), 3.74 (s, 3H),
3.53 (d, 1H, J =), 2.98 (m, 2H), 2.52 (m, 1H), 1.50 — 1.80 (m, 11H), 1.25 (m, 1H), 1.05 (m, 1H), 0.97
(d, 3H, J = 7.2 Hz); *C NMR?® (CDCI3/CD;0D, 100 MHz): & 168.18, 160.74, 158.64, 136.63, 136.03,
135.33, 133.97, 132.74, 131.64, 130.26, 128.40, 123.86, 104.82, 98.83, 70.41, 69.94, 55.71, 54.28,
52.05, 49.68, 49.49, 47.50, 40.59, 40.09, 36.59, 34.40, 30.88, 30.63, 28.70, 22.16; MS (ESI): m/z 663
(M*+2Na+H), 662 (M*+2Na), 661 (M*+2Na-H), 607 (M"+Na-CH30-H); HRMS (ESI): m/z calculated
for CagHasN,07Na; (M*+2Na) 662.3041, found 662.3055.

To the DMB-protected tetramic acid (6.5 mg, 0.0105 mmol) in a flame-dried round bottom flask
equipped with a cold finger under Ny was added TFA (1 mL) and the solution was immediately placed
ina 67 °C bath. After 10 min, the bright pink solution was concentrated in vacuo to provide a solid that
was purified by trituration (3 x 500 uL Et,0) and reverse-phase preparative HPLC (Zorbax SB-C18
column, 21.2 mm 1.D., 25 cm length, MeCN/H,0) to give cylindramide A (3.2 mg, 65%).

[o]o +128.0 (c 0.08, CHCIs); +152.0 (c 0.08, MeOH); IR (thin film): 2953.30, 2926.73, 2841.69,
2767.29, 2746.03, 2845.60, 1688.38, 1683.07, 1603.35, 1470.48, 1204.74, 1135.65 cm™; 'H NMR
(CD;0D, 600 MHz): 7.46 (dd, 1H, J = 14.4, 12.0 Hz), 6.24 (t, 1H, J = 10.8 Hz), 5.96 (m, 1H), 5.95 (d,
1H, J = 15.0 Hz), 5.68 (d, 1H, J = 5.4 Hz), 5.51 (d, J = 5.4 Hz), 5.35 (dt, 1H, J = 15.0, 7.2 Hz), 5.16 (dd,
1H, J = 15.0, 8.4 Hz), 4.01 (d, 1H, J = 7.8 Hz), 3.85 (d, 1H, J = 2.4 Hz), 3.52 (d, 1H, J = 13.8 Hz), 3.06
(9, 1H, J = 7.2 Hz), 3.04 (t, 1H, J = 8.4 Hz), 2.92 (t, 1H, J = 13.2 Hz), 2.68 (td, 1H, J = 12.6, 6.0 Hz),
2.41 (m, 1H), 2.35 (m, 1H), 2.30 (m, 1H), 2.13 (m, 2H), 2.07 (m, 1H), 2.06 (m, 1H), 2.02 (m, 1H), 1.65
(m, 1H), 1.39 (m, 1H), 1.34 (m, 1H), 1.09 (g, 1H, J = 11.4 Hz), 1.02 (d, 3H, J = 7.2 Hz); *C NMR
(CD;0D, 100 MHz): & 195.26, 176.13, 169.10, 135.83, 135.66, 132.32, 132.22, 132.12, 128.00, 123.47,

® Due to small quantities of material, **C NMR data was extrapolated from HSQC and HMBC data.
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69.56, 66.88, 53.63, 52.13, 50.04, 49.47, 48.55, 40.56, 38.25, 36.20, 31.10, 29.86, 27.66, 21.29; MS
(ESI): m/z 511 (M"+2Na-H), 491 (M*+Na+2H); HRMS (ESI): m/z calculated for C,7H33N;OsNay
(M+2Na-H") 511.2282, found 511.2447.

Table. Comparison of data for synthetic and natural cylindramde A

Natural (CDCI3/CD3;0D) Synthetic (CDs;0D)

"H § (mult, J) BCs | *H 8 (mult, J) Bc g’
1 - 194.3 | - 195.26
2 3.97 (5) 68.8 |3.85(d, 2.4) 66.88
3 3.96 (d, 7.7) 70.0 |4.01(d,7.8) 69.56
4a 1.55 (ddd, 14.3, 11.6,3.0) | 31.3 | 1.65 (m) 31.10
4b 1.43 (m) 1.39 (m)
5a 3.51 (dt, 13.7,3.7) 36.7 |3.52(d, 13.8) 36.20
5b 2.94 (ddd, 13.7, 11.6, 1.9) 2.95 (t, 13.2)
6 - - - -
7 - 168.4 | - 169.10
8 5.87 (d) 123.9 | 5.95 (d, 15.0) 123.47
9 7.48 (dd, 11.0, 15.0) 136.6 | 7.46 (dd, 14.4, 12.0) | 135.66
10 6.19 (t, 11.0) 128.7 | 6.24 (t, 10.8) 128.00
11 5.91 (dt, 11.0, 5.4) 136.6 | 5.96 (m) 135.66
12a 2.59 (ddd, 14.5,11.0,6.0) | 28.6 | 2.68 (td, 12.6,6.0) | 27.66
12b 2.29 (m) 2.35 (m)
13 1.33 (qdd, 8.5, 6.0, 3.0) 524 | 1.34 (m) 52.13
14 3.01 (tg, 9.5, 2.2) 544 |3.06(q,7.2) 53.63
15 5.62 (dt, 5.6, 2.1) 132.8 | 5.68 (d, 5.4) 132.32
16 5.47 (dt, 5.6, 2.8) 135.4 | 5.51 (d, 5.4) 135.83
17 2.39 (qq, 7.0, 2.0) 47.9 |2.41 (m) 48.55
17-CHs | 0.98 (d, 7.0) 222 [1.02(d,7.2) 21.29
18 2.11 (tdd, 9.5, 7.8, 2.7) 50.0 |2.13 (m) 49.47
19a 1.06 (g, 10.8) 40.9 |1.09(q, 11.4) 40.56
19b 1.99 (dd, 11.0, 7.8) 2.02 (m)
20 2.06 (q, 8.5) 49.5 |2.06 (m) 50.04
21 5.21 (d, 15.1, 8.5) 133.8 | 5.16 (dd, 15.0,8.4) | 132.12
22 5.29 (ddd, 15.1,8.4,5.7) | 131.3 | 5.35(dt, 15.0,7.2) |132.22
23a 2.25 (m) 309 |[2.13(m) 29.86
23b 2.07 (m) 2.07 (m)
24a 3.08 (t, 11.4) 354 |3.04(t,8.4) 38.25
24b 2.25 (m) 2.30 (m)
25 - 190.5 | - -
26 - 101.2 | - -
27 - 176.7 | - 176.13

" Due to limited sample, this data was obtained by HSQC and HMBC experiments.




T-0ST~-TZ22z-yow :OTTd
exnjeredues U TAWY
€IOUD :3ueATOS

sanutw T eWr3 T¥3oh

ZLOTET ©%T18 13

ZH T°'0 Butuepwoaq eutl
ONISSADONL Wivda 689PL9€°00S ‘TH  HAMASHO

suor3tiedex pI

ZH T°00Z.L Y3PTIM

288 000°€ ewry DoV
seexBep L 6T e8TNd

oes 00S°T Aerlep °“xerey

WMN IepTnog 3w OpwIoTo) FO AJTRIGATUA

[ / Vs
I
ug ®
, osdil
.o_/_ﬂz/:\/\/\
O O

S00Z T qea :pextnboy wieq




pelRInpom 91-ZLTYM suot3fIedex I¢

eJnuUTW T Wi} TwI0 uo ATSNONTFINOD ZH 0°000SZ YIPTM
E€I0-TET-Z-YoP® :OTTI ZLOTET ®2T8 14 gP 8¢ Xemod oes TI¢°T ewty -bov
eInjeIedwes IUSTAWY ZH z°1 Buyuepwoxq euyl LOBYLST 00¥ ‘TH RTIA00DIAA ge0xbep 0 Gy 98INd
€10QD tausatos ONISSAOONA WINT 8T668T9°00T ‘€10 SAWISEO oes 005°T Aelep °“xuiey
wdd 0z oy 09 o8 00T 0CT ovT 08T 08T
TSR TS N TS S W U U0 O S 0 T D0 O N0 HO T O S T U ST YT S S W U OO W T S SV AN T N AN A T W O M O
[y
1]
W =
s a
. o S s
] L ~
. - ®
» <
S -
w - o (- b4 ®
L Yowoo B a
& w 4 a 8 [T o
o - [
93 @
3 »n -
0P 3 2
[N
| o |
N o N ~
a N x )
o w % -
A (IR
® a
25
o
[y
H
o
~3
w
ug ®
' K
3 \Il/
®»
O O
!

WHN IOPINCH A OPRIOTOD 3O A3peaeatun €00Z 6T deg uUQNﬂ—BU‘ w3eq




6-ISPIVST®IP-TTEZ-YD® :OTTI
oxnjuIodmey IUSTAWY
£€1DdD :3ueayos

add 0 ‘T z

| I _ 1 1 L 1 _ A L ! 1 _ { | ]

eInufw T swy3 1e305
TLOTET O2f® Jd
ZH 1°0 Duyuepwoxq euyl

ONISEEOON ¥INA y89YL9E"00S ‘TH

14 ] 9

I I 1 { _ 1 I8 i ! ~ 1 L L t A

AAMRSEO

suot3tyedex LT

ZH T°00TL HIPTM

o®s 000°¢ ewyly “DoY
8001B8ep S°9Z e8INd
098 00G°T Awrep -xwiey

UHN IepTnod 3% OpRIOTOD 3O A3FsIeatun

1 | !

L S B B

auo-z-uipiozexo-jAzueg-4{(S)= 2X
. 6

SdlLo

V

S002Z 8Z uwy :pexgnboy wiwda




DET~TOPTRSTOIP-0ZZ2-~-YDW® :0TTd

sanjezedue) JUSTWMY

pejwinpow 9T-ZLTVYM
uo Arsnonuyjuocd

gp 8¢ IeMog

SO3NUTW , OWF] TWIOT
TLOTET ®2F® Id

suofagaedex 69T
ZH 0°000ST WIPTM
oes TT¢"T ewyy “boy

20 §°T Sujuepworq SuyT LOBYLST 00% ‘TH ¥I400DIA seezbep 0°S5y OsTNg
€TOAD :3meATOS ONISSIIONA VINA T8868T9°00T ‘€TI0 IAANISHO oe® 00S°T Awrep -xwiey
wdad 0z ov 09 08 00T 0zt oyt 09T 081
T T N U U T NN UV YT YOO 00 U VO S N N Y T S SO U O SO O OO U T O O S Y O S AT T A N T A0 U0 U0 N T N0 U N SN Y MO IO AN Y O O N O
[
[}
: 5
et w
a “
L 8
. o 0 - [
cLairlyy 8 S g
EG..._v!#g_Lm . w.r.v_
AR R R R » o A o
O RN - R a A
N S esBLveLy . =
’969950“ .
<93 4
[
N
[ ®©
oW
N oo
® w
©°
o
f 3
BUO-Z-UIPOZEXO-4AZUBG(S)= OX
_ Ll
[ . R
B S SdILO
g b3k > § 3
© w ©o o w
W -1 © »
© r < o
i

¥KN eprnod 3e OpPeIOTOD O A3FsIeatun

y00Z T€ dSeq :pexynboy wava




suotaFIedex LT

ejnuIw T Wil [w30) ZH T°00TL YIPTM

HI-9PTWNqRIVTOA-TZZZ-YOoRv :OTTd CTLOTET OXTE Id oe8 000°¢ swy3 °“boy
sInyvredwues) JUSTWY ZHE T°0 Butuepwoxq U1 seexlep §°9Z eHINg
£T00D :3USATOS ONISSAOONE VviIva Z8PPLIE"00S °‘TH AANISAO oes 000°T AwIep -"xeiey

wdd o T Zz € 14 S 9 L 8

AT SRS N S S AN N DU SRS S ! | ! ! } 1 _ I I L I L

m —a T

\\\\ I [ [

NN ISPTNOg 3¢ OPRIOTOD FO AJ¥sIeatun

S00Z 9 Tuwp :pexynboy wawa




polwInpow 9T-ZLTYM BUOTITIOASX TP6

seanutw py ewr3 TwIOL uo Arsnonuyjucd ZH 0°000ST YIPTIM
DET-OPTURQEITTON-TEZZ-YO® :OTTd ZLOTET ©2F8 14 dap 8¢ Temog oes TTE'T ewya -bovw
exnjuredne; InSTAWY 2R 0°y Sufuepwoxq SulT LOS¥LST 00 ‘TH =I140003Q seexBep 'SP OSINA
£10dD :3ueATOS ONISSEDON YING 8L868T9°00T ‘€ID ZTAWASEO oes 005*T AwTep ‘xwrey

mdd 0z oy 09 08 00T 0ZT (¢ A% 09T 08T

T T O O S O S5 O U Y S G OO O 0 U 0 O U T AN S S O

RO N A U NS N U SAA N SNV U A AU N U A UL D SO0 00 A O S S A T S S A AT BN SR

§zss$354ﬁ<sgds;ztitisgﬁtigJs4;g;€ﬁ31¥az:;J371;i§3XfJ ;i:i;i;:;&}tt:esztiftz&;x;x;zsxstsz?J14;}1aty;rfsi;;z4sr;:ss:;;t;zz:;{pztszzzs;:ttr

™Y
3
w wm
b i
b b
~3
[
w
ﬁ -
- ) N9
| e It h
- . _ L] o
_ » N <
_ e = 0 w
[ S
AR P
N
nS sl n | * H
~ ® |
o >

8ZS°6¢E
68T° LY

SE6°TIT

93083
L89°9L—
vIe LL—

UNN ISpTNOE 3V OPIOToD 3O A3FEreatun S00Z 9 wep :pexEnbov wawq




suoTaFIedex LT
ZH 9°0009 Y3IPIM
TLOTET ©3T8 Id 098 000°¢ ew}3 “boy
2H 1°0 Suruepwoxq Uyl se0xbep Z°gZ e8INg
ONISSIOONE YIVa 9SELYST 00? ‘TIH AAgASEO oes 00G°T AWIepD °xwerey

. ejnutw T ewy3 TwIo
HT-¥90-TZ22~-4Ydw :OTTd

exnjereduwesy jueTqumy
€TOQD :3ueATOR

i\\ j 1 \ /) \\

WNN IOpTNOg 3I® OPRWIOTOD JO AJfsaeatun G002 1T uer :pexynboy wiwq




DET-PP0-T222-YOW :OTTI
sanjvzedwes JUSTWY
£T00D IUSATOS

wdd (114 oy 09

ST VOO N O A T A U U NN O T AN Y A0 NG SN 0 N0 Y N O AW NS0 W A OO A A O O RO

gejnuim P OW[3 TWIOL
TLOTET @218 Ld

ZH z°1 Suruepworq eulT
ONISSEOONA WIVA

08 001 0ZT

pPojeTnpow 9T-2ZITIYM

uo Arsnonupjuos

gp 8¢ Iamog
LOSYLST 00% ‘TH TIANODAA
PL868T9°00T ‘€T JAWASEO

ort 09T

saot3tiedex G0€

ZH P°T008Z YUIPTM

oeg TTE°T oWyl “bov
s00X080D (°GYy eEINg

o8s 005°T Aerep ‘xerey

08T ooz

pdave b g b b b b b b d e g Ly

ij}

\

960°8E—
880°6€
€LE"LY—
0Z9° LS
8zL 79

0ZS° 99—
6S8°9Y

6T6°TT
60097

¥NN IepTnog 3% OpewIoTod 3o AjgsIsafun

)

989°9L—

SdiLO

S00° LL

€TE LL—

89E°LZT

LYZ TET—
TB8E SET
T8Z 8ET—

T e e

9s1° 002

S00Z IT wep :pexyndoy wiwa




IOWOBTO-9TT~EZZZ-YOR® :OTTd
exnjuzeduey JUSTUY
€TOAD :jueATos

wdd o T

1 L _ 1 { I 1 h 1 i m

sejnuIw T ewI3 w305
CLOTET ©ZT8 Ld

ZH T°0 Suruepwvoxq OUTI
ONISSEOO¥d YIva

88PPLIE"00S ‘IH HAATASEO

mﬁOﬂDHUOQOH €Z

ZH P 66TL UIPTM

098 000°€¢ w3 °“bovy
seoxfop L°6T oBINd

oes8 00S°T LeTep -xuerey

WHN IepINog 3® OpwIOTOD IO AJTSISATUA

ey

/)

§00Z § AwK :peafnbov wiwqg

v




pe3vINpoOw 9I-ZLTIVM suoT3TIedex gIZT

se3nutw LG SWT] Tw30lL ao ATsnonurauod ZH L°66697Z YIPTM
PET-IGWOBTO-9TT~ETZZ-YOW :OTTd ZLOTET 278 1Ld gp 8¢ Iemog o8 TTE'T oWyl “Dov
exnjeredwely JueTAWY ZH 7°'T Sutuepwoxq euyil LOSPLST 00Y ‘TH a14an0dAA geoxfep 0°'Sy esIng
€TOdD :3ueATOg ONISSIDOUd WiIva €2968T9°00T ‘€ID IFAVASHO oe8 00S°T Awyep -xerey
wudd oc oy 09 08 00T 02T oyt 09T 081 ooc
U S A SR A AT N SO A N T AU A AN NN O N S AN U A A AT SV NI SO ANV S I A S ST A N AN O A et v b bt
H
N
s B
H = v
2 5 g5 P 2
L .
: 58 " )
9 AN 2 i Ll g &
. _ | 2w 3 S LhEG °
5 Llelagi® e Q&
H voNuwwl 2. a 4w
™) O H o O
e danmaow w © o
NE L,48°3S?
N B 8
b oo
v o
a

€0Z°21

8Z°8T
BES HL—
€LSTLL—

UHN IOPTNOH 3I¥ OPRVIOTOD 3JFO Katsaeatun S00Z 9 AeN :pexfnboy wieq




sgoratriedex Lt

93NUIW T SWT3 Tw3IOL ZH 9°0009 HIPTM
ZLOTET ©ZT8 14 o088 000°¢ owry ‘bovy

ZH T°0 Butuepwvwoxq eUTTI

HI-€-990-€T%2-Ydoe :0TT4
exnjexeduey jueTquy

seexfep z°gz OSTNd
€100 :JAUSATOS ONISSED0HEd YIYd SSELPST 00? ‘TH FAYASEO oes 006°T Aeiep -xeiey

wdd 0 T (4 € 4 S 9 L
1 i H i 1 | ] ; L i ! 1 “ L ! i 4 lg:. i { i ,r ) SN L i 1 I L 1 _ i 1 L It _ |

yos \\\\ / / e

¥HN IepTnog 3w OpwIOTod Fo A3fsasatun §00Z LT XAV :peafnboy wiwg




gejnuyw § ewyy TwIOL

pe3vInpow 9T-ZLTVM
uwo Arsnonutjuod

suotataedex Lg
ZH 0°000ST YIPTM

DET-990-€T2Z-yow :OTTd TLOTET OXT# 1L ap 8€ I0M0g 068 TTE"T ewyl Doy
sxnjvIeduwey IUSTAWY 2ZH 0°Z Sutuepwoxq euyl LOBYLST 00¥% ‘TH dId00DdQ seexfep (°Sy e®Ind
£€TOAD :3TGATOS BNISSIAD0NE YIYA TT668T9°00T ‘£TIO IAWISHO D8 00S°T Aerep -“xwiey
wdd 0z oy 08 08 00T 0zt ovT 091 08T
T T N N A O 00 0 A 0 MU OUEN N Y Y B O 0 l T U S S U N U IO N N A0 S SN AN AN SV URVND AN EN OO0 SO0 VNN A B A N R A
— - . - . B g . S~ s " " . " - " vk o
E‘J Y s Y i yﬁ s b At v Y - - é. ﬁ w
o
0 s ) 3
u N w a ﬂ R "
LY w . I - w
_ ta3 2 & 2 BBb o 3
~ ~
& sg3 BBy
N w H T
n o = J nm bW
N @ .
- s ° w _ e | or 2
nQ * > % 3
« 3 &
] -

€T6°TT

986 LT —
60L°TT—
996°vZ—
6T9°EE—
6TS LE—
YELTOY—
6099y —
866" LY —

WKN IepINnog 3¢ Opexo1od 3Fo A3fsIeatun

S00Z LT IAY :peatnboy wava




HT-€T0-ZZZZ-gdw :OTTa
eanjzereduwes JUSTAWY
£1IDdD :3UGATOS

wdd o 1

P SN FR N S TSN WU EN T N

ejnutw T ewyly V0L

TLOTET OZF8 1d

zH T°0 Sutuepwoxq eulI
ONISSADOEd VYIvVd PSELPST 00 ‘TH

FANASHO

suotrataedex 91

ZH 9°2009 YU3IPTM

oes €66°Z ewtl °bov
geexBep Z°gT o8INnd

oes 00SG°T AvTep ‘“xeiey

¥KN IepTnog 3w OpwIoToD JO A3fsxeatun

S00Z 6T IVH :pexTnboy¥ wiwd




€TO-£T0-2Z%ZZ-yow :0TTd
sanjuIedwes) IUSTAWY
£TOAD :UGATOS

803NUTW £T OWF} T¥IOL
TLOTET ©2F8 L
ZH z°'1 Butuepwoxq eurl

ONISSIAOONd YIYA

pejuInpow 9T-ZLTIVM

uo Arsnonupizuco
gp 8¢ Ieamod

LOSPLST 00y ‘TH TId400D3A
ZTI668T9°00T ‘€TD IAMISHO

suotatiedex 182

ZH 8°L00SZ YUIPTM

oes (TE'T oWyl “bOV
#002180p (°59 esIng

oe8 00S°T AwTep -xwiey

wudd 114 or 09 08 00T ozt (1] A 091 08T
SIS TR NN SRS T DONNN TN T N N SN SN W NS Y RO B A A B Y AR SNSRI N N AR AN U I T S S O VYT T O T AV T T T T T T AN TR Y NN Y B O O
Bt 0 1 s N I Mt |
[
o
-
a
o e
o ~3
-
s
(=Y
0
nL Y 3 ;
N o w
o » e
| E = -
Ny S _
i _ w 2o
° | I | | | R e w.
® woy | _ w e 2albr » ® 2
S apo® 8820 Lo v
o o M o W ﬁ 0
A R R A
Seggasesta

VKN IepINOdg 38 OPRIOTOD 3O A3TBIGATUA

T89°9L—

000" LL
STE LL—

S00Z 6Z IWK :pexTnboyY w3eq




Z-0ST-2ZZZZ-Ydo® :OTTJd
sxnjeredumoy) JUeTqWY
€TOAD :3UGATOS

e3nuTW T OWf3 Te3I0L
TLOTET OZT8 LI

ZH 1°0 Butuepwoxq ouIT
ONISSEDOUd YivaQ

68YPL9E°00S

‘TR EANASHO

suotT3yTiedex 91

ZH $°66TL YIDPTM

oes 000°¢ ewy “bov
seexbop L°6T osInd

008 00S°T AeTep °“xwrey

I ja

WWN I0PTNOF 3® OPRIOTOD O A3jerestun

)

ﬂij

R\:\

L

/

S00Z 0f Iwi :pexTnhdoVY wawq




pelvinpowm 9T-ZLTYM BUCTITIOASX GPT

se3nuTmM L owI3 Tw3oL uo ATsnonuijuod ZH 8°L00SZ YIPTM
OET~0ST-2T22-qov :OTT4 TLOTET ©ZT8 1L gp 8¢ T8M0d oes 0TE'T ewr3 "bov
ernjuxedusy JueTquWV 2B Z°'1 Sutuepwoxq eyl LOSYLST 00Y ‘TH @140n0DAA seexBep (°'Sy esINaA
€TOAD :IUGATOS HNISSIADOEd Yava ¥8868T9° 00T ‘€TO FANISHO oes 00S°T 4AevTep -“xeyrey
wdd 0 14 oy 09 08 00T ocT orT 09T 08T
7__—»__,___h_*__~‘___;__k____—_wf____;.____>‘__*__*‘__*_—A*_wk*>_%____i‘7__A_.__*_kkkv___,___‘FM__HW____**F_**
o »
Lol
0 s - 5 o b
w @ b © w8 8
| S A : :
L b e Ha e © 2 B ooy, a
oo | N w o _Mc.c_w.. © J 8 eb
SR | 2P0 2 Rab N S
wog " ha p- SR I Y wonw -
N O VW o . @ ® WM. g oa b ® 5 v g
NN b v R o ® w B v © S
® o 5_’0
Y N

LOS T~

L89°9L—
S00°LL
yTELL—

WNN IepTnog 3% OpevIoTod FO A3FsIearun $00Z 0F TN :peITnboy w3




YBTIY-ZTOD-$Z0-~£222-4Yd® :0TTI
sinjeredwe) JueTquy
€10@0 :3ueATOgs

udd o T

] 1 _ I 1 1 1 _ i ) 1

e3nuTw T SWT3 IW3oL
ZLOTET OZF8 Ld
ZH T°'0 Buiuepwoxq eurl

ONISSEDO¥d YiIYd 88PVPLIE"00S

suotratTiedex gy

ZH ¥ °66TL HWIPTM

088 000°€ Wil °“bov
seoxfop (°6T o8Tnd

‘IH FAYASEO 098 00G°'T ARTep ‘xeiey

WNN XepINOd 3% OPRIOTOD FO AJFSISATUN

§00Z ¥ IAY :pexTnbov w3iwa




DET-ZTTOD-PTO-€T2Z-Yow OTTd

sejnufw Ty ewy3y TeIol
TLOTET ©2T8 1d

pejunpow 91-2ZLTYM
uo Arsnonufjuod

€p 8t IeMod

suotafiedex 088
ZH 0°000SZ YIPTM
oes TTg'T ewfs *boy

sanjuredwes IUSTUY ZH (0 °Z Butuepwoxq euyll LOSYPLST 00V ‘TH wI4anodiAA seexlep 0°SP esTNA
€IDAD :3ueATOS ONISSHADOEA VIVA 0L868T9°00T ‘€1D IAAMIASHO oes 00S°T Aewrep °xerey
wudd 1414 ov 09 08 00T 02T ovT 09T 08T
T O T T O S T Y O S B A B “ bvvaad e oo b i gty b gl
-
2 5
© - - . =
w 5 w > .
. w - »
- | w o | ] vi @ 0
| YU EEY: 2 i LBy "
N . [
B o edl alanlae : L ]
LleeHE8 8588 a20 wss S8
w B uoaa o ke o w o 3 s ow
oV oah o QS pouw R SRR SR
o b Y ugp S o e ow b
g @ "

WHN IepInog 3% OpPwIoTo) 3O A3FsIeAtun

L899 L—

yTE LL—

§00Z § dy :pextnbovy w3jeq




893NUTW § SWT3 TWIOL
9€6G9 OZT8 L4

ZH 1°0 Buyuepwoxq euTl
ONISSADONA YIvda

udd 0 T (4 £ 14 S

| I _ 1 { { i ' 1 { 1 ; ﬁ ] 1 ) 1 " { ) 1 | * ) { 1 1 _ 1 1 L 1

Z-2TAY-0¥0-6TZZ-4ow :0TTd
exnjereduey JUSTAWY

€100 :3UATOS €8PVPLIE"00S

‘TH

suotatiedex pL
ZH T°00ZL Y3IPTIM
oes 000°€ ewt3 °bovy
s00IBOp G°9Z eBINg

FAMASHO oes 000°'T AeTep °"XevTeY

1

fpr

o O

0oNF 0z

GNGHN, 0%

’
‘e

‘e I
‘.

osgalL

WHAN IepInod 3w OpPRIOTOD 3FO A3TsIeATun

g\\\\\ e

\ 4

v00Z{9Z desg :pexTndboyY wvieq




O¢T-6ET~€ZZZ-Yow :OTTd
sanjuxedues JueTquy

SONUTW TZ SWT] T¥IOL
TLOTET ®2F® Id
ZH §°0 Butuepworq suyl

LOBYLST 00Y

pej3RInpow 9T -ZLTIVYM
uo Arsnonurjucd

gP 8€ Temog

‘TH T"1AN0DIA

suofatiedex gy
ZH 0°000SZ WAPTM
oes TTE'T ewyy ‘boy
seex1Bep (°Sy OBINd

¥NN ISepPINod 3¥® OpRIoTod 30 A3TsIeAtun

£IOAD :3IUGATOS ONISSITOONd YLVa 80668T9°00T ‘£ID HAYASHO oes 005°T Awtep -xeley
udd 0 11 X4 0] 4 09 08 00T 02T o1 09T 08T
Lot bt s oot v bt bvvn b v b T AU RO A N NN A S N A N NSO AV N A AT S U O S AN N S N O AU A A A B A AR SO
_ d
! \
|
fy
]
N
) b -
o Liy 10 Bhlegh
e | 8w | ®»c o0 d R
LI | . a N B W oL D
bl ] PNN PR OY G e | 20 WweY
) _ s NN 2 oaw BSCSI-
= Y TP RSN
e HE S - IS
| T Ll w e oo
AR R : °B g
i._.,_“unw_ Seh 2 e
-
I
v N aow B
AEEE
s o
O O
@)
8WaHN,, _0%013 0c
—:. I
osaL °N
o NH
[N u w
o .
o
b
A O O A A O O
NWWWwWwWweasdeAl UGB U R NN NN
W EHWW®NONANWOKRUGLBOWNA NN
D D0 UL NL LD R W RN ®AdWwa O W
N0 W NNV H e RO ® YV OO ®ON
H O O O B B & O O W ®O WO OGN O ® N W N U0 &

$00Z ZT Al :pexynboy wiwvq




suotatiedex »9

ZH 9°0009 JIPT™
CTLOTET ©ZT8 14 D88 00§°¢ ewTy °*boy
ZH Z°0 Butuepwoxq surI

S03NUTW P GWT] TWIOL
1€y~ L30de-D11dexd-660-€Z3Z-Yd® :OTTd

exnjexeduwes JuSTqUWY

seexfep ('SP OSTNd
£TOQD :3UBATOS ONISSEOOYd VYIva ESELYST 00 ‘TH AANASEO 088 005°0 AwTep “xwiey
wdd o T Z € 14 4 9 L 8

i 1 M | 1 { 1 _

e \\ \\\\\\\\\\ [ \\ 7

WHN 20pPTNOg 3% OPRIOTOD IO L3Tsasatun S00Z LT XAY :peaynboy wiwa




wudd
L

1

} ‘v oprwepulho

/ /

0?0 wo/wdd

L°99T/£°LZ- dAx/AT

CZLOTET u3

0s°0 qt
{gx9joueIvg BUTS8sed0xg

LZT/PZOT 3ID/3m

o/y ss8/sq

QJ08 000°€ e

00zZeYy da

oes 00S°T P

oesn 0T°Z nd

(mdd 68€°9T) ZH T 00ZL L

L ELT 303

aoead :ausayog

ZHW ZLE'00S 2% TH :SNOTOMNN
1g1030WRINE UOTATSTADOY

S00Z ST Awn :e3jwa
(v3uq uetIvA) PT3 " OPYWRIPUTTAD :0TTZ

Indzs :ecuenbeg esingd
eqoxd N¥ OVNOTIVN

sIejeueIRg UO30IZ DPIWPURIS
00S-%AOUI TETIVA €D0






