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Preparation of Sulfone 5

d a. DIBALH, CH.,Cl, d
~78°C, 1 h, 96%

b. PhSOZH, CaC|2
BnO CSA, CH,Cl, BnO

OMe 6 25°C,4 h, 82% OMe 5

[DIBALH Reduction] To a cooled (-78 °C) solution of lactone 6 (298.7 mg, 0.915 mmol) in
CH,ClI; (5§ mL, 0.183 M) was added dropwise DIBALH (1.10 mL, 1.0 M solution in toluene,
1.10 mmol). After being stirred at the same temperature for 1 h, the reaction was quenched
with MeOH (0.5 mL). H,O (2 mL) and 2 N NaOH (2 mL) were added and the resulting
mixture was stirred at 25 °C for 1 h. The layers were separated, and the aqueous layer was
extracted with CH,Cl, (2 x 10 mL). The combined organic layers were dried over anhydrous
Na,S04, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexanes/EtOAc, 2/1) to afford lactol (287.1 mg, 96%) as a colorless oil.
[Sulfonylation] To a solution of stirred solution of the above lactol (142.3 mg, 0.433 mmol) in
CH,Cl; (5 mL) was added PhSO,H (123.1 mg, 0.866 mmol), camphorsulfonic acid (catalytic
amount), and CaCl, (140.0 mg) at 25 °C. After being stirred at the same temperature for 4 h,
the reaction mixture was quenched with saturated aqueous NaHCOs3 (5 mL) and diluted with
EtOAc (10 mL). The layers were separated, and the aqueous layer was extracted with EtOAc
(2 x 10 mL). The combined organic layers were washed with brine, and dried over anhydrous
Na,S04, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexanes/EtOAc, 2/1) to afford a 3:1 diastereomeric mixture of sulfone 5 as a white
foam (161.3 mg, 82%): [For Major Diastereomer] R¢ 0.40 (hexanes/EtOAc, 4/1); 'H NMR

(400 MHz, CDCl3) § 7.93 (dd, J = 8.0, 1.2 Hz, 2 H), 7.61 (dd, J = 7.2, 7.2 Hz, 1 H), 7.53 (dd, J
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= 8.0, 7.2 Hz, 2 H), 7.26-7.41 (m, 5 H), 6.79 (d, J = 8.0 Hz, 1 H), 6.60 (d, J = 2.0 Hz, 1 H),
6.56 (d, J=8.0,2.0 Hz, 1 H), 5.50 (d, J = 8.8 Hz, 1 H), 5.11 (s, 4 H), 5.05 (d, J = 7.2 Hz, 1 H),
3.84 (s, 3 H), 2.84-2.96 (m, 1 H), 2.38-2.50 (m, 1 H), 1.56 (d, J = 7.2 Hz, 3 H), 0.68 (d, J =
6.8 Hz, 3 H); '>*C NMR (100 MHz, CDCl;) & 149.3, 147.5, 138.4, 136.9, 133.5, 132.6, 129.0,
128.8, 128.4, 127.7, 127.1, 118.6, 113.6, 110.3, 96.1, 86.0, 70.9, 55.9, 43.5, 42.2, 14.3, 12.1;
HRMS (FAB) found 452.1656 [calcd for CasHpsOsS (M) 452.1657]

Preparation of 2,3-Cis-3,4-Trans-4,5-Cis-Tetrahydrofuran 3a

trans

ArMgBr .
d ZnBr,, “THE C'S( <_£>cus - f Ar = %y
Ar‘\\\ \ W /,/, O

0~ “so,ph 25°C,1h Ar" Ar B
5

88%
’ 3a  [2:1] 3b OMe

To a solution of ZnBr, (I mL, 0.26 M in THF) was added dropwise 4-benzyloxy-3-
methoxyphenylmagnesium bromide (1.66 mL, 0.30 M in THF, 0.50 mmol) at 25 °C and the
resulting mixture was stirred for 30 min before sulfone 5 (98.1 mg, 0.217 mmol) in THF (2
mL) was added dropwise. After being stirred for 1 h, the reaction mixture was cooled to 0 °C,
quenched with saturated aqueous NH4Cl, and diluted with EtOAc. The layers were separated,
and the aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers
were washed with brine, dried over anhydrous Na,SO4, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexanes/EtOAc, 4/1) to afford a 2:1
mixture of  2,3-Cis-3,4-trans-4,5-cis-tetrahydrofuran 3a and 2,3-cis-3,4-trans-4,5-trans-
tetrahydrofuran 3b as a colorless oil (102.1 mg, 88%), which was purified again by column

chromatography (silica gel, hexanes/EtOAc, 7/1) to afford 2,3-cis-3,4-trans-4,5-Cis-
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tetrahydrofuran 3a (59.2 mg, 52%) and 2,3-cis-3,4-trans-4,5-trans-tetrahydrofuran 3b (28.3
mg, 25%) and a mixture of 3a and 3b (12.0 mg, 11%): [For 3a] R¢ 0.43 (hexanes/EtOAc, 4/1);
[a]**'p ==35.3 (c 1.00, CHCl3) 'H NMR (400 MHz, CDCls) § 7.24-7.45 (m, 10 H), 6.84-6.86
(m, 4 H), 6.76 (d, J = 8.0 Hz, 2 H), 5.41 (d, J = 5.6 Hz, 2 H), 5.14 (s, 4 H), 3.89 (s, 6 H), 2.19-
2.29 (m, 2 H), 0.68 (d, J = 6.4 Hz, 6 H); °C NMR (100 MHz, CDCls) & 149.7, 147.3, 137.6,
135.0, 128.8, 128.1, 127.6, 118.7, 114.1, 110.5, 83.8, 71.5, 56.4, 44.3, 15.1; HRMS (FAB)
found 524.2570 [calcd for C34H3605 (M) 524.2563]; [For 3b] Ry 0.40 (hexanes/EtOAc, 4/1);
[a]*°p = —20.1 (c 0.80, CHCl;); '"H NMR (400 MHz, CDCl3) & 7.28=7.47 (m, 10 H), 7.10 (d, J
=1.6 Hz, 1 H), 6.98 (dd, J = 7.2, 2.0 Hz, 1 H), 6.80-6.91 (m, 4 H), 5.18 (s, 2 H), 5.15 (s, 2 H),
5.12(d, J=8.4 Hz, 1 H), 4.42 (d, J=9.6 Hz, 1 H), 3.92 (s, 3 H), 3.85 (s, 3 H), 2.55 (dddd, J =
9.2,7.2,7.2,7.2 Hz, 1 H), 1.74-1.82 (m, 1 H), 1.07 (d, J = 7.2 Hz, 3 H), 0.67 (d, J = 6.8 Hz, 3
H); *C NMR (100 MHz, CDCl3) & 149.6, 149.2, 147.7, 147.1, 137.2, 134.4, 134.0, 128.44,
128.41, 127.7, 127.23, 127.18, 119.1, 118.5, 113.9, 113.6, 110.9, 110.5, 87.2, 83.0, 71.0, 55.94,
55.87, 47.7, 45.9, 14.97, 14.88; IR (neat) 2955, 2869, 1511 cm'; HRMS (FAB) found
524.2571 [caled for C34H360s (M) 524.2563]

Preparation of 2,3-Cis-3,4-Trans-4,5-Cis-Tetrahydrofuran 10a

trans

PhMgBr .~ : - e
Ar =
d ZnBr,, THF C'S( d>c's ¥ d
Art 07 TSOPh T T A N0 Ph AT 07 Ph | Bo

5 68% 10a [3.5:1] 10b

OMe

To a solution of ZnBr, (1 mL, 0.12 M in THF, 0.12 mmol) was added dropwise
phenylmagnesium bromide (0.19 mL, 1.0 M in THF, 0.19 mmol) at 25 °C and the resulting

mixture was stirred at the same temperature for 30 min before sulfone 5 (21.9 mg, 0.048 mmol)
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in THF (1 mL) was added dropwise. After being stirred for 1 h, the reaction mixture was
cooled to 0 °C, quenched with saturated aqueous NH4Cl, and diluted with EtOAc. The layers
were separated, and the aqueous layer was extracted with EtOAc (2 X 10 mL). The combined
organic layers were washed with brine, dried over anhydrous Na,SOs, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexanes/EtOAc, 4/1) to
afford a 3.5:1 mixture of 2,3-Cis-3,4-trans-4,5-cis-tetrahydrofuran 10a and 2,3-cis-3,4-trans-
4,5-trans-tetrahydrofuran 10b as a colorless oil (12.7 mg, 68%): [10a] R¢ 0.31 (hexanes/EtOAc,
9/1); [a]*’p = =30.1 (c 0.64, CHCl;); '"H NMR (400 MHz, CDCls) & 7.24-7.46 (m, 10 H), 6.90
(s, 1 H), 6.89 (d, J =8.4 Hz, 1 H), 6.79 (dd, J = 8.4, 2.0 Hz, 1 H), 5.50 (d, J = 6.8 Hz, 1 H),
5.46 (d,J=6.4 Hz, 1 H), 5.16 (s, 2 H), 3.92 (s, 3 H), 2.22-2.36 (m, 2 H), 0.70 (d, J = 6.8 Hz, 3
H), 0.68 (d, J = 6.8 Hz, 3 H); *C NMR (100 MHz, CDCls) & 149.3, 147.0, 141.4, 137.3, 134.7,
128.4, 127.86, 127.70, 127.3, 126.8, 126.2, 118.4, 113.8, 110.2, 83.69, 83.57, 71.1, 56.0, 43.83,
43.75, 14.69, 14.61; IR (neat) 2962, 2873, 1512 cmﬁl; HRMS (FAB) found 388.2040 [calcd for
Ca6Ha303 (M) 388.2038]; [10b] R¢ 0.29 (hexanes/EtOAc, 9/1); [a]*’p =—=73.7 (¢ 0.89, CHCls);
'H NMR (400 MHz, CDCls) & 7.26-7.53 (m, 10 H), 6.93 (d, J = 1.6 Hz, 1 H), 6.81-6.88 (m, 2
H), 5.15 (s, 2 H), 5.14 (d, J=10.4 Hz, 1 H), 4.47 (d, J =9.2 Hz, 1 H), 3.88 (s, 3 H), 2.20-2.32
(m, 1 H), 1.74-1.84 (m, 1 H), 1.08 (d, J = 6.8 Hz, 3 H), 0.65 (d, J = 6.8 Hz, 3 H); °C NMR
(100 MHz, CDCls) 6 149.3, 147.2, 141.0, 137.3, 134.4, 128.47, 128.37, 127.74, 127.61, 127.3,
126.4, 119.2, 113.7, 110.9, 87.4, 83.1, 71.1, 55.9, 48.3, 46.1, 15.0; HRMS (FAB) found

388.2035 [calcd for CasHps03 (M) 388.2038];
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Preparation of Sulfone 9

”

& a. DIBALH, CH,Cl, 4_7\%

. ~78°C, 1h

WNgS0 8°C, “"Ng fS0,Ph
b. PhSO,H, CaCl, 11

BnO CH,Cl,, 25 °C, 1 h BnO 1]

oMe 8 79% for 2 steps ome 2

[DIBALH Reduction] To a cooled (78 °C) solution of lactone 8' (272.5 mg, 0.872 mmol) in
CH,Cl; (10 mL, 0.087 M) was added dropwise DIBALH (1.02 mL, 1.0 M solution in toluene,
1.02 mmol). After being stirred at the same temperature for 1 h, the reaction was quenched
with MeOH (0.5 mL). H,O (2 mL) and 2 N NaOH (2 mL) was added and the resulting mixture
was stirred at 25 °C for 1 h. The layers were separated, and the aqueous layer was extracted
with CH,Cl, (2 x 10 mL). The combined organic layers were dried over anhydrous Na;SOs,
and concentrated in vacuo. This crude lactol was carried to the next step without further
purification. HRMS (FAB) found 314.1517 [caled for CjoHnO; (M) 314.1518]
[Sulfonylation] To a solution of stirred solution of lactol in CH,ClI, (2 mL) was added PhSO,H
(495.9 mg, 3.488 mmol) and CaCl, (193.5 mg, 1.74 mmol) at 25 °C. After 1 h, the reaction
was quenched with saturated aqueous NaHCOs; (5 mL) and diluted with Et,O (10 mL). The
layers were separated, and the aqueous layer was extracted with EtOAc (2 x 10 mL). The
combined organic layers were washed with brine, and dried over anhydrous Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 2/1) to afford a 1:1 diastereomeric mixture of sulfone 9 as a white foam (302.5
mg, 79%): Ry 0.50 (hexanes/EtOAc, 2/1); IR (neat) 2928, 2869, 2870, 1513 cm'l; HRMS

(FAB) found 438.1501 [caled for CagHasOsS (M)" 438.1501]
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Preparation of 2,3-Cis-2,5-Trans-Tetrahydrofuran 11a

.
-

B ArMgBr . .
cis g cis -
“O""SO Ph ZnBrz, T ( \& + (\\Z B/, Ar = L&L
Ar "0 2 25 °C 3 h Ar'y 0" 4ATY Arty 0" 4 Ar
75% /S \/ BnG
9 trans [20:1] cis OMe
1lla 11b

To a solution of ZnBr, (I mL, 0.771 M in THF) was added dropwise 4-benzyloxy-3-
methoxyphenylmagnesium bromide (4.28 mL, 0.3 M in THF, 1.28 mmol) at 25 °C and the
resulting mixture was stirred at the same temperature for 30 min before sulfone 9 (112.9 mg,
0.257 mmol) in THF (2 mL) was added dropwise. After being stirred for 1 h, the reaction
mixture was cooled to 0 °C, quenched with saturated aqueous NH4Cl, and diluted with EtOAc.
The layers were separated, and the aqueous layer was extracted with EtOAc (2 x 10 mL). The
combined organic layers were washed with brine, dried over anhydrous Na,SOs, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 7/1) to afford 2,3-cis-2,5-trans-tetrahydrofuran 11a as a colorless oil (102.1
mg, 75%): Re 0.68 (hexanes/EtOAc, 3/1 developed twice); [a]*p = —73.7 (¢ 0.89, CHCL;); 'H
NMR (400 MHz, CDCls) 8 7.27-7.45 (m, 10 H), 6.76-6.97 (m, 6 H), 5.31 (dd, J=7.2, 7.2 Hz,
1 H), 5.30 (d, J=6.4 Hz), 5.15 (s, 4 H), 3.90 (s, 6 H), 2.58 (ddddd, J=6.4, 6.4, 6.4, 6.4, 6.4 Hz,
1 H), 2.16-2.19 (m, 2 H), 0.70 (d, J = 7.2 Hz, 3 H); °C NMR (100 MHz, CDCl;) & 149.5,
149.2, 147.0, 146.8, 137.5, 137.1, 133.7, 128.2, 127.5, 127.1, 127.0, 118.0, 127.2, 113.8, 113.6,
109.9, 109.1, 83.9, 79.0, 70.9, 55.8, 42.7, 38.2, 14.8; IR (neat) 2932, 1510 cm '; HRMS (FAB)

found 510.2401 [calcd for C33H3405 (M)+ 510.2406]
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Preparation of Lactone 12
a. Eschenmoser's salt
& LIHMDS, THF, —78 °C
W (0] 30 min ' (0]

BnO b. m-CPBA, NaHCO3 BnO
THF, 25 °C, 30 min

OMe g 80% for 2 steps OMe 12

[Mannich Reaction] To a cooled (—78 °C) solution of lactone 8 (83.7 mg, 0.268 mmol) in
THF (2 mL, 0.134 M) was added LiIHMDS (0.536 mL, 1.0 M solution in THF, 0.536 mmol).
The resulting mixture was stirred at the same temperature for 30 min and Eschenmoser’s salt
(148.7 mg, 0.804 mmol) in THF (1 mL) was added. After being stirred at the same temperature
for another 15 min, the reaction mixture was quenched with saturated aqueous NH,4Cl solution,
and diluted with CH,Cl,. The layers were separated, and the aqueous layer was extracted with
(2 x 15 mL). The combined organic layers were dried over anhydrous Na,SO4 and
concentrated in vacuo to afford the crude amine. This amine was carried to the next step
without further purification. [Elimination] To a solution of the above amine in THF (4 mL)
and saturated aqueous NaHCO; (2 mL) was added m-CPBA (231.2 mg, max. 78%, 1.05 mmol)
at 0 °C. The resulting mixture was allowed to warm to 25 °C for 30 min, and quenched with
saturated aqueous NaHCOs solution and saturated aqueous Na,SOs solution. The layers were
separated, and the aqueous layer was extracted with EtOAc (2 x 15 mL). The combined
organic layer was washed with 2 N NaOH and brine, dried over anhydrous Na,SO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 2/1) to afford lactone 12 as a colorless oil (69.2 mg, 80% for two steps): R
0.48 (hexanes/EtOAc, 2/1); [a]*’p = +33.1 (c 1.86, CHCls); 'H NMR (400 MHz, CDCls) &

7.26-7.43 (m, 5 H), 6.85 (d, J = 8.4 Hz, 1 H), 6.62-6.67 (m, 2 H), 6.30 (d, J = 2.4 Hz, 1 H),
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5.53-5.56 (m, 2 H), 5.12 (s, 2 H), 3.84 (s, 3 H), 3.33-3.41 (m, 1 H), 0.80 (d, J = 7.2 Hz, 3 H);
13C NMR (100 MHz, CDCls) § 170.4, 149.5, 148.1, 140.1, 136.8, 129.2, 128.4, 127.7, 127.2,
121.4, 118.4, 113.6, 109.5, 82.0, 70.9, 55.9, 38.9, 15.2; IR (neat) 1764, 1516 cm'; HRMS

(FAB) found 324.1360 [calcd for CaoHaOs (M)" 324.1362]

4_<o
piBALH AT OH ™ puso b cacl, - e
Z_/< CH,Cl, .\ CH,Cl, & Ar =
S O -78°C,10 min  * 25°C, 10 min pp" SO,Ph | BnO

Art O

e ()
88% (ﬁ\ 64% OMe
12 o OH 13

Art O

Preparation of Sulfone 13

[DIBALH Reduction] To a cooled (—78 °C) solution of lactone 12 (101.1 mg, 0.312 mmol) in
CH,ClI;, (8 mL, 0.039 M) was added DIBALH (0.312 mL, 1.0 M solution in toluene, 0.312
mmol). After being stirred at the same temperature for 10 min, the reaction was quenched with
MeOH. Then H,O and 2 N NaOH was added and the resulting mixture was stirred at 25 °C for
1 h. The layers were separated, and the aqueous layer was extracted with CH,Cl, (2 x 10 mL).
The combined organic layers were dried over anhydrous Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, hexanes/EtOAc, 2/1) to afford
a mixture of lactol and aldehyde as a colorless oil (89.7 mg, 88%). [Sulfonylation] To a stirred
solution of a mixture of lactol and aldehyde (28.5 mg, 0.0873 mmol) in CH,Cl, (3 mL, 0.029
M) were added PhSO,H (16.1 mg, 0.114 mmol) and CaCl, (29.1 mg, 0.262 mmol) at 25 °C.
After being stirred at the same temperature for 10 min, the reaction mixture was quenched with
saturated aqueous NaHCOs, and diluted with Et;O (15 mL). The layers were separated, and the

aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers were
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washed with brine, dried over anhydrous Na,SO4, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexanes/EtOAc/Et;N, 3/1/0.01) to afford
sulfone 13 as a white foam (24.0 mg, 64%): Ry 0.61 (hexanes/EtOAc, 2/1); [For Major
Diastereomer] "H NMR (400 MHz, CDCls) & 7.96 (d, J = 7.2 Hz, 2 H), 7.63 (d, J = 7.2, 7.2
Hz, 1 H), 7.54 (dd, J="7.2, 7.2 Hz, 2 H), 7.25-7.45 (m, 5 H), 6.80 (d, J = 8.4 Hz, 1 H), 6.63 (s,
1 H), 6.58 (d,J=8.4 Hz, 1 H), 5.74 (s, 1 H), 5.52(d,J=8.0Hz, 1 H), 5.47 (s, 1 H), 5.42 (s, 1
H), 5.11 (s, 2 H), 3.82 (s, 3 H), 3.21-3.26 (m, 1 H), 0.71 (d, J = 7.2 Hz, 3 H).

Preparation of 2,3-Cis-2,5-Trans-Tetrahydrofuran 14

MgBr
’ g™ =g
\\\\ SO,Ph  BnO
(e} 2 @]
OMe \/
BnO 13 — >~ BnO tfa_}&s OBn
ZnBr,, THF, 25 °C OM oM

30 min, 41% € €

To a solution of ZnBr, (I mL, 0.22 M in THF) was added dropwise 4-benzyloxy-3-
methoxyphenylmagnesium bromide (2.78 mL, 0.16 M, 0.44 mmol) at 25 °C. The resulting
mixture was stirred at the same temperature for 30 min before sulfone 13 (40.0 mg, 0.088
mmol) in THF (1 mL) was added dropwise. After being stirred at 25 °C for 30 min, the
reaction mixture was cooled to 0 °C, quenched with saturated aqueous NH4Cl, and diluted with
EtOAc. The layers were separated, and the aqueous layer was extracted with EtOAc (2 x 10
mL). The combined organic layers were washed with brine, and dried over anhydrous Na,SOs,
and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 6/1) to afford 2,3-cis-2,5-trans-tetrahydrofuran 14 as a colorless oil (19.1 mg,
41%): Ry 0.57 (hexanes/EtOAc, 7/1 x 3); [a]*’p = +39.2 (¢ 0.32, CHCl;); 'H NMR (400 MHz,

CDCl3) & 7.26-7.44 (m, 10 H), 6.73-6.99 (m, 6 H), 6.30 (d, J = 2.4 Hz, 1 H), 5.76 (d, J = 7.2
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Hz, 1 H), 5.66 (s, 1 H), 5.15 (s, 2 H), 5.14 (s, 2 H), 5.05 (s, 1 H), 4.99 (s, 1 H), 3.90 (s, 3 H),
3.88 (s, 3 H), 3.08-3.13 (m, 1 H), 0.81 (d, J = 7.2 Hz, 3 H); °C NMR (100 MHz, CDCl3) &
155.7, 149.6, 149.4, 147.7, 147.4, 137.2, 135.5, 133.3, 128.5, 127.7, 127.26, 127.21, 119.0,
118.6, 113.8, 110.6, 110.3, 106.7, 83.6, 82.5, 71.0, 56.0, 42.2, 14.3; HRMS (FAB) found
522.2409 [calcd for Co6H605S (M)" 522.2406].

Preparation of 2,3-Cis-3,4-Trans-4,5-Cis-Tetrahydrofuran 3a via Asymmetric

Hydrogenation of 14 with Ir-(4S,5S)-ThrePHOX

trans cis
(ﬁ Ir-(4S,5S)-ThrePHOX ~ “'° ( (ﬁ) CISJ, o ( d) -
At o7 NAr Ha, CH,Cly A 07 NAr A 07 A
14 25°C, 13 h 3a 15
99% [4:1]
+ - -
Bn Bn :_| BArE _| y
O%/,, N CF3 Ar = "l.%
" T % i
Csz\Ir,N>< BAre = B BnO
\// \\\ Ph OMe
B CFs /4
Ir-(4S,5S)-ThrePHOX

To a solution of 14 (107.1 mg, 0.205 mmol) in CH,Cl, (5 mL) was added Ir-(4S,5S)-
ThrePHOX (3.5 mg, 0.002 mmol) at 25 °C under H, atmosphere, and the reaction mixture
was stirred at the same temperature for 1 h. An addition of Ir-(4S,5S)-ThrePHOX (3.5 mg,
0.002 mmol) was repeated two times every 1 h, and the reaction mixture was stirred further for
10 h before concentrated in vacuo. The residue was filtrated through a pad of silica gel
(hexanes/EtOAc, 3/1) to afford a 4:1 mixture of 2,3-Cis-3,4-trans-4,5-cis-tetrahydrofuran 3a

and 2,3-Cis-3,4-cis-4,5-trans-tetrahydrofuran 15, which was purified by column
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chromatography (silica gel, hexanes/EtOAc, 10/1) to afford 2,3-cis-3,4-trans-4,5-cis-
tetrahydrofuran 3a (66.3 mg, 62%), 2,3-Cis-3,4-cis-4,5-trans-tetrahydrofuran 15 (19.9 mg,
18%), and a mixture of 3a and 15 (20.1 mg, 19%). [For 2,3-cis-3,4-cis-4,5-trans-
tetrahydrofuran 15] '"H NMR (400 MHz, CDCls) & 7.26-7.44 (m, 10 H), 6.97 (s, 1 H), 6.94 (s,
1 H), 6.81-6.85 (m, 3 H), 6.78 (d, J = 8.0 Hz, 1 H), 5.44 (d, J = 4.0 Hz, 1 H), 5.148 (s, 2 H),
5.142 (s, 2 H), 4.64 (d, J = 8.8 Hz, 1 H), 3.90 (s, 3 H), 3.88 (s, 6 H), 2.36-2.48 (m, 2 H), 0.99
(d,J=5.2Hz, 3 H),0.61(d,J=6.4Hz, 3 H).

Preparation of Bis-Phenol 16

d(;\ H,, PdIC y

“Ng EtOAC/ELOH (3:1) “Ng

Bn0/© OBn 25°C,4h, 95% HO/© OH
OMe 2 OMe 16

OMe OMe

To a stirred solution of bis-benzyl ether 3a (112 mg, 0.21 mmol) in EtOAc/EtOH (3:1, 4 mL)
was added 10% palladium on activated carbon (22.4 mg, 20 wt %). The resulting mixture was
stirred under H, atmosphere at 25 °C for 4 h. The reaction mixture was then filtered through
celite with EtOAc and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexanes/EtOAc, 3/1) to afford bis-phenol 16 as a colorless oil (70
mg, 95%): Ry 0.33 (hexanes/EtOAc, 2/1); [a]**'p= —35.3 (¢ 1.00, CHCL); 'H NMR (400
MHz, CDCls) 6 6.88 (d, J = 8.0 Hz, 2 H), 6.82 (s, 2 H), 6.75 (d, J = 8.0 Hz, 2 H), 5.63 (s, 2 H),
5.41 (d, J = 6.0 Hz, 2 H), 3.87 (s, 6 H), 2.18-2.28 (m, 2 H), 0.67 (d, J = 6.0 Hz, 6 H); °C
NMR (100 MHz, CDCls) & 146.6, 144.7, 133.7, 119.4, 114.2, 109.2, 83.9, 56.3, 44.3, 15.0; IR
(neat) 3420, 2964, 2932, 1515, 1269, 1035 cmﬁl; HRMS (FAB) found 344.1617 [calcd for

CyoH2405 (M) " 344.1624]
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(S)-a-Tosyl Aryl Ketone 17°
“OTs

MeO
OMe

17
[a]*®*?p=+2.76 (c 0.54, CHCl3); R 0.52 (hexanes/EtOAc, 3/1); '"H NMR (400 MHz, CDCl5) &
7.74 (4, J="7.6 Hz, 2 H), 7.56 (dd, J = 8.4, 2.0 Hz, 1 H), 7.42 (s, 1 H), 7.24 (d, J = 8.4 Hz, 2 H),
6.86 (d, J=8.4 Hz, 1 H), 5.75 (ddd, J = 6.8, 6.8, 6.8 Hz, 1 H), 3.92 (s, 3 H), 3.89 (s, 3 H), 2.39
(s, 3 H), 1.55 (d, J = 6.8 Hz, 3 H); °C NMR (100 MHz, CDCl;) & 193.4, 154.3, 149.6, 145.3,
133.9, 130.1, 128.2, 127.0, 123.9, 111.2, 110.4, 56.47, 56.34, 22.0, 19.2; IR (neat) 2961, 1684,
1514, 1263, 1173, 1017, 927 cm '; HRMS (FAB) found 364.0981 [calcd for CsH,006S (M)”

364.0981]

Preparation of Bis-Ketone 18

OTS .,
17 (4 equiv) NG :
(Ar 3,4-dimethoxyphenyl) O}J\O O/-\’//O
BEMP, CH,Cl, 18

25 °C, 30 min, 93% Ar OMe OMe Ar

To a cooled (0 °C) solution of bis-phenol 16 (29.8 mg, 0.086 mmol) in dry CH,Cl, (1.0 mL,
0.086 M) was added dropwise 2-tert-butylimino-2-diethylamino-1,3-dimethylpherhydro-1,3,2-
diazaphosphorine (BEMP, 30 puL, 0.10 mmol). The resulting mixture was stirred at the same
temperature for 10 min before 17 (126.0 mg, 0.346 mmol) in CH,Cl, (1.0 mL) was added. The

reaction mixture was allowed to warm to 25 °C for 30 min with stirring, quenched with
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saturated aqueous NH4Cl solution, and diluted with CH,Cl, (2 mL). The layers were separated
and the aqueous layer was extracted with CHCl, (2 x 10 ml). The combined organic layers
were washed with brine, dried over anhydrous Na,SOj, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexanes/EtOAc, 2/1) to afford 18 as a
colorless oil (64.4 mg, 93%): Ry 0.26 (hexanes/EtOAc, 1/1); [a]**'p= +13.9 (c 0.23, CHCl;);
'H NMR (400 MHz, CDCl3) & 7.77-7.82 (m, 2 H), 7.64-7.66 (m, 2 H), 6.85 (d, J = 8.4 Hz, 2
H), 6.79 (dd, J = 8.8, 1.6 Hz, 1 H), 6.73-6.76 (m, 2 H), 6.66 (dd, J = 8.4, 1.6 Hz, 2 H), 5.38
(ddd, J=16.8, 6.8, 6.8 Hz, 2 H), 5.32 (d, J = 6.0 Hz, 2 H), 3.91 (s, 6 H), 3.89 (s, 6 H), 3.81 (s, 6
H), 2.14-2.20 (m, 2 H), 1.68 (d, J = 6.8 Hz, 6 H), 0.59 (d, J = 6.0 Hz, 6 H); *C NMR (100
MHz, CDCl3) 6 198.1, 153.9, 150.0, 149.3, 146.1, 135.9, 127.8, 124.1, 118.8, 116.1, 115.9,
111.6, 110.8, 110.4, 83.7, 78.7, 56.4, 56.3, 44.4, 19.6, 15.1; IR (neat) 2963, 1684, 1594, 1512,
1264, 1022 cm™'; HRMS (FAB) found 728.3193 [calcd for C4,Hug01; (M) 728.3197]

Preparation of Manassantin A (1)

(polystyrylmethyljtrimethyl-
}J\ Afo ammonium borohydride Hoﬁ)\
o

Ar OMe

MeOH, 25 °C
48 h, 85%

Ar

(Ar = 3,4-dimethoxyphenyl)
To a solution of bis-ketone 18 (14.0 mg, 0.019 mmol) in MeOH (0.5 mL) was added polymer-
supported borohydride (2.5~5.0 mmol BH4/g resin, 132 mg, 0.33~0.66 mmol). The reaction
mixture was stirred with gentle agitation at 25 °C for 48 h. The polymer beads were then
removed by filtration and the filtrate was concentrated in vacuo to afford a 6:1 diastereomeric
mixture of manassantin A and (7S,7""S)-epimer, which was then purified by column

chromatography (silica gel, hexanes/EtOAc/MeOH, 2/1/0.01) to afford 1 as a white solid (12.0
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mg, 85%): Ry 0.18 (hexanes/EtOAc, 2/1); [a]**?p = —107.9 (¢ 0.18, CHCl;) 'H NMR (400
MHz, CDCl3) & 6.82-7.00 (m, 12 H), 5.46 (d, J = 6.0 Hz, 2 H), 4.64 (d, J = 8.4 Hz, 2 H), 4.08—
4.16 (m, 2 H), 3.93 (s, 6 H), 3.89 (s, 6 H), 3.88 (s, 6 H), 2.25-2.33 (m, 2 H), 1.17 (d, J = 6.4 Hz,
6 H), 0.72 (d, J = 6.4 Hz, 6 H); >C NMR (100 MHz, CDCl3) § 150.5, 149.00, 148.84, 146.5,
136.5, 132.5, 120.0, 118.7, 110.9, 110.0, 84.2, 83.4, 78.4, 55.9, 44.1, 17.1, 14.8; IR (neat) 3594,
2961, 1506, 1262, 1140, 1028 cm™'; HRMS (FAB) found 732.3506 [calcd for C4oHs,Op1 (M)
732.3510]

Preparation of Mono-Ketone 19

“'oTs
17 (1 equiv) © o
(Ar =3 4-dimethoxyphenyl) _ 19 O/\’//O

BEMP, CH,Cl,
OM oM A
25°C,15h € € '

To a cooled (0 °C) solution of 16 (20 mg, 0.058 mmol) in dry CH,Cl, (0.5 mL) was added
BEMP (16.8 pL, 0.058 mmol). The resulting mixture was stirred at 25 °C for 5 min before
tosylate 17 (21 mg, 0.058 mmol) in CH,Cl, (1 mL) was added. The reaction mixture was
stirred at the same temperature for 1.5 h, quenched with saturated aqueous NH4Cl solution, and
diluted with CH,Cl, (2 mL). The layers were separated and the aqueous layer was extracted
with CH,Cl, (2 x 10 mL). The combined organic layers were washed with brine, dried over
anhydrous Na,SO4, and concentrated in vacuo. The residue was purified via column
chromatography, (silica gel, hexanes/EtOAc, 2/1) to afford 19 (9 mg, 29%) in addition to 16
(10 mg, 50%) and 18 (9 mg, 21%): [a]**'p = —25.1 (¢ 0.39, CHCl3); 'H NMR (400 MHz,

CDCl3) & 7.80-7.85 (m, 1 H), 7.67-7.65 (m, 1 H), 6.76-6.94 (m, 7 H), 5.55 (s, 1 H), 5.36-5.44
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(m, 3 H), 3.94 (s. 3 H), 3.92 (s. 3 H), 3.88 (s. 3 H), 3.85 (s. 3 H), 2.19-2.26 (m, 2 H), 1.71 (d, J
= 6.8 Hz, 3 H), 0.66 (d, J = 6.8 Hz, 3 H), 0.64 (d, J = 6.8 Hz, 3 H); °C NMR (100 MHz,
CDCls) & 197.7, 153.5, 149.6, 148.9, 146.2, 145.7, 144.4, 135.6, 133.3, 127.4, 123.6, 119.0,
118.4, 115.8, 113.9, 111.2, 110.5, 110.0, 108.8, 83.5, 83.3, 78.3, 56.0, 55.9, 44.0, 19.2, 14.7; IR
(neat) 3442, 1682 cm™'; HRMS (FAB) found 537.2469 [calcd for C3H3,0s (M+1)" 537.2488].

(S)-a-Tosyl Aryl Ketone 207

20
[a]***p=—13.0 (¢ 0.40, CHCl3); R 0.53 (hexanes/EtOAc, 3/1); 'H NMR (400 MHz, CDCls) 8

7.72 (d, J= 8.4 Hz, 2 H), 7.48 (d, J = 8.4 Hz, 1 H), 7.30 (s, | H), 7.24 (d, J = 8.8 Hz, 2 H), 6.80
(d, J=8.0 Hz, 1 H), 6.01 (s, 2 H), 5.66 (ddd, J = 7.2, 7.2, 7.2 Hz, 1 H), 2.38 (s, 3 H), 1.53 (d, J
= 7.2 Hz, 3 H); *C NMR (100 MHz, CDCl3) & 193.1, 152.8, 148.7, 145.3, 133.8, 130.1, 128.6,
128.3, 125.6, 108.8, 108.4, 102.4, 77.6, 22.0, 19.2; IR (neat) 2977,1712, 1376, 1121 cm;
HRMS (FAB) found 349.0749 [calcd for Ci7H;706S (M+1)" 349.0746].

Preparation of Bis-Ketone 21

(0]
ﬁ) OTs
Ar?
20 (1 equiv)
O (Ar? = 3,4-methylenedioxyphenyl) O§J\
BEMP, CH,CI,

25°C,1h, 77%
(Ar* = 3,4-dimethoxyphenyl)

To a cooled (0 °C) solution of 19 (24.3 mg, 0.045 mmol) in CH,Cl, (0.5 mL) was added
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dropwise BEMP (0.027 mL, 0.094 mmol). The resulting mixture was stirred at the same
temperature for 10 min before tosylate 20 (15.7 mg, 0.045 mmol) was added. The reaction
mixture was allowed to warm to 25 °C for 1 h with stirring, quenched with saturated aqueous
NH4Cl, and diluted with CH,Cl,. The layers were separated and the aqueous layer was
extracted with CH,Cl, (2 x 5 mL). The combined organic layers were washed with brine, dried
over anhydrous Na,SOs, and concentrated in vacuo. The residue was purified by column
chromatography, (silica gel, hexanes/EtOAc, 2/1) to afford 21 as a colorless oil (24.8 mg,
77%): Re 0.42 (hexanes/EtOAc, 1/1); [a]**?p= —-10.4 (c 0.41, CHClL;); '"H NMR (400 MHz,
CDCls) & 7.74-7.82 (m, 2 H), 7.65 (dd, J = 3.6, 2.0 Hz, 1 H), 7.58 (dd, J = 4.8, 2.0 Hz, 1 H),
6.72-6.88 (m, 6 H), 6.671 (d, J = 8.4 Hz, 1 H), 6.666 (d, J =8 Hz, 1 H), 6.01 (s, 2 H), 5.32—
5.41 (m, 4 H), 3.92 (s, 3 H), 3.90 (s, 3 H), 3.82 (s, 6 H), 2.12-2.22 (m, 2 H), 1.69 (d, J = 6.4 Hz,
3 H), 1.65 (d, J = 6.8 Hz, 3 H), 0.60 (d, J = 6.0 Hz, 6 H); °C NMR (100 MHz, CDCl3) & 198.1,
197.6, 153.9, 152.3, 150.1, 150.0, 149.3, 148.4, 146.1, 146.0, 136.1, 135.9, 129.4, 127.8, 125.7,
124.0, 118.8, 116.5, 116.1, 111.6, 110.8, 110.4, 109.2, 108.3, 102.2, 83.7, 78.77, 78.66, 56.40,
56.27, 44.4, 19.53, 19.36, 15.1; IR (neat) 2963, 1684, 1511, 1261, 1036 cm '; HRMS (FAB)
found 713.2957 [calcd for C41Hy501; (M+1)+ 713.2962].

Preparation of Manassantin B (2)

o - (polystyrylmethytrimethyl- Ny ;
le) z o ammonium borohydride HO i on
ﬁJ\O 21 O/Y - o 2 O/\“
Ar? OMe OMe Art MeOH, 25 °C Ar? OMe OMe Art

48 h, 86%
Arl = 3 4-dimethoxyphenyl, Ar? = 3,4-methylenedioxyphenyl

To a stirred solution of 21 (24.8 mg, 0.035 mmol) in MeOH (1.5 mL) was added polymer-

supported borohydride (2.5~5.0 mmol BH4/g resin, 400 mg, 1.0~2.0 mmol) and the reaction
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mixture was stirred with gentle agitation at 25 °C for 48 h. The polymer beads were then
removed by filtration and the filtrate was concentrated in vacuo to afford a 5.4:1 diastereomeric
mixture (21.4 mg, 86%) of manassantin B (2) and (7S,7"'S)-epimer, which was then purified by
column chromatography (silica gel, hexanes/EtOAc/MeOH, 2/1/0.01) to afford manassantin B
(2) as a white solid (13.3 mg, 53%) and a mixture (8.1 mg, 33%) of 2 and (7S,7""'S)-epimer: Ry
0.32 (hexanes/EtOAc/MeOH, 2/1/0.01); [a.]*°p=—108.4 (c 0.22, CHCl;); "H NMR (400 MHz,
CDCl3) 8 6.74-7.01 (m, 12 H), 5.93 (s, 2 H), 5.45 (d, J = 6 Hz, 2 H), 4.65 (d, J = 8.0 Hz, 1 H),
4.62 (d, J=8.8 Hz, 1 H), 4.044.16 (m, 4 H), 3.93 (s, 3H), 3.92 (s, 3 H), 3.89 (s, 3 H), 3.88 (s,
3 H), 2.23-2.32 (m, 2 H), 1.12-1.18 (dd, J = 5.6, 5.6 Hz, 6 H), 0.72 (d, J = 5.2, 6 H); °C NMR
(100 MHz, CDCl3) o 151.0, 150.8, 149.4, 149.2, 148.1, 147.8, 146.8, 137.0, 136.90, 134.4,
132.9, 121.5, 120.4, 119.3, 119.1, 111.2, 110.5, 110.4, 108.5, 107.9, 101.4, 84.6, 84.5, 83.8,
78.8, 56.3, 44.6, 17.5, 17.3, 15.3; IR (neat) 3725, 2959, 1508, 1259, 1035 cm '; HRMS (FAB)

found 716.3196 [calcd for C41H4g01; (M)+ 716.3197].
Reference

1. Kim, H.; Wooten, C. M.; Park, Y.; Hong, J. Org. Lett. 2007, 9, 3965-3968.

2. Lee, A.-L.; Ley, S. V. Org. Biomol. Chem. 2003, 1, 3957-3966.
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Determination of HIF-1 Inhibition Using the Luciferase Imaging

4T1-ODD-Luc cells (a gift from Dr. Chuan-Yuan Li), stably transfected with the oxygen-
dependent-degradation (ODD) domain of HIF-1a and a firefly luciferase reporter, were seeded
in the 24-well plate at a density of 10° cells/well. After 16-hour incubation, cells were treated
with 240 uM of Cobalt (II) Chloride (Sigma-Aldrich, St. Louis, MO, USA) and serially diluted
compounds for 24 h. To measure the luciferase signals, luciferin (150 mg/mL) was added and
the plates were imaged using the Xenogen IVIS imaging system and associated Living Image
software (Xenogen, Alameda, CA). Luciferase expression/activity was detected and quantified

as relative light units (RLUs). Results are means = SD, n = 3.

S19



wdd T 2 £ v 5 9 L

€10a0 "YINN H; ZHIN 001
(enIXIN T:€ 8pNnID)
G auoyNs
3NO

Ud®0S A, O o
ﬁ AVm_o

N

suel}

oud




wdd
| |

£10ad ""INN H; ZHIN 001
(1swos] 1oley)
G auoJ|NS-suel‘sio
9NO
paulwia1aq 10N oud

Ud?0S .. O
ﬁ Vw_o
S
sueln




¢cS

0e ooT et vt

L g & RN O N O T NG T O VTV O S Yo e ] NS i S TN N DO AT TN N SRV D e

A %}z;jx%:&ii}zi}i}teim

€10a0 “YN O¢; ZHIN 00T
(Jowos] Jolepy)
G auoj|NSs-suel1‘sio
9NO

paulWlela 10N oud

Ud?0S 1O
Yo




2 £ 4 S 9 L 2
. ] i : | L N I | L | L ! . | L | | | i
T r LY J:ﬂl -
° . |
|-
A
e \W\.\ - S\ \\\1 Y= -
3 /
eg _ eg
_
W, O IV | IV O . _
WJEEHA \\lvw_o m_oﬂﬁbm_o |
n < <
suen suel
3NO ag [Te]l  eg %88 S
oud N, O« Y UuT'0.52 udos,, O IV
Xy =1V WL/\\\\ S0 Aﬁ\ sio dHL ‘ciguz J\E\

mcm.:

1g6 NI




1443

=

Sy
S ==
S
0
(@] —
FNE
%
\\
%
(&)




€000 ‘YAN H: ZHIN 00v
eg ueinjolpAyeia]-sio‘suen‘sio

SNO 9NO

ugo oud




9¢S

0TT 0cT

0

ET
,

vt

_ - | |

v

eg

ugao

£0ad ‘YN O¢1 ZHIN 00T
uelnjoipAyena] -sio‘suen‘sio

9NO 9NO

oud

—

AT VS



dd

£10a0 “YAIN Hy ZHIN 00¥
gg uelinjolpAyena] -suen‘suel‘sio
SN0 3NO
ugo oud

o

’
’
‘1,

sueln mr

\
\
W\

\uvm_o

AN
suen

-




wdd 02 ot 09 08 00T 0271 oyT 08T 08T

Lo e o e gy o g R g e Lo g b o b ogiwi g Y g g g | e sy i ylacy g PR N U Y TR T Y S Y A O | POt B S I i U T <A o LI S T M | U U T N SR W

i

£10a0 ""INN Ogp ZHIN 00T
gg ueinjolpAyena] -suei‘suen‘sio
3NO aNO
ugo oud

’ o \
’ \
‘1, W

mcm:mr svm_o

”
-

S

suell




6¢S

SNO %89

oud | yd, O i YT ‘D, G2

SN Ud?0S ., O
+ 2
= SID mr Lv sip dHL “iguz
> v Ml/ . %, < " 1gbud




0€S

)
1

=]
_;_“____________

qo0T



€10ad "YAIN Hy ZHW 00v
eQT ueinjoipAyelsL-sio‘suel)‘sio
3NO
ougd

L‘H“—-\.




wdd 02 0t 09 0g

.H.._____.._.____..rL»._____H—.___»—.._._._._

¢tS

oot

PR T T R T T B AT T M

€100 “HINN D¢ ZHW 00T
eQT UeinjoipAyensa] -sio‘sue’sio
3NO
oug

i




€es

waa T 2 € v

€0ad ‘YN H: ZH 00V
qoT UeInjoipAyens | -suel‘suel)‘sio

9NO

oud
@G\\ o zzzz
w:mbmr WL/ qu_o

A

suell




(17

I T T R

s a3

09

Lo d o

08T

£0do ‘YN O¢tr ZHIN 00T
qoT ueinjoipAyens | -sue‘suen‘sio

9NO

oud
@xxxx O N
wcm:A sv k)

\\

N

sueln




wad

£[0a0 "YNN Hy ZHI 00%
[010©7]
3NO

Ty oud




wdd

Fo

€100 ‘"IN Hy ZHIN 00¥
ERTS
aNO

oud




i

£0ao "YNIN H: ZHIN 00V
eTT ueinjoipAyens]-sue-G'z-s1o-'z
9INO 9SNO
ugo suel) oud




wdd

{1 ov 09

08

8€ES

00T

021

vt 09T 08T

00¢e

SRS ST N0 TR SRR TON T AN AN T U NN U U N ST U T A T U O WO P T T T I T T S S [ W AN A W T T T T TS A T S S U A U N WU O T U 0 0 Y S S T 0 T A W SO O B
Aot A LA st i
At i

|
|

€10a0 "YINN D¢ ZHIN 00T

9NO
udo

3NO

eTT uelnjoipAyens-suen-g'z-sio-€'g

oud

T i 4 DL L s o 2y
Ei p : e Hineshermpni o e
+ — 7



wdd

6€S

£10d0 “YAIN Hy ZHIN 00¥
2T auoloe




09 08 00T

s b e e b Ve Lo 1

orT

_”_o.m 087

ST T T T B S S T RN T S B

€02 ‘YN O¢r ZHIN 00T
2T auojoeT

9NO
oud

T



wdd I 2 £ v S Y £ ¥ b
i 1 L | : 1 i | ] [ ! L ! ' 1 1 i L i L - ] ! | E “ ) . ' _ =
YT TN T N f TR Y Y
| S
; 1 ]
— - ! =
. " I\\l ] ' - 2 "
|k___. -
A ~ _
.‘ !
| J
i . L_
| [+] !
i
0
oud HO-, O 1Y O HO_ VY uwwoT ‘0,8~ 0
=\v4 +
* MIV V\.IV e
, 2 HIvEId




€10a0 YN Hy ZHIW 00%
(3INIXIN T:€ 3pNnID)
€T 3UolNsS  sNO
TiE oud

ydéos MWV




4

£10a0 “dN H; ZHIN 001
¥T ueinjoipAyena-suen-g‘z-sio-g'z
3NO aNO
ugo sueln oug

il

il

_.1

W




144

udd 02 ov 09 08 00T 02T 0vT 0971 awﬁ __H_N

(A I N I TN TN A U T [T T T T T T S T [ T T T T T U S Y NN W T [ (VIR S 1 VNN O AU IS VAN AP AN I BN AT AT A A A A I I T A I

Pt oy e ?%%

€10a0 "YINN D¢p ZHIN 00T
¥T ueinjoipAyena | -suen-G‘z-sio-g'z
dNO 3NO
ugo suen oud




wdd T z € -
i b I . . I

m_o
VO V¥
m_oA Av sio
suel] “
H
m
[T:7] %L6
SN0 oT ee TN rT
oug
2@%2 L IO 4otho N v O
. = 1y \J m_oA ) ;vm_o XOHdRIUL-(SE'Sh)-1
A
sueln




£0a0 ‘9N H: ZHIN 00
GT ueinjolpAyens ] -suel)'sio‘sio

9INO 9INO
ugo oud

O /,/C

mcmzmr S qu_o

-

SI0




9NO
oud

il S 9
I 1 1 L | L 1
»Jw r 4‘
h oo X ¥
|
-
[2:1]
eg 1’4’
1
o OO xoHdeu-Gasan)-n INC©
w_omr / an_o |
A\




8¥S

€10a0 ""IAN H; ZHIN 00F
9T |ousyd-sig
9NO 9INO
OH




6¥S

0g 0/ 08 06

AT T T SN TN T R [N TN SN W T Y S

oot
i

01T

021
H w ]

0ET

orT
1 —

0ST

S N WA T - _. 1

Ll 1

Y

€10a0 "YIN D¢p ZHIN 00T
9T |ousyd-sig
3NO 3NO
HO OH

TN

_._alql.l

e,



0SS

£/0a0 "YIAIN H; ZHIN 00%
/T duo1o)-|Aso |

9NO
O3

S10




wudd 02 (1} 09 0% 00T 027
i 0 L 0 O e Tl PN T N 1 M U O L [ L D Y Y O B M 0 I i | T Pl pip da s {- o
Huy A g, bl b s i bty 9

£10a0 "dIAN Dgg ZHIN 00T
/T du019)-|AsoL

3NO
O3

S10

ovT

| I TR T T 0 5 Y




¢SS

| 1
‘,(A\I?J\
! \_.

J

3NO €000 ‘9N H; ZHW 00 dNO
aNO 8T auoley-sig O8N

9NO 9NO




wdd 0¢ 0P 09 08 00T 021 ort 09T 02T goz

| T I I
!

%%a}iffz? My A AP b A e o
M {

|

{ SNO  §DAD "IN H; ZHIN 00F  SINO
3INO 8T sauola}-sig O3\

9NO 9NO

T T LI N TS T T T [ B B I S T IR TR I SCHN S I NS



_,

W

SN0 £0a0 "YINN Hy ZHW 00y ®NO
3NO (onayiuAs) O8I
(T) v unuesseue

9NO 9NO

HO™ OH




SIS

cw.n 09T 08T

..___.._ P PR T I |

3NO £10a0 "YIAIN D¢ ZHW 00T sNO
3NO (onsyiuAs) 09N
(T) V unuesseue|y

9NO 9NO

" 0] (0)
HO OH




9GS

1 2 £ v 5 g L
...... i | ; | T 1 1 L i I [ | TR T S " . [ T L L | 1 =i

Ve A " :,ﬁ [ ]
j 2118Y1UuAS
| | s.BuoH
| Q1IBYIUAS
) S,ueIssaueH

J

9NO

aNO €10ao ""IAN Hy ZHIN 00%
(T) V unuesseue
3NO
W O
HO
O zzzz




LSS

id 02 i 3 0Q 00T 027 0T _::
PN T T VU T TN O TN (OO TOOR T S I Y TN WL S O SE ST S M A M T W T T U T T VAU SO W N T T W VO Y TN WO TN T AN WO WO WD IO S T W W ANVUNE TN N S (TN W SO W A0 S S SN T W
,,%;f%%;%) IS R T ——
d119YIUAS
s ,6uoH
o18YIuAS

s, ueissaueH

SNO

€
DA “YIAN D¢t ZHIN 00T
SO (T) v unuesseue O3
3NO 3NO
W\ o
HO
O zzzz




84S

0w 00T 0z
1 1 .

M S TN VU RN TR TR S SN S NN S N |

mmwd Huw.

;_fafs};xt% st - o
o118YIuAS
s.buoH

3

a1/ YIuAs
S.ueissaueH

SNO € ‘ 3NO
1200 “HIAN gy ZHW 00T

(T) ¥ unuesseuep OsN

9NO

SNO 3aNO




£0a0 "YIAIN H; ZHIN 00%
02 duo1eM-jAsoL

0\
O

S10




wdd 02 v 09 0e 00T
___ L | - 1

B N T

€10a0 ""IN Dgq ZHIN 00T
02 duo1dH-|Aso

0\
@)

S10




9NO
9NO

£10a0 “YN H; ZH 00%
6T 9U01¥-OUOIN

9NO 9NO

@]

OH




¢9S

wdd 02 b 09 08 00T 021 0v1 0971 087 08¢

foea 0 [ 2l trinl fed 1l e b 20 B 8 £ poeb e b s b bera g b g by e beas e beav g bl s b g by

9
WO €Dao ‘YN Og1 ZHN 00T
SN0 6T BU019M-0UON

SNO 9NO
OH




SNO  £5@3D "YINN Hy ZHIN 00 O\
9NO 1Z SUoeY-sig 0O

9NO




v9S

wdd 0 14 09 08 00T 0¢T 0pT 0971 097 00¢
R SR (I 0 O U 0 T 2T U U 0 W T S O W T 0 S v O T
Wy oD %{5}% pon oA AR VAP A AP

i

T

9NO
9NO

£10a0 “HINN ¢ ZHIN 00T O\

TZ su01a)-sig

9NO

m



9NO
9NO

HO™

£10a0 "YIAIN Hy ZHIN 00%
(2) g unuesseue

9NO 9NO
@)

0\
0]

OH




99S

v g g L
A T S S S 1 i | L 1 1 L | 1
TR | | 4:; |
! _:i
A7 __ T
SN0 £5@D "YINN Hy ZHIN 00V 0\
9NO (2) g unuesseuep O
aNO aNO
0 o)
HO" ™ OH
: O_

d11IBYIUAS
s ,6uoH

o11BYIUAS
S.uelssaueH



L9S

udd JN a_q __,m a_m 007 0¢1 0t7 097 081
:?_:j:_:__,::::,_:_,_::_,_::,:;,_:,,:_:_,,,_,;_::_,_;:_,_:_:
Wt At Wi o M b Eggé%%%%
|
SN0 €5aD "IN Dg; ZHIN 00T
9NO (2) g unuesseue
9NO
HO™




89S

08 6ot 021 opT |

TN RO VO T RN WO YA T T O T T NN NN T YO T S U SN Y TN T T S SN SN N SO TN SN N O SN WA P A TN ST ST TN NN O A

e %%%@i? %%g?%é%}

0é oy

RS P RN ) IO Oy N N RN 1y |

o119YIUAS
s buoH

|| _” 2119YUAS
S,ueissaueH

N0 £5aD "YNN Dg; ZHIN 00T

0\
SN0 (2) g unuesseue|y O
3NO 3NO
Ho™ © © OH
O zzzz




69S

o118YluAs
s buoH

o11BYIUAS
S,ueissaueH

c_m. cot 021 orvt
1 1 i ik 1 | 1 1 1 1 ' 1 1 1 i | S | i 1 | 1 1 1 | 1 1 3 I i 1 1 1
3 wh o gttt .%fgé j?%s
w
N0 €500 "YNN Dg; ZHIN 00T
9NO (2) g unuesseue
9NO 3NO
Ho™ >

OH




