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I. General Procedure. All reactions were carried out under argon and monitored by
thin-layer chromatography using Merck 60 Fs4 precoated silica gel plates (0.25 mm
thickness). Specific rotations were measured using a JASCO P-1020 polarimeter.
FTIR spectra were recorded on a Horiba FT-720 spectrometer. 'H and C NMR
spectra were recorded on Brucker DPX 400 and Brucker AV 600 instruments.
High-resolution mass spectral analyses (HRMS) were carried out using JEOL JMS-SX
102A. Preparative thin layer chromatography was performed using Wakogel B-5F
purchased from Wako Pure Chemical Industries, Tokyo, Japan. Flash chromatography
was performed using silica gel 60N (spherical, neutral) or 60N (crused, neutral) of

Kanto Chemical Co. Int., Tokyo, Japan.
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Typical procedure of enantioselective Ene reaction of cyclopentadiene and a.,-enal
catalyzed by compound 4.(Table 1, entry 12)
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To a solution of catalyst 4 (146.3 mg, 0.40 mmol) and p-nitrophenol (110.7 mg, 0.80
mmol) in MeOH (8.0 ml) was added (E)-cinnamaldehyde (500 ul, 4.0 mmol) at room
temperature. The solution was stirred for 1 minute before the addition of
cyclopentadiene (0.98 ml, 12 mmol). After stirring the reaction mixture for 20 h at room
temperature, excess cyclopentadiene was azeotropically removed with benzene from the
reaction mixture. The residue was purified by silica gel column chromatography
(AcOEt/hexane=1/20) to afford ene products 7a and 8a (667.2 mg, 84%). The ratio of
7a and 8a was determined by 400 MHz "H-NMR

As isomers 7a and 8a were separated by HPLC with a OJ-H column (at 254 nm
2-propanol:hexane = 1:200, 1.0 mL/min; 7a tr = 15.7 min, 8a tr = 18.0 min), small
amount of 7a and 8a was isolated and analyzed.
(R)-3-(cyclopenta-1,3-dienyl)-3-phenylpropanal (7a)

Q

H
o

D

'H NMR (CDCl;) & 2.77 (1H, dd, J=15.6, 0.8 Hz), 2.83 (1H, dd, J=15.6, 0.8 Hz), 2.93
(1H, ddd, J=10.8, 5.2, 1.2 Hz), 3.06 (J=10.8, 5.2, 1.2 Hz), 4.45 (1H, t, J=5.2 Hz),
6.26-6.29 (2H, m), 6.40-6.42 (1H, m), 7.17-.7.23 (3H, m), 7.27-7.32 (2H, m), 9.72 (1H,
t, J=1.2 Hz); BC NMR (CDCl,) 641.4, 42.5, 49.2, 126.8, 127.5, 128.7, 131.9, 132.2,
143.3,150.3, 201.5.

(R)-3-(cyclopenta-1,4-dienyl)-3-phenylpropanal (8a)

R

'H NMR (CDCls) 8 2.93 (1H, ddd, J=11.2, 4.8, 1.2 Hz), 3.00 (2H, s), 3.06 (1H, ddd, J=
11.2, 5.2, 1.6 Hz), 4.32 (1H, t, J=5.2 Hz), 6.09-6.12 (1H, m), 6.30-6.33 (1H, m),
6.40-6.42 (1H, m), 7.20-7.23 (3H, m), 7.28-7.32 (2H, m), 9.73 (1H, t, J=1.2 Hz); °C
NMR (CDCly) § 40.5, 41.3, 48.8, 126.7, 126.8, 127.9, 128.7, 133.6, 134.6, 142.4, 148.2,
201.7.
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Typical procedure of the determination of enantiomeric excess of Ene product 7
and 8 (Table 1, entry 5)

OH
J)L J)L NaBH4 J) /|) Pd/C. H2 /|)
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To a MeOH solution (0.65 ml) of the 7a and 8a (12.8 mg, 0.065 mmol) was added
NaBHj4 (7.3 mg, 0.194 mmol) at 0 °C and stirred for 20 min at that temperature. The
reaction mixture was quenched with pH 7.0 phosphate buffer solution. The organic
materials were extracted with AcOEt and dried over anhydrous Na,SOj, the extracts
were concentrated under reduced pressure which was used in the next reaction without
further purification.

To a solution of this crude mixture in AcOEt (0.65 ml) was added 10% Pd/C (3.2 mg)
at room temperature and stirred for overnight under H, atmosphere. The reaction
mixture was filtered through a pad of Celite and concentrated in vacuo. The residue was
purified by preparative thin-layer chromatography (AcOEt/hexane=1/3) to afford
(R)-3-cyclopentyl-3-phenylpropan-1-ol (13.2 mg, quant).
(R)-3-cyclopentyl-3-phenylpropan-1-ol

0

'H NMR (CDCl3) & 0.98-1.11 (1H, m), 1.24-1.77 (1H, m), 1.86 (1H, quint, J=5.6 Hz),
1.95-2.20 (3H, m), 2.44-2.53 (1H, m), 3.39-3.56 (2H, m), 7.19-7.26 (3H, m), 7.34 (2H, t,
J=7.2 Hz); °C NMR (CDCly) & 24.9, 25.2, 31.5, 31.7, 38.1, 46.6, 48.8, 61.3, 126.0,
127.9, 128.2, 144.5; IR (neat) v 3325, 2950, 2868, 1495, 1451, 1046, 764, 701 cm’;
HRMS (ESI): [MJrNa]+ calculated for C14H,0ONa: 227.1406, found 227.1411; [oc]D3 !
17.1 (c=0.82, CHCls), 92% ee; The enantiomeric excess was determined by HPLC with
a AS-H column at 254 nm (2-propanol:hexane = 1:200), 1.0 mL/min; major enantiomer

tr = 13.4 min, minor enantiomer tr = 11.5 min.

(R)-3-(cyclopenta-1,3-dienyl)-3-(naphthalen-2-yl)propanal (7b) and
(R)-3-(cyclopenta-1,4-dienyl)-3-(naphthalen-2-yl)propanal (8b)

0 OO g

"H NMR (CDCls) § 2.74-2.91 (1H, m), 2.99-3.08 (2H, m), 3.13 (1H, ddd, J=16.8, 7.6,
2.0 Hz), 4.46-4.55 (1H, m), 6.14-6.19 (0.5H, m), 6.26-6.31 (0.5H, m), 6.31-6.36 (1H,
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m), 6.39-6.46 (1H, m), 7.28-7.36 (1H, m), 7.40-7.50 (2H, m), 7.65 (1H, d, J=10.8 Hz),
7.74-7.84 (3H, m), 9.74-9,79 (1H, m); >C NMR (CDCls) & 40.7, 41.3, 41.6, 42.6, 48.7,
49.1, 125.70, 125.71, 125.9, 126.0, 126.14, 126.16, 126.19, 126.32, 127.6, 127.7,
128.46, 128.53, 201.2, 201.4; IR (neat) v 3056, 1722, 1362, 897, 821, 749 cm™.
(R)-3-cyclopentyl-3-(naphthalen-2-yl)propan-1-ol

OH

QoA

'H NMR (CDCl3) 8 0.93-1.15 (2H, m), 1.17-1.74 (4H, m), 1.82-2.24 (4H, m), 2.50-2.68
(1H, m), 3.30-3.55 (2H, m), 7.30-7.37 (1H, m), 7.38-7.49 (2H, m), 7.56 (1H, bs),
7.71-7.85 (3H, m); °C NMR (CDCly) & 24.9, 25.3, 31.6, 31.8, 38.0, 46.6, 48.9, 61.4,
125.2, 125.9, 126.0, 126.6, 127.5, 127.6, 128.0, 132.3, 133.5, 142.5; IR (neat) v 3331,
2949, 2867, 1507, 1450, 1046, 853, 818, 746, 477 cm’'; HRMS (ESI):
[M+Na]+calculated for C1gH,,O1Na;: 277.1563, found 277.1555. ; [oc]D20 6.8 (c=0.78,
MeOH), 93% ee; The enantiomeric excess was determined by HPLC with a AS-H
column at 279 nm (2-propanol:hexane = 1:200), 1.0 mL/min; major enantiomer tr =

17.1 min, minor enantiomer tr = 19.9 min.

(R)-3-(cyclopenta-1,3-dienyl)-3-(4-nitrophenyl)propanal (7¢c) and
(R)-3-(cyclopenta-1,4-dienyl)-3-(4-nitrophenyl)propanal (8c)

(o} o

OaN @ OoN @ 7c:8c=4:6

'H NMR (CDCls) § 2.68-2.89 (0.8H, m), 2.94-3.05 (2.2H, m), 3.15 (1H, dd, J=17.2, 7.2
Hz), 4.42-4.51 (1H, m), 6.24-6.29 (0.6H, m), 6.29-6.35 (0.8H, m), 6.40-6.48 (1H, m),
7.39 (2H, d, J=8.8 Hz), 8.16 (2H, d, J=8.4 Hz), 9.73-9.77 (1H, m); °C NMR (CDCly) &
40.0, 40.8, 41.4, 42.5, 48.5, 48.9, 125.70, 123.88, 123.95, 127.6, 128.49, 128.55, 128.8,
131.9, 132.6, 132.8, 135.3, 146.8, 148.3, 150.1, 150.9, 199.7, 199.8; IR (neat) v 2849,
2729, 1724, 1596, 1518, 1518, 1347 cm’".
(R)-3-(4-aminophenyl)-3-cyclopentylpropan-1-ol

@ﬁo
H,N

2

"H NMR (CDCl3) § 0.91-1.08 (1H, m), 1.12-1.30 (2H, m), 1.31-1.79 (5H, m), 1.82-2.10
(3H, m), 2.24-2.37 (1H, m), 3.33-3.54 (2H, m), 6.62 (2H, d, J=8.4 Hz), 6.94 (2H, d,
J=8.4 Hz); *C NMR (CDCLy) & 24.9, 25.3, 29.7, 31.5, 31.6, 38.2, 46.8, 48.0, 61.6,
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115.3, 128.7, 135.1, 144.3; IR (neat) v 3347, 2949, 2867, 1621, 1515, 1265, 1045, 828,
757, 533 cm'l; HRMS (ESI): [M+Na]+calculated for C14H,;01NNa;: 242.1515, found
242.1511. ;[oc]D20 13.5 (c=1.17, MeOH), 90% ee; The enantiomeric excess was
determined by HPLC with a AS-H column at 261 nm (2-propanol:hexane=1:100), 1.0

mL/min; major enantiomer tr = 9.4 min, minor enantiomer tr = 13.8 min.

(R)-3-(4-bromophenyl)-3-(cyclopenta-1,3-dienyl)propanal (7d) and
(R)-3-(4-bromophenyl)-3-(cyclopenta-1,4-dienyl)propanal (8d)

'H NMR (CDCl3) § 2.69-2.86 (1H, m), 2.90 (1H, ddt, J=16.8, 7.2 Hz, Jt=2.0 Hz),
2.98-3.02 (1H, m), 3.05 (1H, dd, J=16.8, 7.6 Hz), 4.25-4.35 (1H, m), 6.08-6.11 (0.5H,
m), 6.24-6.31 (1.5H, m), 6.39-6.45 (1H, m), 7.08 (2H, t, J=8.8 Hz), 7.41 (2H, d, J=8.4
Hz), 9.70-9.75 (1H, m); °C NMR (CDCly) & 39.9, 40.7, 41.3, 42.5, 48.7, 49.1, 120.5,
120.6, 127.0, 127.8, 129.4, 129.6, 131.77, 131.81, 131.85, 132.3, 134.8, 141.5, 142.4,
147.7, 149.6, 200.7, 200.9; IR (neat) v 1723, 1488, 1403, 1366, 1010, 897, 827, 684
cm™.

Enantiomeric excess of compounds 7d and 8e were determined by HPLC analysis after

the conversion to 3-cyclopentyl-3-phenylpropan-1-ol.

(R)-3-(cyclopenta-1,3-dienyl)-3-(4-methoxyphenyl)propanal (7e) and
(R)-3-(cyclopenta-1,4-dienyl)-3-(4-methoxyphenyl)propanal (8e)

(0] (o]
Meo @ Meo @ 7e:8e=6:4

'H NMR (CDCls) § 2.74-2.87 (1.2H, m), 2.85-2.94 (1H, m), 2.98-3.02 (0.8H, m),
2.98-3.07 (1H, m), 3.78 (3H, s), 4.24-4.33 (1H, m), 6.07-6.10 (0.4H, m), 6.23-6.29
(1.2H, m), 6.30-6.34 (0.4H, m), 6.38-6.43 (1H, m), 6.81-6.87 (2H, m), 7.08-7.16 (2H,
m), 9.69-9.73 (1H, m); >C NMR (CDCly) & 39.8, 40.7, 41.2, 42.5, 49.0, 49.4, 55.2,
114.1, 126.4, 127.2, 128.5, 128.8, 131.86, 131.95, 133.6, 134.4, 135.4, 148.6, 150.7,
158.4,201.5, 201.7; IR (neat) v 1722, 1610, 1512, 1250, 118, 1035, 834 cm™.
(R)-3-cyclopentyl-3-(4-methoxyphenyl)propan-1-ol

@ﬁo
MeO'
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'H NMR (CDCl) & 0.90-1.05 (1H, m), 1.08-1.81 (7H, m), 1.86-2.12 (3H, m), 2.32-2.42
(1H, m), 3.33-3.51 (2H, m), 3.79 (3H, s), 6.82 (2H, d, J = 8.4 Hz), 7.07 (2H, d, J = 8.4
Hz);*C NMR (CDCLy) & 24.9, 25.3, 31.5, 31.7, 38.2, 46.8, 47.9, 55.2, 61.4, 113.7,
128.8, 137.1, 157.8; IR (neat) v 3347, 2950, 2867, 1610, 1513, 1455, 1301, 1246, 1178,
828 cm'; HRMS (ESI): [M+Na]'calculated for C;sH»O,Na;: 257.1512, found
257.1508.; [a]p™ 10.6 (c=1.49, CH3;0H), 94% ee; The enantiomeric excess was
determined by HPLC with a AS-H column at 220 nm (2-propanol:hexane = 1:100), 1.0

mL/min; major enantiomer tr = 18.0 min, minor enantiomer tr = 23.4 min.

(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-(cyclopenta-1,3-dienyl)propanal (71) and
(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-(cyclopenta-1,4-dienyl)propanal (8f)

(o] (o]

'H NMR (CDCls) § 2.78-2.82 (1.2H, m), 2.83-2.92 (1H, m), 2.96-3.05 (1H, m),
2.99-3.01 (0.8H, m), 4.20-4.30 (1H, m), 5.92 (2H, s), 6.08-6.11 (0.4H, m), 6.24-6.27
(0.6H, m), 6.26-6.33 (1H, m), 6.39-6.43 (1H, m), 6.64-6.75 (3H, m), 9.70-9.73 (1H, m);
BC NMR (CDCl,) 6 40.2, 41.1, 41.2, 42.5, 48.9, 49.3, 100.9, 107.9, 108.15, 108.26,
120.6, 120.9, 126.5, 127.3, 128.3, 131.8, 132.0, 133.5, 134.5, 136.3, 137.2, 146.26,
146.30, 147.9, 148.3, 150.3, 201.2, 201.4; IR (neat) v 2894, 1716, 1505, 1440, 1363,
1247, 1038, 932, 813 cm’".

(R)-3-(benzo[d][1,3]dioxol-5-yl)-3-cyclopentylpropan-1-ol

'H NMR (CDCls) 80.90-1.06 (1H, m), 1.10-1.80 (7H, m), 1.82-2.12 (3H, m),
2.29-2.40 (1H, m), 3.32-3.52 (2H, m), 5.91 (2H, s), 6.59 (1H, dd, J = 7.6, 1.6 Hz), 6.66
(1H, d, J=1.2 Hz), 6.70 (1H, d, J=7.6 Hz); °C NMR (CDCl) & 24.9, 25.3, 31.5, 31.7,
38.2,46.8, 48.5, 61.3, 100.8, 107.7, 108.0, 121.0, 139.0, 145.5, 147.6; IR (neat) v 3336,
2950, 2869, 1504, 1488, 1440, 1244, 1040, 938, 810cm”; HRMS (ESI):
[M+Na]+calculated for C;5sH,0O3Na;: 271.1305 found 271.1295. ; [oc]D20 9.4 (c=1.75,
MeOH), 93% ee; The enantiomeric excess was determined by HPLC with a AS-H
column at 285 nm (2-propanol:hexane = 1:50), 1.0 mL/min; major enantiomer tr = 15.0

min, minor enantiomer tr = 20.8 min.
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(R)-3-(cyclopenta-1,3-dienyl)-3-(furan-2-yl)propanal (79) and
(R)-3-(cyclopenta-1,4-dienyl)-3-(furan-2-yl)propanal (8g)

(o] o
0 “uy, 0 “uy,
VD YD1

'H NMR (CDCls) § 2.89-2.97 (2H, m), 2.99-3.07 (2H, m), 4.41-4.51 (1H, m), 6.03 (1H,
dd, J=5.2, 4.0 Hz), 6.12-6.16 (0.5H, m), 6.26-6.34 (2H, m), 6.39-6.44 (0.5H, m),
6.44-6.47 (1H, m), 9.72-9.77 (1H, m); *C NMR (CDCly) & 34.2, 34.8, 41.3, 42.1, 46.5,
47.1,105.5,105.9, 110.2, 127.8, 128.4, 131.9, 132.1, 132.9, 134.5, 141.5, 141.6, 145.7,
147.3, 155.3, 155.8, 200.7, 200.8; IR (neat) v 2898, 2830, 2728, 1725, 1505, 1363, 1011,
898, 736 cm’.

(R)-3-cyclopentyl-3-(furan-2-yl)propan-1-ol

OH

\ /) k"’o

'H NMR (CDCls3) & 1.08-1.70 (7H, m), 1.78-2.12 (4H, m), 2.61-2.71 (1H, m), 3.41-3.50
(1H, m), 3.52-3.61 (1H, m), 6.00 (1H, d, J = 2.8 Hz), 6.25-6.29 (1H, m), 7.29-7.32 (1H,
m); °C NMR (CDCly) & 25.0, 25.3, 30.8, 31.2, 36.1, 41.2, 44.4, 61.3, 105.6, 109.8,
140.8, 158.0; IR (neat) v 3336, 2951, 2869, 1506, 1148, 1046, 1007, 729, 600 cm'';
HRMS (ESI): [M+Na]+calculated for C,H1s0,Nay: 217.1199 found 217.1193.; [oc]D20
10.3 (c=1.08, MeOH), 90% ee; The enantiomeric excess was determined by HPLC with
a AS-H column at 211 nm (2-propanol:hexane = 1:100), 1.0 mL/min; major enantiomer

tr=11.1 min, minor enantiomer tr = 12.0 min.

(R)-3-(cyclopenta-1,3-dienyl)-3-(thiophen-2-yl)propanal (7h) and
(R)-3-(cyclopenta-1,4-dienyl)-3-(thiophen-2-yl)propanal (8h)

o o
D D e

'H NMR (CDCL) & 2.90-2.93 (0.8H, m), 2.99-3.06 (3.2H, m), 4.61-4.71 (1H, m),
6.14-6.18 (0.6H, m), 6.29-6.33 (0.8H, m), 6.39-6.47 (1.6H, m), 6.84 (1H, dd, J=8.0, 3.2
Hz), 6.92 (1H, dt, J¢&=5.2 Hz, Jt=3.2 Hz), 7.13-7.18 (1H, m), 9.73-9.76 (1H, m); C
NMR (CDCls) 6 35.7, 36.4, 41.3, 50.0, 123.95, 124.0, 124.1, 124.4, 126.8, 127.1, 127.9,
128.3, 131.8, 132.2, 132.9, 134.7, 146.2, 147.3, 147.8, 149.5, 200.6, 200.8; IR (neat) v
2924, 2726, 1724, 1363, 898, 698 cm™.
(R)-3-cyclopentyl-3-(thiophen-2-yl)propan-1-ol
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'H NMR (CDCl3) 8 1.08-1.30 (3H, m), 1.41-1.66 (4H, m), 1.69-1.81 (1H, m), 1.85-1.95
(1H, m), 1.95-2.05 (1H, m), 1.95-2.05 (1H, m), 2.06-2.16 (1H, m), 2.79-2.88 (1H, m),
3.42-3.52 (1H, m), 3.53-3.62 (1H, m), 6.79 (1H, d, J=2.8 Hz), 6.91 (1H, dd, J=4.8, 3.6
Hz), 7.14 (1H, d, J=5.2 Hz); °C NMR (CDCls) & 24.9, 25.4, 31.35, 31.38, 39.2, 43.7,
47.6, 61.1, 122.9, 124.1, 126.3, 148.9; IR (neat) v 3333, 2950, 2862, 1044, 691 cm';
HRMS (ESI): [MJrNa]+ calculated for C;,H;sOSNa: 233.0971, found 233.0977; [oc]D20
3.9 (c=1.3, MeOH), 78% ee; The enantiomeric excess was determined by HPLC with a
AS-H column at 244 nm (2-propanol:hexane = 1:100), 1.0 mL/min; major enantiomer tr

= 11.7 min, minor enantiomer tr = 13.7 min.

(R)-3-(cyclopenta-1,4-dienyl)-3-(2-methoxyphenyl)propanal (71) and
(R)-3-(cyclopenta-1,3-dienyl)-3-(2-methoxyphenyl)propanal (8i)

(@] (@]
& &%
@ @ 7i:8i=4:6

'H NMR (CDCls) § 2.82-2.86 (0.8H, m), 2.82-2.90 (1H, m), 2.91-3.01 (1H, m),
3.00-3.03 (1.2H, m), 3.85 (1.2H, s), 3.86 (1.8H, s), 4.73-4.84 (1H, m), 6.09-6.13 (0.6H,
m), 6.25-6.29 (0.8H, m), 6.30-6.34 (0.6H, m), 6.39-6.44 (1H, m), 6.85-6.91 (2H, m),
6.98-7.03 (1H, m), 7.16-7.23 (1H, m), 9.68-9.72 (1H, m); >*C NMR (CDCly) & 33.4,
34.1,41.2,42.8,47.8,48.3, 55.3, 110.56, 110.62, 120.68, 120.74, 127.1, 127.65, 127.72,
127.8, 128.2, 128.4, 130.5, 131.5, 131.6, 131.9, 134.0, 134.1, 147.9, 150.0, 156.4, 156.6,
202.1, 202.4; IR (neat) v 2935, 1723, 1493, 1464, 1245, 1028, 755 cm™.
(R)-3-cyclopentyl-3-(2-methoxyphenyl)propan-1-ol

OH

OMe

"II,O

'H NMR (CDCl5) 6 0.88-1.01 (1H, m), 1.20-1.33 (1H, m), 1.35-1.73 (5H, m), 1.90-2.05
(2H, m), 2.06-2.22 (2H, m), 3.01 (1H, t, J=10.0 Hz), 3.25 (1H, dt, J4=4.8 Hz, J=10.0
Hz), 3.39-3.47 (1H, m), 3.82 (3H, s), 6.87 (1H, d, J=8.4 Hz), 6.94 (1H, t, J=7.6 Hz),
7.12-7.19 (2H, m); *C NMR (CDCly) & 24.9, 25.4, 31.72, 31.79, 38.2, 39.7, 38.2, 39.7,
454, 55.6,61.0, 110.6, 121.1, 126.7, 128.0, 133.2, 157.3; IR (neat) v 3359, 2950, 1492,
1241, 1031, 753 cm™ HRMS (ESI): [M+Na]" calculated for C;sH»O,Na: 257.1521,
found 257.1504; [oc]D21 5.9 (c=0.67, MeOH), 95% ee; The enantiomeric excess was
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determined by HPLC with a OD-H column at 220 nm (2-propanol:hexane = 1:200), 1.0

mL/min; major enantiomer tr = 34.4 min, minor enantiomer tr = 26.1 min.

The procedure of intramolecular Diels-Alder reaction of compound 12 and 13
derived from 7a and 8a.

1.2 eq

i il Ph
Q H
Ph p\ OEt OEt
J)L /l)L 3 OEt /|/||)( . | LS
JEE—
7
o, toluene, 120
P ” PH l’ benezene, RT pyy P "

@ @ CosEt

7a 8a 12 13 15
(R,2E)-ethyl-5-(cyclopenta-1,4-dienyl)-5-phenylpent-2-enoate (12) and (R,2E)-ethyl
5-(cyclopenta-1,3-dienyl)-5-phenylpent-2-enoate (13)

1.2eq

o o
o
PhP\ OEt OEt
J)L /l)l\ 3 OE[ J/“)L . |
K7
P ” Ph l’ benezene, RT pyy ‘0/@ Ph "’0@

7a 8a 12 13

To a solution benzene solution (1.6 ml) of aldehyde 7a and 8a (110.9 mg, 0.56 mmol)
was added ethyl (triphenylphosphoranylidene) acetate (234 mg, 0.67 mmol) at room
temperature and the reaction mixture was stirred for 1 h. The reaction mixture was
concentrated under reduced pressure. The residue was purified by preparative thin-layer
chromatography (AcOEt/hexane=1/6) to afford 12 and 13 (106.6 mg, 71%). 12:13=1:1
'H NMR (CDCl3) & 1.30 (3H, t, J=7.2 Hz), 2.74-2.83 (1H, m), 2.84 (1H, s), 2.88-2.99
(1H, m), 3.04 (1H, s), 5.85 (1H, d, J=15.6 Hz), 6.18 (0.5H, s), 6.31-6.41 (1.5 H, s),
6.42-6.50 (1H, m), 6.93 (1H, dt, J¢=7.2 Hz, J= 14.7 Hz), 7.17-7.28 (3H, m), 7.29-7.37
(2H, m); >C NMR (CDCl3) 8 14.1,37.7, 38.1, 41.1, 42.3, 45.5, 46.4, 60.0, 122.5, 122.6,
126.40, 122.41, 127.1, 127.5, 127.7, 127.8, 128.38, 128.4, 131.6, 131.9, 133.6, 134.0,
142.8, 143.7, 147.0, 148.6, 150.7, 166.2, 166.3; IR (neat) v 2980, 1717, 1654, 1494,
1453, 1367, 1270, 1202, 1039, 702 cm'l; HRMS (ESI): [M+Na]+ calculated for
CigH2002Na: 291.1356, found 291.1356.
Compound of 15

Ph
!
toluene 120 I
Ph " Ph "

CO,Et

15
A mixture of 12 and 13 (88.0 mg, 0.328 mmol) and catalytic amount of hydroquinone
(3.6 mg, 0.0328 mmol) were dissolved in anhydrous toluene (0.66 ml). The solution

was refluxed at 120 °C for 5h. The reaction mixture was concentrated under reduced
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pressure. The residue was purified by preparative thin-layer chromatography
(AcOEt/hexane=1/6) to afford compound 15 (60.1 mg, 68%).

'H NMR (CDCls) & 1.24 (3H, t, J=7.2 Hz), 1.83 (1H, ddd, J=11.2, 7.6, 2.8 Hz), 2.34
(1H, dd, J=12.0, 8.0 Hz), 2.39 (1H, d, J=2.0 Hz), 2.43 (1H, s), 2.64 (1H, d, J=4.8 Hz),
2.76 (1H, t, J=8.0 Hz), 3.00-3.09 (2H, m), 4.08 (2H, q, J=7.2 Hz), 5.92 (1H, dd, J=5.6,
2.8 Hz), 6.11 (1H, dd, J=5.6, 3.2 Hz), 7.14-7.22 (3H, m), 7.26-7.31 (2H, m); °C NMR
(CDCl3) 6 14.3, 39.1, 41.0, 44.6, 49.3, 49.9, 51.9, 60.0, 69.5, 125.8, 126.9, 128.4, 133.2,
133.9, 146.3, 173.5; IR (neat) v 3027, 1734, 1495, 1449, 1205, 1043, 700 cm™; HRMS
(ESI): [MJrNa]+ calculated for C;gH,0O,Na: 291.1356, found 227.1362; [OL]D21 -112.3
(c=0.81, CHCL).

Determination of the absolute stereochemistry of 7a and 8a:

OTBS OTBS OTBS OTBS oTBS
/HL /HL 1) NaBH4 y/ﬁ 1 03 "/H 1) Nalo, /H
.
2> TBSCI “ 2) NaBH, Ph 2) NaBH, Ph pp””—OH
imidazole
10

Ta 8a

TBS OH
TBAF
e
pt” "u—~OH THF pp” “w—~OH

Compound of 9

OTBS OTBS

S

2) TBSCI
imidazole

7a 8a

To a solution MeOH (1.7 ml) of the 7a and 8a (165.8 mg, 0.84 mmol) was added
NaBH4 (378.3 mg, 2.5 mmol) at 0 °C. After stirring for 20 min at that temperature, the
reaction mixture was quenched with pH 7.0 phosphate buffer. The organic materials
were extracted with AcOEt and dried over anhydrous Na,SOg, then concentrated under
reduced pressure which was used in the next reaction without further purification.

To a DMF solution (1.7 ml) of alchol and imidazole (284.6 mg, 4.2 mmol) was added
TBSCI (378.3 mg, 4.2 mmol) at 0 °C and stirred for 2 h. The reaction mixture was
quenched with pH 7.0 phosphate buffer and diluted with AcOEt. The organic phase was
washed with saturated aqueous NaCl and dried over anhydrous Na,SO,, then
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (AcOEt/hexane=1/20) to afford 9 (208.3 mg, 79%, 2 steps).

'H NMR (CDCls) 8 0.01 (6H, s), 0.91 (9H, s), 1.99-2.10 (1H, m), 2.18-2.30 (1H, m),
3.46-3.62 (2H, m), 3.85-3.93 (1H, m), 6.09-6.12 (6H, m), 6.23-6.30 (0.8H, m),
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6.36-6.40 (1.2H, m), 6.41-6.45 (0.4H, m), 7.15-7.31 (6H, m); >C NMR (CDCly) § -5.4,
18.3,26.0, 37.8, 38.3, 41.1, 42.3, 42.4, 43.3, 61.0, 125.9, 126.07, 126.10, 126.41, 127.9,
128.1, 128.29, 128.32, 131.3, 132.0, 133.7, 134.1, 143.9, 144.7, 149.8, 152.4 ; IR (neat)
v 3061, 3028, 2928, 2857, 1471, 1254, 1102, 834, 834, 775 cm’!

Compound of 10

OTBS OTBS OTBS OTBS

I@ ph”” 2)NaBH4 Ph 0; ph” ",

To a MeOH solution (2.0 ml) of diene (26.1 mg, 0.083 mmol) was treated with a
oxygen-ozone stream for 10 minutes at -78 °C. An argon stream was then bubbled
through the cold solution and NaBH4 (62.9 mg, 1.65 mmol) was added. The mixture

was allowed to warm slowly to room temperature and stirred overnight. The reaction

OTBS OTBS

Ph)jﬂ * Ph/'i/OH
HO ud

1) NalO,

2) NaBH,

was quenched with pH 7.0 phosphate buffer solution and the organic materials were
extracted with AcOEt and the combined organic extracts were dried over anhydrous
Na,SOy, then concentrated under reduced pressure which was used in the next reaction
without further purification.

To a CH,Cl, solution (0.5 ml) of the diol and silica gel (20 mg) was added NalOy at
0 °C and the reaction mixture was stirred for 1 h at that temperature. The reaction
mixture was quenched with saturated aqueous Na,S,03 and the organic materials were
extracted with AcOEt and the combined organic extracts were dried over anhydrous
Na,SOy, then concentrated under reduced pressure which was used in the next reaction
without further purification.

To a MeOH solution (1.7 ml) of aldehyde and diol was added NaBH, (9.4 mg, 0.25
mmol) at 0 °C and the reaction mixture was stirred for 20 min at that temperature. The
reaction mixture was quenched with pH 7.0 phosphate buffer. The organic materials
were extracted with AcOEt and dried over anhydrous Na,SO4. The residue was purified
by silica gel column chromatography (AcOEt/hexane=1/3) to afford alchol 10 (2.6 mg,
11%, 4 steps) and 1,3-diol (4.2 mg, 16%, 4 steps).

'H NMR (CDCl3) §0.02 (3H, s), 0.03 (3H, s), 0.89 (9H, s), 1.80-1.90 (1H, m),
1.91-2.01 (1H, m), 2.27 (1H, t, J=6.4 Hz), 2.96 (1H, quint, J=6.8 Hz), 3.55 (1H, ddd,
J=10.0, 8.4, 5.2 Hz), 3.67 (1H, quint, J=5.2 Hz), 3.76 (1H, sex, J=3.2 Hz), 7.20-7.25
(3H, m), 7.30-7.36 (2H, m); °C NMR (CDCly) & -5.47, -5.44, 18.2, 25.9, 36.1, 46.1,
61.5, 67.6, 126.7, 127.9, 128.6, 142.7; IR (neat) v 3373, 2928, 2852, 1464, 1255, 1095,
835, 775, 700 cm™'; HRMS (ESI): [M+Na]" calculated for C;gH,00O,Na: 291.1356,
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found 227.1362.

(S)-2-phenylbutane-1,4-diol (11)
OTBS OH
J) TBAF
e
i “u—OH THF  py”"w—OH
10 11
To a THF solution (200 pl ) of alcohol 10 (2.6 mg, 0.093 mmol) was added 1.0M
THF solution of TBAF (18.5 ul, 0.0185 mmol) at 0 °C and the reaction mixture was
stirred for 1 h at that temperature. The reaction mixture was quenched with pH 7.0
phosphate buffer. The organic materials were extracted with CHCls and dried over
anhydrous Na,;SOy, then concentrated under reduced pressure. The residue was purified
by preparative thin-layer chromatography (AcOEY) to afford
(S)-2-phenylbutane-1,4-diol 11 (1.5 mg, quant).
H
CO,H LiAIH,
e
Ph ""COZH THF p” “w—~OH
11

To a THF solution (0.27 ml) of LiAlH4 (30.8 mg, 0.81 mmol) was added THF
solution (0.81 ml) of (S)-phenylsuccinic acid (52.6 mg, 0.27 mmol) at 0 °C and the
temperature of the reaction mixture was raised to room temperature gradually. After
refluxing the reaction mixture for 5h, saturated Na,SO4 solution was added to the
reaction mixture at 0 °C. After filtration of the inorganic materials, volatile materials
were removed under reduced pressure and the residue was purified by thin-layer
chromatography (AcOE?t) to afford (S)-2-phenylbutane-1,4-diol 11 (33.8 mg, 75%).

'H NMR (CDCl3) & 1.85-1.95 (1H, m), 1.98-2.08 (1H, m), 2.97 (1H, quint, J=7.2 Hz),
3.55-3.64 (1H, m), 3.70 (1H, quint, J=5.6 Hz), 3.79 (2H, d, J=6.4 Hz), 7.21-7.27 (3H,
m), 7.34 (2H, t, J=7.6 Hz); "C NMR (CDCly) & 35.8, 45.9, 60.9, 67.4, 126.7, 127.8,
128.7, 142.4; IR (neat) v 3349, 2935, 2880, 1495, 1454, 1050, 762, 702cm™; HRMS
(ESI): [MJrNa]+ calculated for Ci;sH,0O,Na: 291.1356, found 227.1362; [oc]D31 27.5
(c=0.225, CHCI;), prepared by the reduction of (S)-phenylsuccinic acid; The
enantiomeric excess was determined by HPLC with a A column at 220 nm
(2-propanol:hexane = 1:40), 1.0 mL/min; major enantiomer tr = 51.6 min, minor

enantiomer tr = 53.6 min.
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O MeO

RS Sy

§.722
$.713
9. 708
T.260
T.146
T.124
7.119
7,087
5-352
E.B4E
6. 831
6.B27
6. 415
6. 327
6.325
6.314
6.312
&.280
G287
6,250
6. 0B8
6.085
4,321
4,302
—4.283
4.274
3.778
3.762
3.055
3.036
3.014
3.007
2.999
2.995
2.927
2.924
2.905
2.882
2,867
2,863
2.805
2.798

[ =

Current Dats Parssstars
RAML

Mayli-1008
| #4 ] n
FRICEC 1
2 = Acquisitica Facrasstscs
Babs_ JO0ELELT
Tima T.0d
IHSTRON 4040
FRIRED b omm KRG ] C-1
UL FRGG Ii‘!ﬂ
T 3168
SCLVINT COCLY
BE
oS a
SHH 0223.80% Ez
FIDRIE 2. i H0RET Er
el 1. HE!HI e
B
o W.Iﬂﬂ aNec
= §.00 waad
TE 332 K
[ oL 1.00000000 sac
. MCRELT Q.S0Q0000d pas
BCWERE [T T e
CEAHHEL 1
_H el
L B. 00 uses
FLl 1.00 4an
1 ARG PII4TID HER
Fi = Procesaing parssstscs
&L 16304
&F AG0. §I000FL MEe
L ) ™
558 a
L& B, He
| i = &
] (2= 1.00
T T T T T
4 3 2 1 Ppm
- # iTil
COSYGE8
22 H now oy
3 seenac
] - mae mEm N
sz
V ] e aisgdes B R
Current Data Parameters
Jundd-, aﬂd‘
EXPNO
PROCNT 1

Fl1 - Acquisition Peramseters
Date 20060604

ime

i

2

agggeaaszs

16.133
apmacd
§ om EEO r.ac-al
3

534
cocls
201

3
1L847.133

303.3
2.00900000
0.03000004
1.89995358
a.00000004
0. 01800000

CHAMNEL £1

IR TRLL

13¢

9,30

3.00

100, 6254354
CENONEL £3
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#0.00
.00
43,00

a3.00
400, 1316008

100.6137708
B

[]

1.00
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9
ﬂ] 1 1 1 R S —
4000 3000 2000 1000
Wavenumberlem=1]
nEe 64 Ee 4 om1
gﬂj-ﬂ"J‘/f o 7%5‘41{—“/59 Cosine
e 1 AFyLAE—F 2 mm/sec
B 106/06/04 18:04
MER
Fr{NLE Momor y#7
S TLE
EE =
1: 2833 20, B0 4142 2: 283581, £0.0515 3: 2360 44, 89 8009 4: 172212, 730624
5. 1610.27, B4 0748 & 1511.02, 678420 7: 1483.71, 87.8420 B8: 1302 58, 87 0627

9: 1249.85, 711996 10: 117829, B3 1631 1. 1034, 62, 82 4139 12 B34.08 B4 83T
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=2006
EJ(PND 161
PROCHO 1
F2 - Roquisition Parameters
Date_ 20060511
Time .
INSTRUM dpxd00
PROBHD 5 mm BBO 13C 1
PULPROG
0 3??58
SOLVENT CDCl3
WS 8
oS 0
SWH 8223.685 Hz

FIDRES 0.250967 Hz

AQ 1.9923444 sec
RG 512
oW 60.800 usec
DE 6.00 usec
\ TE 303.2 K
. ol 1.00000000 sec

MCREST 0.00000000 sec

1 HCWRE 0.01500000 sec

CHANNEL f1

HUC1 1H
123 B.10 usec
PL1 1.00 dB
SFO1 400.1324710 MHz

F2 - Processing parameters
34

5F 400.1300089 MHz
L EM
558 o
LB 0.30 Hz
1 GB o
N l L BC 100
T 1 T T T T T
9 4 3 2 1 pPpm
| G
- irle
53 CH 382333
28 EEE EER- ] - R
Y \\\\\\\ Vi W V /v N\
Ccurrent Data Parameters
NAME Junt4-2006
EXPHO as
FROCHO i
F2 = Rcquisition Paramaters
Datae_ 20060604
Time 16.48
INSTRUM 400
FPROBED 5 =m BBO 1iC-1
PUL! Igpgad
#5534
SOLVENT 1!
NS 54
DS a
SWH 31847.133 H2
FIORES 0.485949 Hz
AQ 1.0289653 sac
RG 18390. 4
oW 0 useo
oE .00 usec
TE 303.3 K
D 2.00000000 sec
dii 0.03000000 seg
DELTA 1.80985534 s
HCREST 0.00000000 BeC
MCWRK 0.0LB00000 sec
-
PCFDI 80,00 Usec
FL3 3.00 &8
PL13 2z.00 &8
PL12 23.00 &8
P03 400.1316008 Mz
F2 - Processing paramecers
I 32764
F 100,.6137737 Mz
Ll -]
SEB L
LB 1.00 E3
3B o
T T T T T T T T T T T Be 1.00
200 180 1680 140 120 100 80 80 40 20 ppm
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1185. 04, 62,3353

2000
Wavenumbariem-1]

9}# 4 o1
FTHRASH—a Gosine
AFpAC—F 2 mm/sec

83.5287 4: 143660, 863940
8
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"o O, "oy
v YO

N &l
wn
=
L

9.758

ol
w
-~
L3

NS P2

9.749
9.745
7.329
7.327
7.316
7.314
7.260
6.451
6.423
6.410
6.322
6.320
6.316
6.309
6.287
6.282
6.139
6.038
6.028
6.025
6.016
5.298
4.496
4.477
4.459
4.443
4.425
3.4886
3.059
3.040
3.017
3.002
2.9589
2.941
2.91¢6
2.900
1.544

curnnt Data Paramerars

Junod -2006
m a“
PROCNC 1
rl - Acquisition Parameters
008 6“
Ti-
INSTRUM q\xna
FROBED  § mm BBO 13C-1
zg3d
™ 32788
SOLVENT Coell
N L}
oS 3
8221.405 Hz
FIDRES 0.250967 HE
R 1.9923444 sec
RO 512
oW £0.800 usec
of €.00 usec
b ] 303.3 K
DL 1.00000000 sec
MCREET 0.00000000 s8c
MCWRK 0.01500000 sec
CHANNEL 11
NUCL 1R
FL 8.10 usec
FL1 1.00 dm
sFO1 400.1324710 MHZ

Fd - Proceassing paramaters

sI 1638

400.1300097 MHZ
=

L]
0.30 Hz
[

1.00

10 9 [ 4 1 PPM
Eﬂ
- : 383
B ER - n
Current DALA Paramsterd
kel Junbl=Fiad
xR EL]
PROCEG 1
Fi - Roquisition Parssaters
Date_ FLOTEN
Tk 5.47
TRETE 0
PRGEED  F o BB L3C-1
[t 14
™ ":?n
e LN (=t ]
3 jE1 ]
D5 a
- ILEAT, L3N ES
FEOHE A 4 E
A L GBI e
B .3
= 16 TA0 e
oE 600 e
™ 1. i K
oL T ARPnIAE swe
. ail BAMERREGY e
DELTA 1 AREREIEE e
HCRRNT £ ADEIOEAY o
=WRE CRCELE LS
CEaEz. [1
wacy 1
" I.¢ ﬂ il
| FLL o &
| e L6, lnu:l "
| =t P ]
| CPOPMIG waleald
| ) N
| ] 90 e
FLd .99 &
FLLZ an.a0 48
FLLY 3340 &
T 484, 1016508 Ma
Fi » Procesilsg paase
5 TN
r . ol L T 184, $117147 Wiz
Lol =
=5l []
LB 1.90 E
T r T T T T T T T T g: 1 qg
00 180 140 120 100 B0 80 40 1] ppm
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68, 4271
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current Data Farametars
HAME Junod

.,,,®

7 159
7.1586
7.149
7.147
6.934
6.925
£.921
6.918
6.913
6.905
6.857
6.849
6.837
6.B39
6.442
6.429
6.4325
6.418
6.410
6.407
6.319
6.312
6.163
6.159
6.156
6.152
4.702
4.683
4.664
4.646
4.627
3.058
3.053
3.050
3.042
3.039
3.035
3.032
3.024
3.016
2.996

-2008
EXFNC 50
PROCNO i
F1 - poquisition Paramatars
Date_ 20080605
Time 1.14
INFTRUM dpx400
PAOBED 5 mm BBO 130-1
FULFR 2930
I ™ 22748
SOLVENT CoCll
Nd
s
SWE BS
FIDRES T Hz
AQ a8c
RGO
oW use
oE uses
ki .3
o1 1. 0000000! 480
MCREST 0.00000000 s8c
MCWRE 0.01500000 sac
CHANNEL £1
HUeL
P1 7.90 usec
PLL 3.0 dB
s701 400.1324710 MHz
F3 - Processing parameaters
I 51 163H
sr 400.1300093 Wiz
WOW B
548 [}
| LB 0.30 Hz
| ag L]
3] 1.00

COosYG

100,758
200.61
77.00
76 .68

77,33

Y
z
A\
A
<

Current DAt& Farameters
HAME

Jund4-2008
EXFNO 48
PROCMO 1
!: - M:quh!.tion Faramatecs
20060604
Tiﬂ 33,08
409
FROMED 8§ mm BBO 13C-1
PULPROG 30
™ 65534
SOLVENT encll
NS 138
bs a
SHH 31847.133 B3
FICRES 0,4853459 E3
1.0289651 seq
RO 9195.3
oW 15.700 usec
oE 6.00 usec
TE 303.3 K
D1 2.00000000 s
dii 9.03000000 sac
DELTA 1.89999998 #80
HCREST 0.00000000 S8
MCWRE 9.01800000 sec

CHANNEL £1

gezei

22.00
400, 1316003

Fa = Processing paArameters

ST 2768
i 100. 6137727 MEs
L N
P 9
Ty 1.90 Hs
38 a
T T T T T T T T T T LI—- 1.40
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parsmetars
HAME

May31-2006
143

PROCND 1
F3 - Requisition Parameters
Dats_ 30060601
Time 043
INSTRUM Apx400
FROBED 8 mm BBO 13C-1
PULFROG 2930
™ 12768
SOLVENT coely
H L]
o$ ¢
SWE 83231 608 Hz
FIDRES 0,250967 Hy
AQ 1.9923444 sec
RO 574.7
oW €0. 800 usec
o €.00 usec
= 303.2 K
D1 1.00000000 s8¢
MCREST 0.00000006 aec
MOWRK 0,01500000 s
CHANNRL 11
HUCL 1K
Pl 8.10 usec
PLL 1.00 d8
SROL 400.1324710 MHz
Fi - Processing paramsters
sr
] s
WDN
| S48
L8
=] o
PC 1.00
T T T T T T T T T
10 9 8 7 6 5 1 ppm
o BERsEs @
- ==l v -
CosYGSs
o AoNnsvEnw
. wnSedaedunes Agreohuea -4 2
o AddoesEEEneasa "
i3 CEEEEEEEEEEEEE I P S B R
V AN
Current DAts Parameters
HAME Jun03-2008
EXPMO 80
FROCNO 1
P2 - Requisition Paramsters
Date_ 20060503
Tine 16.19
INSTRUM afg
PROBED  § mm BBO 13C-1
FULPROG gpgad
™ 45534
SOLVENT €nell
N 102
D8 a
SWH 311847.133 Hx
FIDRES 0. 485949 B3
g 1.0289651 mec
RO 4857.4
o 15.700 usec
TE £.00 usec
TE 203.2 K
o 2.00000000 sac
411 0.03000000 sac
DELTA 1.89999334 sec
MCREST 000000000 sec
MCWRK 0.01800000 sac
CHAMNEL f£1
WuaL 13¢
mn 5.30 usec
PL1 3.00 d8
spo1 1006354358 MEz
ssanssss CERNNEL £1 =e
CPOPRIZ llltll;
1
PCPDI #0.00 usec
PLI 3.00 4B
) PL12 32.00 4B
PL13 3z2.00 48
spaz 400.1316005 MHz
Fi1 = Processing paramecars
51 32768
P 100.8137786 MHEz
WM EM
558 0
LB 1.00 Bz
T T T T T T T T T T T e H
200 180 160 140 120 100 80 60 40 20 O ppm e
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4000 3000 2000 1000 a0
‘Wavenumbar|cm-1]

RER 64 5 4 em1
gr.‘ﬂ{ V- N 7%&'4-&—-9=> Casina
A 2 AFrAE—-F 2 mm/sec
=L 106/06/04 17:51
MES
FrAILE Memary#6
S s
EE g EESY S

1203513, 77.2678 2: 2837.74, B1.7965 3: 172308, 69 4235 4: 158966, 77,7602

5. 1492.63, 70,4866 B: 1483 71, 74.5607 7. 1438.64, 78, 4004 8. 128014, 80,1883

§: 1244.83, 70,5501 10: 110983, 81,5259 1M 102787, 76.3142 12: 75498, 75 6544
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S e N )

Feb26-2 DGS
xxm
PROCHOD I.

F2 - Acquisition Parameters
Date 20060226

Time 23,39
INSTRUM dpx400
PROBHD 5 mm BBO 13C-1
PULPROG 2930

™ 32768
SOLVENRT cocid

WS 17

o3

SWH 8223, 605 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 5

o 60,800 usec
oE 00 usec
TE 303.2 K
D1 1 sec
MCREST aec
MCWRE 0.01500000 sec
sasssca CHANNEL f] sss=sssss
NOCL 1H

Pl 8.10 usec
PFLL .00
SFOL 400.1324710 MHz

1’2 - PBrocessing Pll'nel'.uzs

sr 400. uﬂssl NHz
WO

E o
Le 0.30 Hz

GB q

£C 1.00

1D MMR plot rameters
cx PO P 0 00 ca
' a.gga
FLP 9.600 ppm
Fl 3921.27 Hz
T T T T T T T T T T T T T T T T T T T TE _:ézozﬁw’
= . iz
95 90 85 80 75 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 PPMeaycy ©.50000 ppm/

A T

s et
R— = ]
§ HEZ EE§ = TR dmuRE o C
& a2 ERR ER = §¥Y R=zs83 :;_u-ml.u-"_'n-nm
T T17 J RN T .
! L I \ (Y s
l\'-||" 4“/ | TR A
" e
o T
- "
= '
w L
Fimn o -
M [
= .1
- O
= e
n i
= o i e
mu | wn

wmE B e
e

——peT

—_——
E] 150 k] {£=1]

|
¥
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Current Data Parameters

HAME Jun3-2006-hayashi
EXPRO 0
PROCNO 1
F1 - Acquisition Parameters
Date_ 20060603
ime 3.13
INSTI ot
PROBHD 5 mm PABBO BA-
PULPROG 2930
o 65536
SOLVENT BCL.
N3 16
os 2
SWH 8223.68% Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 256
o 60.800 usec
DE 6.00 usec
TE 2971.3 K
oL 1.00000000 sec
00 1
wmmsmmne CHANNEL £l s===sees
HOCL 10
P 12.00 usec
PLL -4.00 d8
SFO1 400.1824713 MHz

F2 - Processing parameters
SI gl

sF 400.1800078 MHz
oW =]

558 [

La .30 Hz
GB

BC 1.00

R S I

naph

Currest Data P
Wi

X e

TRERD

I = hogquisition Faramstars
Bats II40E09
Tiss 3.7

-4.20 &
srol L8R, 6340046 ma

wy
ForDd

FLT
FL1Z 15.80
FL1)

L3
a
13.00 =&

srol A0, 1ELEEET mEa

F2 = Procesaing parasatars
[ 17

103, E253442 Sz
i
Q
1.80 me
a
1.40

T
200 180 160 140 120 100 80 B0 40 0 o ppm
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iy O

OH

Lmad

H,N
MM BN AN MY R OO IO M T AN OGO & E e -
CEAYMO OB YUrMHNCDEEUMNOOnAR PN ANdC R NN
R g e R e e R A R o e e =gl g e e NS e R e Y - n
O e e e e e e e e PR e 04 00 e o8 00 s o 0 od el o P e e e
Current Data PATERetsrs
HAME MEYIE-3004
EXFNC "
FROCHD H
Fi = Acquisicion Parameters
Lk 20060334
L Tims 21.47
I dpxa 08
PRONED & nm BBO 130-1
FULMROG 1g10
™ eFall ]
SALVENT encta
¥
a
8323, 685
0. 350967
1.9523404
333.5
60800
&, 08
i 303.3
1.00000008
2. podg0das
4. 01550203
= CHAMNEL f1 =
1R
[ 1]
1.08
400,1334718
Fi = Procdlaing pAramstars
5t 16384
] 400.1200283
Wi )
I ]
L 830
ol @
1.80
i Lq.l-p— L
T T T T T T T T T ] 1 1 L] 1 L] | i | T T
956 90 86 B0 7.5 TO 66 60 55 50 45 40 36 30 2.6 20 15 10 ppm
=
3 e
| [# k] =l
HHZ
2 R%3 I 8§
: 2=
S FEEF & s3 B R
Vo
Current Dats Faramstsca
NAME ey 37 -21006- hayasid
e i
FROCHD i
Fi = Roquisitios Parssaters
Cata_ 10080517
Tims
IHITRIN
FhomhD
TFULTROG
0
SOLVEST
L]
-]
un
FipmES
Ag
BG
o
- 4
]
5l
dl1
PELTA
b
wuci
¥l
rl 4.0%
srol 1006354038 Max
Lory
CriFRG waltelé
BUC gl
| o ] 10,00 wamc
) -1.00 &8
! ] 15,09 &
Fild 15,59 a8
sroe 400.1914007 WMz
Fi - Processkn EaRaT &l
| | | a1 T
ar 1506353438 s
WO ™
EE1]) a
1B T
T T T T T T o T T T T T ﬁ l.lg
200 180 160 140 120 100 80 80 40 20 0 ppm
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Current Data Parameters

RAME April-2006-hayashi
EXPRO 20
PROCHO 1
F2 - hoquisition Parameters
Date_ 20060422
T 4.21
IRSTRUM APRET
PROBHD & mm PABBO BB-
PULPROG 2q30
k) BS53E
SOLVENT €pCl3
NS 16

2
8223, 605 Hz
0.125483 Hz
3.9046387 aec

101

60.800 usec
6.00 usec
98.1 K

oS
FIDRES
RO

RG

Lo

1= 298.

ol 1.00000000 sec
™ 1

wmammmms CHANNEL fl sws=saas
wUCL 18

Pl 12.00 usec
PLL -4.00 da
SFOL 400.1824713 MMz

F2 = Processing pacameters
32768

4 5F 400.1800362 MHz
WOW EM
558 0
L8 0.30 Hz
G ]
PC 1.00

J

T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 ppm

o
ﬁ’:f " Er_\“&
& o = g
= - o -
H] 3 = -] mmms w omoEn mEn=g
1 . A258F = L iR H
- ] &
H] 3 2 = EEEZ 3 2 5% 2RARZ B n
Curfest Dats Farsmstsrs
HAHE ﬂ:rl!-“ﬂi-h-l;l-lhl
EXFHG 3
FROCKD 1
Fi - hoquinition Facamatars
Cata TRIEDAIT
Tima [
EHETRIS
FROBHD
HILFADG
™
SOLVENT
5
el
SHH
FICRES
L
BG
=
3
TL
61
a1y
CELTA
O
WUCH
FL
FLl -4, 03 d
$r0l L00. 4354036 HEz
CHANNEL 1
] waltzll
wocd 1
= BE.OD ubes
(1] =4.00 dB
PLi2 15.00 db
[T 15.00 db
srod 430, 1016397 MHz
Fi - Frocessisg parusateca
a1 HTE
ar 100, 6253410 pome
—— - ™
e ]
L8 1.0 Mz
=
T T T T T T T T T T T [ 1.4

00 180 160 140 120 100 ] &0 40 0 0 ppm
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re=H
EXFS Fil
| PROCHD 1
Fi = Requisiticn Parasaters
Bat_ 20560518
Tise 3.9
[NSTRIN dpmddd
FROBED 3 mm BB 13C=1
FULERGS 1
SOLVENT (=]
] "
8 q
SWH [Fram LT
FILRES 0.330967 Ko
&G 1L BRI se0
" 1014
] 3. 950 zang
; o .90 waac
[ " 3.2 ¥
/ o 1.00020080 pac
PCRERT £.00059020 B40
IJ CWRE 01580000 mes
| CRANMEL £1
| e I
, | " 8.0 mias
ni 1.00 a2
FEH 402,1334720 P
Fi = Précesaing parasatocs
] 5T Le}a4
r 403, 1100008 BT
. wow [
238 ]
i i 0.50 me
[~ | a
| [ 1.40

T ™

T 1 T T T T T T T T T T
85 90 85 BO TS TO 65 60 55 50 45 40 35 30 25 2.0 15 1.0 ppm

E B8 (EEEE

EE i R Zg2 3 Z= ngsss

s B o e b b 1 L L

=% E RoEnE FEF 3 #3 dddsd B R

! | 1 | v | 1 | ]

|

I.I vl I|| '|I
Curpsat Dat ";w“ll
HAMD Ha - ‘-hi’llhl
EX 0 h {
PRS0 1
2 = Acquisitics Pacasatecs
Cane ANE0RLE
Time 4.3
INSTROW »
i P, 4
PULFROG E 3
E i
SOLVINT cocLd
W 1534
oS 4
FHH QDN 4L Ha
FIDRES @066 Hz
AG Ll
L
- Ll
o uses
TE L3
1] Ll
ail aec
TELTR Ll
k-]
L
Fl used
FL1 an
&l HHE
CRDFRGD
ST
oo ussc
Fi3
FL1Z dn
FL1Y 15,53 db
srog 400. 1814057 HHz
F2 = Frocesai ramatars
a1 " H!!T“
sr 100. 8330460 WHz
T -]
55n L]
L 1.88 AE
3 L]

T T T T T T T T T T T P 1,88

200 180 160 140 120 100 BD &0 40 0 0 ppm
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14 45

10
13
12
1
su 1 i 1 10 1
4000 3000 2000 1000
" ‘Wavenumberlcm=1]
NE 64 i ] 4 em1
gﬂ?!'}‘/‘)’ o TRIAH—a Cosine
A 1 AFyLAE—F 2 mm/sec
=[] 108/08/08 11:28
NEX
FrAILE acetal-alchal. JNS
$LTNE
EFas At
1: 3336.25, 778507 2: 294959, 56.6799 3. 2868.50, 63 4192 4: 1608 34, 90 5055
5: 150420, 60,5530 6. 1487.81, 51,2385 7: 143880, 658965 8: 124388, 56 3838
8: 118784, 80.8188 100 1104.05, 85,8007 11 1040.41, 57.2000 120 63820, 758035
13: 800.96 79,3508 14: 748.25, $1.3845 15:  653.75, $0.5115

S40




0,
\

OH

,.,,,O
A eSO MO OO T O T OO AN AN OSSP @ WD
CErErGoosanmcoEsRT ;h.:wmqnﬁnsﬂ"ruun T
qqﬂlqﬂ_qqqqqqﬂtq I-I:-u:'ur_'v;iwﬂhuu_uu EEEE LR R R L
L R L L L L L L L L L L L LT

i

HAME - B22E
EXPNC m

[ =] i

Fi - hopaleition Farameters
DA T
Time 18,30
ANETE N a9
MAEES  §oss B 130-1
PULIROG

™ 33
SRLVENT

il

=

ol W31 608 Wz
TIDRES 3. 352987 Hx
A L. #EIhadd seo
R ELL Y

o T, 80P usst
o 6,08 ussc
b | 3.3 K
o1 L. ODEAGORE seo
MIEEET 3, BRE0008 sl
MR 2. 01830088 med
swsEsnes CHASHEL 1 sesmssms
ri [T
PLL

1.8 &
AOB. B3N TEG mona
~ PToCassing FAramacers
16384
4001362087 Mz
B
[
9.30 Hzx
&
188

8.6 8.0

T T T T L T T
86 80 76 TO 85 &0 B8

T T T
B0 45 40 35

0

26 20 1.6 1.0 Ppm
-
= B
Fr
3 £ i1 ngs =
- & v nEE .
L 3 L EFFd 2 B R
Currest Date Parasst
MNAE  Junbl-d
EXPRO
FROCHD
F = ASquisition Parass
Date_ 20040400
Tima 1.1
INSTIOH apaEL
FROBND 3 mm PANBD BB-
FoLRoG Im:ﬂ
™ 4
SOLVENT cocll
us 1034
o ",
s 24004461 Ke
FIDRES 0.J44TH Hz
M L. IRILE e
u 4
™ 20, B8d use
e &.00 oamc
L 887 E
I 1.00000030 pes
. a1 2.01400030 wec
ELTA LUEBBIRESE nac
1
CHANWEL £l
il 136
Fi T.20 waec
FL1 =400 &
a0l 100, 6134306 poa
CHANNEL 7
CROFRGT waltsld
el 1H
rrnl BE.00 uaee
mnr =4.00 dm
iz 15.00 &N
K1l 15,00 48
sral W00, 1816307 M
ff = Processlng Hru_:-l“u
ar 108, 6253427 M
WO L]
AZN [
L .00 He
Gt o
T T T L T T T T T T T e 1.40
00 180 160 140 120 100 B0 60 40 0 0 ppm

S41



-0 T R

EE-

ol

S42



OH

s .
| / 'O

Er"ﬁﬂ“ﬂgm
l'MN"'SD -
LSRR Lol ol ol
(Rl R R

2

L L L L - b ]
CHREAANOI PN AR SN AN DN
WAV S B ESOEERE S S AR e NN
e O e e e e e e

IS

Tima o

[HIFTHL dpmd 23

FROBED B owe BBD 133-1

e RH

0 3ETE

SALVET it ]

) w

ol &

HWH 3 4E Hy

FIomEs B 25p0dT HE

:2 1. seE
=M. T

£l 0. BB umes

Gk &30 usen

T 032 K

61 1. BREa A

HERENT 9, BET0000 aaa

HOWRE 2.01520000 sad

CHeEL 11

HUEL i

Pl 810 usee

Rl 188 di

s LLERE IR -

Fil - Frocessing paramsters

51 181

Fi 400, 110088 MiE

WoN B

=il &

ol 0.3% HE

on &

L 188

T T T T T T T T T T T T T T T T T T
96 80 86 BO 7.5 T.O0 85 60 B B0 45 40 35 30 25 2.0 15 1.0 ppm
a8 a8 @ e
22 = [FRARR
thig
-
: e 383 = 3og mEas
] EEL FEE & <Sdg ddds B R
Current Dats Parassoer
RART Sl - PR E-Rayeahl
EXFW0 s
PROCHO 1
I - Moquiainion Parasstecs
Cata_ Teasoeas
Tima 604
INSTRON
FROEHD
PULPRSG
T
SOLVENT
W3
]
SuE
rIeEs
L]
Bg
o
oE
TE
Bl
dil
BELTA
THAMSEL EL
NUCL
" T.30 waeo
Lt =400 a8
arol 184, BJ54804 MMz
113
CROMRIY walugld
HuCl 1K
s B0.00 ussc
X =400 8
Rz L5.40 a8
reid 1%.00 4an
srog 400, 1016207 WHx
i - Processisg parasaters
" 5T Arrea
ol 150, 2540 mHg
Wi (=]
42 a
LA 1.00 Eg
T T T T T T T T T T g 1 .g
180 160 140 120 100 80 &0 40 0 ppm

S43



' gvirnmba o - 1]

3z
]
L

23
i
b

e

§28
SRR
=83
134

L b

e
e
AeH

#ad

S44



OH

oi 1.G0033400 e
HCREST 2, 00023000 sad
HIRE 3. 010900 aeg
(= SO
NUCL iR
Fl B L0 ead
i L. 08 d8
skl 499, 1334710 W2
Fil = Profédsicg Phraseiars
a1 LETM
aad . 11aadRd mHa
B
]
9.8 ER
]
L.e@

T T T T T T T T T T T T T T T T T L]
95 00 85 80 T& TO 65 80 66 50 485 40 35 30 25 20 15 1.0 Ppm
-
Fsﬁlﬁ H.‘J jﬂ”:l |I.‘!||
H 2233 3 P
H 5884 3 : s=sdsas B n
i TRYR
Il I I‘f'l '.’I
Tufrest D4l4 Pacelllercd
Rt | Jurdd=abed
EE L
kY
Fi = Rogulélfilion Mrasslecs
Ihl.- 10842
- ]
mas i -b!r-:l.
oo i
SGLVENT R=csit ]
E- ] 113
s a
E ] H184T.130 Ex
FrORas LT ITEEN c]
g L. 03EEED mac
L) ELTT
e L
on .0 wlwc
k1 ] MIIAK
o 3, 00482080 mac
il 5. ededI0gd
DEZTR ER T
e R &, 08003080 maa
MINRE . oERSI0EE
CEmryr. #1
LR
M
Ml
| i #ra1
| |
| CPOPREI
| FDY
Ll
PFLL3
FLLY
RN
‘ ‘ Fi ¢ Processlng pafesciacs
L H TR
EF ien. FRI3T7T Bln
- L 4
Ty a
i H -
T T T T T T T T T 4 .-
200 180 180 140 120 100 BO ED 40 0 ppm

S45



3024 80,

149167,
1288 22
1030. 77,

4 o=l
Cosine
2 mm/s0c

11.1838
5. 0814

14,0086
23,8334




(o] o
/J/U’JLXDEI | Et
Ph W[:> Ph W[:>

£ DD S A L Ll L - L L ik
Mo € D R B e £ A e S D o R e B
5 0% 7 09 04 D B P Bl & th o M @D D DS &S DD S

== -

wwnn

T.350
6,945

-
D
-
e

7.258
T.185
6. 964
6. 388
6. 348

@ W
- ]
o -
- -

-
-
=
m

1.644
1.31%

]
-
oo
.

1.283

[ s W L e L T T

B Nl e Gl

o

hﬂ?-ﬂl?!‘

e

i

!gﬂ:ﬂi!!iliis

ame

1.50 @
ABD1IIATEG EHa
= Frocessing parsmsters

i
AGD. 1T mHa
(=}

i

T T T T T T

T T T
85 80 75 T.0 65 BO 55 50 45

A3l ge38

T

T L
5.5 9.0

T

40 35 30 25 20 1.5 1.0

BiE [E%EE

T T T T T T

g

B IzxEdgg
® §YVYSRA

[NV

(LR

:

4ll

-P
!l'!!!:f

I!iﬂitil 1==5i iigz"""i"'i' i
A
] I

0
ik

908 AWEERUE

i"i‘i

S46



m

wle
M
e
a
| a1
e
A
o
Thr
1.9
=
=
= e
i
"
355 h n
k)
A
- L]
& Sk
B TN
0 W %
EYLOEMN:N

i
gs
g9
88

S47



CO,Et

g =2i §E333 Ez8 = R "“"“_-nm
.- L Y -1 L E-T-1- o uwaEocoo - =5 = =
B 3= fzsesges--usssescess iwess jamecees oo B m..m.“;_u.m
[z 370 gameeThE c TH 3 i 31T AR 1
g & & 83 38 sys : £
ﬂ M - 1ll. - H
m w “ 3 mmmw.uum-uuunmmmm fo2k mmnu H uanuumnww
i H &
[ | mmmm . g qusBfase Lo

|
T
ppm

BTZB T
988" T
6¥E°T
958" 1
E¥0 "2
¥IE'E
SEE°E
SF¥EE
TSE'T
s9t°e
[1:1 9 4
¥6ET
LEF T
SE9°E
4 40 4

Lt

- N
—66°0 FiL
P ferT Ve rr
860 Hd
=§60 i
=860
ﬁ.; Nott il
T\S6 1 Yip e ——

[E RN
BEA wwwu
P

AN

—oo'z

ok 521
pte N
e g o Rl —
J/E o6 EEL
FICR AT

P | —

|
4

L¥L L
S9T°L
E8T°L
ooz L
09z "L
SLTL
¥6T L

N

L
\

S48



n

L]

3

108885 1133
L
3huh

O b
FFroEnen

nAE
g5
BER

g8

BER
HSHE
R

-

HH
=2
Fig
i

4
EERG
Ifs
5388

S49



OTBS

OTBS

i

Current Dats PATEmstaT
nANE Sandl - 3ad
BRI k)
FROCHD 1
- wl.l:l.ll.-i. Pazasatazi
DaLa_ LT
Tima (LN ]
I AR B
FROBED 5 =m BBO 13O0
PULFROG

™ i
EALVENT coala

g L]

oy 2
s K333 i ma
FECRES AT R
Ay LoENRIARE T
L At

o 60090 mem
oF .00 s
T 181.3 K
Bl L.99002300 s
HEREST £.90052300 wed
HCWER 2 BLRSIE00 B

semsmsss CHASNES 1! smssssmi
WL 1K

L LT
rhi 1.00 48
sRSL 490.1334710 ws

Fl - Frocessing parasstasd
5l 18

I
sr ANE. BNE0RTD wHE
o -
=i (]

LB 0.34 B
ok 2
L= ]

T T T T T T
96 90 86 80 76 TO 85 B0 55 B0 4B

o g

T T T T T
40 35 30 26 20 1.8

3
TOEYEE
::::E:::::::::;: aps 2 m=zgra 7 =
AEsszsm-sssreEEs e o od B [, ]
e e b e e e e e oo - RS AA A =
i1 1 [N
AN Vol N
CufTabt
nand Santi-zaad
EEY kL]
TR 3
F2 = Requisition Parasabass
Li_ J0MSEa1
- =]
Ll
- - N -dﬂ‘r-:l.
PULFROG I'rild
™ 5508
ALY (=S
HE 7
(-] ]
WK JLET LN) BN
FICRES A48 N3
A 5, BREREEY Bms
ma iz 4
=) il 1ol uses
= | .00 used
™ 1.3 K
Bl 3 A0pAG240 ewme
411 0. AFMOIA0 S8
DELTR 1. AFFREFNEE s
HORAET & A0MIG4d sma
Ll= 1} CRCES ELEET )
L i
WUaL .
28 #0000 uses
i 3 a4 &8
el o, B34 15d KX
CHReEL £3
(= wmitaid
L= bt |
fas -] B9 90 usey
Fi*]) a0 &8
L3 F T
Ll 33 40 4B
arad 45 13LlEzad WER
Fi = Procedilng pafums
an 1TTER
o L8, BLETTLE MER
o =
1] []
¥ ] 1.40 AR
) -]
T T T T T T T T T h 548
200 180 180 140 120 100 80 80 &0 0 Pppm

S50



S51



senmnes CHAUGEL 1 sssssses
KU ik
l [RTRT
FLL 5,00 AR
SrOL 400, 1124 TLD MRE
:r% = FEOTASslig PArasacers
[
) LLEREELE T ]
WO B
SAB ]
L 0.90 HE

1 ol @
e 1.99

T T T T T T T T
96 90 86 80 T6 TO 86 60 66 S0 465 40 35 30 25 20 1.5 1.0 ppm

J

CARBON )
% AEE LY i 8 & 1
2 £ed Uz ¥ 8 8= - B R
W | [ | i
l_ | |
Curiant Data Parassnsss
HazT Juprdd-Tiak
EXPRT 1]
PROCHD i
F2 = Aocguisition Paramstecs
Bats_ TROREED
T 3. 3%
IHITHL® 0
RCAHD §omm CPEOL LK
FULFROG it
SOLVENT ooy
L] 11599
[:1 ] 4
AWE A3971.223 H=
rIsaEs O.S4MTT Hz
&g 3, FL10L4) mac
= HiEE, T
[ X800 umes
cE 1] el
TE I%.0 &
[0} 1. 00300800 sec
dl1 P.0MO0M0 sec
CELTA 1. 0¥ RN asc
mOREST B 00SIGEA0 Bec
001390840 aec
[ #!
WU (1
" 1699 umse
mni =490 4B
aroy 153, FL7 30 Mz
CEANELL B3
SFDFRGY wiluald
WU iH
PCFDE 190.00 uses
e =400
a2 .00 4B
FL11 .30 dB
LESe¥] &0E. 1 JEAEAS mEHa
Fi - Poecessleg parsmstecs
5T AzTEe
N q ar 1%0. #0206 Bz
- e O Lol
FEL) L
,.".. 1.84 &
L T T T T T L T e i .g
200 160 140 120 100 80 &0 40 20 0  ppm

S52



|

&
2
# Fa
&N
m -
1Bu= n
I
Bl
R - 4
Era T
[ 14} L]

FH-mENF N

e

21
o

a1e
ERE
98
s

S53



OH

Ph “uy ~OH
No title L R R R N I R R PR R
MaMAONO~ccCcrY ORI OO0 ROROAR
Lol ol ol T T T R T B I I T I I I R B R I B B B B R R R ] . -
Qurrent Data FATAmecars
HAME mm-zog:
FPROCHO 1
F3 - Acquisition Parameters
Date_ 20060338
Tima 22.37
THETRUM Apxa 80
FROBED 5 mm BBO 13C-1
PUL 2930
™ 327468
SOLVENT cnald
LE )
od
SHI $323, €88 M3
FIDRES 0.250987 Ha
g 1.9523444 sac
rd 1290,
o €0.800 use
DE .00 use:
T 303.3 K
o 1,00000000 sac
MOREST ©. 00000000 Bag
MOWRK 0.01500000 sed
smemnass CHANNEL £1 aem
HUCL 1K
PL 8.10 use
FLl 1.00 a3
sP0L 400.1324710 MiE
p: - Processing parameters
5
a9 400.1300093 Mz
WO ™
£48 L]
| La 0.30 k3
| ol
) ] 1.00
T T T T T T T T T T T T T T T T T T T T
96 9.0 85 80 76 7.0 65 60 556 650 45 40 3.6 3.0 25 20 1.6 1.0 ppm
- el e e
‘ wer 233 2% % : R
5 W :
T 3a% FEEE S 5 8 - n
HIIJrIJ .I | .I |
urpest DAbL ParaSstecs
HAME Haydl-200d
L 31
PG £
Pl - Acgeliiticos PRraseters
DaTE_ EELL L
Tum 14. 31
TRITRN [
PRGEED 0 owm RS 1iC-3
PILPRDG : 1]
™ [ItEr
SOLNENT 3
HE a?
oE 3
sl 11#47.13) K3
FIDREN R TR
A L TR sac
B3 adea.
=] 18790 Nbmc
oE §.50 whac
T 1.3 K
Bl 3, 000080 o
dii B OMEREI0 e
CELTR AL ARERR YRS e
HCREAT £ ORRIOTE0 B
A £, 0LB000 B
[= - T S
mURi a2
FL 335w
i 3,80 48
a1 iop. 434358 MEx
seammnss CHMNNEL £3 ssssmmed
CROPRES waltele
Wil LR
| PoIGa #.00 usel
FLI 3.00 4B
| FLED 31,58 4B
L PLLD 300 4B
P TECIE EPETT R
|
Fi = Processing pdfase
51 AT
B 120 #1376 Mz
i el i | =
5N []
A 8,00 B2
30 ]
T T 1 T T T T T T [ 140
200 180 180 140 120 100 80 &0 40 20 0 ppm

S54



1OATE0 1S
Lt
AdTE

38-

k3

N
o

w
[ Ll h..-—..J
RS (L

F¥F-oEnn

o
¥
2ge
gis

—mn

35
=89
=
g2

-

38z
bt £
=87
giz

CL T

Shel
2

8=
#sas
1383

S55



