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General Experimental Procedures

All reagents were obtained from the Acros, Aldrich, or Lancaster chemical
companies and were used as received. All moisture sensitive reactions were carried
out in dry glassware under a N, atmosphere. Tetrahydrofuran was dried using a
Solv-Tek purification system employing activated Al,Os. All reactions were carried
out in dry glassware, and were monitored by TLC analysis using GFs4 silica gel
coated plates. Merck silica gel 60 (230-400 mesh) was used for chromatography.
'"H- and *C-NMR spectra were recorded in CDCl; on a Bruker DRX-400 or
DRX-500 spectrometer operating at 400 MHz for 'H and 100/125 MHz for "°C
analysis. Gel-phase *'P-NMR analysis was performed on a Brucker DRX-400
spectrometer operating at 162 MHz. Chemical shift data is expressed in ppm with
reference to TMS. Elemental analysis was performed at the Shanghai Institute of
Organic Chemistry. HR/LR EI-MS data was recorded on a Finnigan MAT 96 mass
spectrometer. The general morphology of the polymer beads was observed by SEM
using a Hitachi S-4800 field emission scanning electron microscope. LC-MS data
was recorded on a Waters 1525 high-performance liquid chromatography apparatus
equipped with a Waters 3100 mass spectrometer and a Waters 2998 photodiode array

detector.
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Synthesis of RR-PPh3-NBnEt; (2). A solution of sodium ascorbate (8.0 g, 40.4

mmol) in water (190 mL) was shaken with a

O—-N
n solution of TEMPO (3.8 g, 24.3 mmol) in Et,O
& C
* O O (150 mL) until the organic layer became pale
PPh; NEt orange. The Et,O layer was separated, dried

2
over MgSO, and concentrated in vacuo to afford

an orange oil. The oil was then dissolved in dry DMF (30 mL) and added dropwise
over 10 min to a stirred, septum-capped flask containing NaH (2.1 g, 53.5 mmol, 60%
mineral oil dispersion) and DMF (30 mL) under N,. After 1 h 4-vinylbenzylchloride
(2.5 g, 16.2 mmol) was added, and the mixture was stirred for 12 h more at room
temperature. The reaction mixture was diluted with Et,O and washed with H,O.
The crude product was purified by silica gel chromatography (100% hexane) to afford
2,2,6,6-tetramethyl-1-((4-vinylbenzyl)oxy)-piperidine as a brown oil (3.7 g, 83%):
'H-NMR (300 MHz, CDCl3) & 1.14-1.35 (m, 12H), 1.47-1.61 (m, 6H), 4.81 (s, 2H),
5.22(d, 1H, J=10.9 Hz), 5.73 (d, 1H, J=17.6 Hz), 6.71 (dd, 1H, J=17.6, 10.9 Hz),
7.30-7.40 (m, 4H).

A solution of acacia gum (4.0 g) and NaCl (2.5 g) in warm deionized water (45
°C, 100 mL) was placed in a 150-mL flanged reaction vessel that was equipped
with a mechanical stirrer, and deoxygenated by purging with N, for 2 h. A
solution  of the JandaJel  cross-linker  (0.081 g, 03  mmol),
2,2,6,6-tetramethyl-1-((4-vinylbenzyl)oxy)-piperidine (3.7 g, 13.5 mmol), and AIBN
(0.076g, 0.46 mmol) in chlorobenzene (4 mL) was injected into the rapidly stirred
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aqueous solution. The resulting suspension was heated at 85 °C for 20 h. The
crude polymer beads were collected, washed with hot water (3 x 100 mL) and then
placed in a Soxhlet extractor and washed with refluxing THF for 24 h. The beads
were then washed sequentially with methanol, diethyl ether, and hexanes, and dried in
vacuo to afford 3 (2.8 g, 74%).

A suspension of 3 (0.6 g, 2 mmol), 5 (5.8 g, 20 mmol), 6 (3.8 g, 20 mmol) and 4
(10.4 g, 100 mmol) was heated at 130 °C under N, for 48 h. After cooling to room
temperature, the resulting polymer was shaken with CH,Cl, (25 mL) for about 5 min
until the resin beads floated loosely. The resin was collected by filtration, placed in
a Soxhlet extractor, and washed with refluxing THF for 24 h. The beads were then
washed sequentially with methanol, diethyl ether, and hexanes, and dried in vacuo to
afford 2 (12.4 g, 62%). Elemental analysis was used to determine the
phosphine content (3.3%), nitrogen content (1.5%) and thus a loading level of 1.05
mmol PPhs/g, 1.06 mmol NBnEty/g. Gel-phase *'P-NMR analysis of 2 confirmed

the oxidation state. A single peak at & -6 ppm was observed.

General Procedure for Wittig Reactions

To a solution of the aldehyde (0.5 mmol) and the alkyl halide (0.9 mmol) in
CH,ClI, (5 mL) was added 2 (1.0 g, 1.0 mmol). The reaction mixture was stirred at
the required temperature until TLC analysis indicated that the aldehyde was
completely consumed. The reaction mixture was then filtered through a plug of
silica gel. After washing the polymer with CH,Cl, (2 x 50 mL), the combined
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filtrate was concentrated in vacuo to afford the desired product. All alkene products
were characterized by 'H-, "“C-NMR and LR/HR mass spectroscopy.

Steroeoisomeric ratios were determined by "H-NMR spectroscopy.

Procedures for the Synthesis of Piperine
(E)-3,4-(Methylenedioxy)cinnamyl alcohol.! To a solution of Ba (1.0 g, 4.5 mmol)
0 Non in dry THF (20 mL), was added dropwise
<O:©/\/\ diisobutylaluminium hydride (18 mL of 1.0 M solution in
THF) at -78 °C over 1 h. The mixture was stirred at this temperature for 3 hours
more and then it was then quenched by adding water. The reaction mixture was
diluted with Et,O and washed with H,O. The organic layer was dried over MgSOy,
filtered and concentraed in vacuo. The crude product was purified by silica gel
chromatography (20% ethyl acetate/hexane) to afford
(E)-3.,4-(methylenedioxy)cinnamyl alcohol as a white solid (0.5 g, 60%): 'H-NMR
(400 MHz, CDCIl3) & 1.69 (s, 1H), 4.28 (d, 2H, J = 6.0 Hz), 5.95 (s, 2H), 6.16-6.23
(m, 1H), 6.51 (d, 1H, J = 16.0 Hz), 6.74-6.82 (m, 2H), 6.92 (s, 1H); *C-NMR (100
MHz, CDCls) & 63.6, 100.9, 105.6, 108.1, 121.0, 126.5, 130.8, 131.0, 147.2, 147.9;

MS for C;oH;¢0O5: caled 178.2, found 178.1.
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(E)-3’,4’-(Methylenedioxy)cinnamaldehyde ~ (7).!  To a  solution  of

o :©/\)CI)\H (E)-3.,4-(methylenedioxy)cinnamyl alcohol (0.5 g, 2.7 mmol)
<O in CH,Cl, (20 mL) was added MnO, (1.5 g, 16.2 mmol) at
7

room temperature. The mixture was stirred for 24 h, after

which the suspension was filtered through a plug of Celite. The filtrate was
concentrated in vacuo and the crude product was purified by silica gel
chromatography (10% ethyl acetate/hexane) to afford 7 as a white solid (0.5 g, 97%):
'H-NMR (400 MHz, CDCl3) & 6.05 (s, 2H), 6.56 (dd, 1H, J; = 16.0 Hz, J, = 7.6 Hz),
6.86 (d, 1H, J = 8.8 Hz), 7.06-7.08 (m, 2H), 7.38 (d, 1H, J =16.0 Hz), 9.65 (d, 1 H, J

= 7.6 Hz) ; >C-NMR (100 MHz, CDCl5) § 101.9, 106.8, 108.8, 125.4, 126.9, 128.6,

148.6, 150.6, 152.7, 193.6; MS for C;oHgOs: calcd 176.2, found 176.1.

2-Bromo-1-(piperidin-1-yl)ethanone (8). To a solution of piperidine (0.5 mL, 5

O
mmol) and triethylamine (0.6 mL, 5 mmol) in CH,Cl,, bromoacetyl

Br\)J\
o O bromide (1.0 g, 5 mmol) was added dropwise at 0 °C. The mixture
was stirred at this temperature for 1 hour. The organic layer was
washed with water, saturated ammonium chloride and saturated sodium carbonate
solution. Then the organic extracts were dried over MgSO,. After filtration and
removal of the solvent, the crude product was purified by silica gel chromatography
(100% ethyl acetate) to afford 2-bromo-1-(piperidin-1-yl)ethanone as a yellow oil (0.7
g, 65%): "H-NMR (400 MHz, CDCl3) & 1.57-1.66 (m, 6H), 3.45 (m, 2H), 3.56 (t, 2H,

J=5.2 Hz), 3.87 (s, 2H); >C-NMR (100 MHz, CDCl5) & 24.1, 25.2, 26.0, 43.1, 47.8,
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164.9; MS for C;H,BrNO: calcd 205.1, found 205.0.

Piperine.! To a solution of the (E)-3,4-(methylenedioxy)cinnamaldehyde (0.1 g,

Q 0.5 mmol) and the
e) X N
<OID/\/\)L O 2-bromo-1-(piperidin-1-yl)ethanone (0.2 g, 0.9

mmol) in propan-1-ol (5§ mL), 2 (1.0 mmol) was added. The reaction mixture was
stirred at the 80 & for 24 hours, and then filtered through a plug of silica gel. After
washing the polymer with CH,Cl, (2 x 50 mL), the combined filtrate was
concentrated in vacuo to afford piperine as a yellow solid (0.1 g, 94%): "H-NMR (400
MHz, CDCl;) 6 1.58-1.66 (m, 6H), 3.52-3.63 (m, 4H), 5.96 (s, 2H), 6.43 (d, 1H, J =
14.8 Hz), 6.74-6.97 (m, 5H), 7.37-7.42 (m, 1H); “C-NMR (100 MHz, CDCl;) &
245, 25.5, 26.6, 43.1, 46.7, 101.1, 105.5, 108.3, 119.9, 122.3, 125.2, 130.8, 138.0,

142.3, 147.9, 148.0, 165.2; MS for C;7H;9NOs: calcd 285.1, found 285.2.

LC-MS Analysis of Synthetic Piperine

Solvent system

Time (min) Acetonitrile” (%) Water” (%)
0 50 50
15 95 5
20 50 50

%0.05% TFA in acetonitrile. °0.05% TFA in water.
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Results:

Retention Time (min) Integrated Area Proportion (%)
10.61 (2E, 4E) 9693883 93
10.91 (2Z, 4E) 601081 6
11.16 (2E, 42) 124360 1
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Wittig Reaction Product Characterization Data
Ethyl cinnamate (Aa).> 'H-NMR (400 MHz, CDCl3) & 1.34 (t, 3H, J = 7.2 Hz),
o)
S 427 (q, 2H, J = 7.1 Hz), 6.40 (d, 1H, J = 16.0 Hz), 7.38-7.40 (m,
OEt
3H), 7.52-7.53 (m, 2H), 7.68 (d, 1H, J = 16.0 Hz); "C-NMR
Aa
(125 MHz, CDCl;) 6 14.4, 60.5, 118.3, 128.1, 128.9, 130.3,

134.5, 144.6, 167.0; MS for C;1H,0;: caled 176.1, found 176.1.

Ethyl 3-(benzo[d][1,3]dioxol-6-yl)acrylate (Ba).? 'H-NMR (400 MHz, CDCls) &

o) 1.33 (t, 3H, J = 7.0 Hz), 4.25 (q, 2H, J = 7.2 Hz), 6.00 (s, 2H),

O N oEt
<O 6.26 (d, 1H, J = 16.0 Hz ), 6.80 -6.82 (m, 1H), 7.00-7.03 (m,

Ba
2H), 7.57-7.61 (d, 1H, J = 16.0 Hz); “C-NMR (100 MHz,

CDCl) 6 14.2, 60.3, 101.4, 106.3, 108.4, 116.1, 124.2, 128.7, 144.1, 148.3, 1494,

167.0; MS for C1,H,04: calcd 220.2, found 220.1.

Ethyl 3-(4-fluorophenyl)acrylate (Ca).> 'H-NMR (400 MHz, CDCls) & 1.34 (t, 3H,

o J=17.0 Hz), 427 (g, 2H, J = 7.2 Hz), 6.37 (d, 1H, J = 16.0
X OEt
. Hz), 7.06-7.10 (m, 2H), 7.50-7.54 (m, 2H), 7.65 (d, 1H, J=
Ca
16.0 Hz); *C-NMR (125 MHz, CDCl3) & 14.4, 60.6, 116.1 (d,

Jcr =21.8 Hz), 118.2, 130.0 (d, Jcr = 8.3 Hz), 130.8, 143.4, 164.0 (d, Jc.r = 249.6

Hz), 166.9; MS, for C;1H;FO,: calcd 194.2, found 194.1.
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Ethyl 3-(4-chlorophenyl)acrylate (Da).® 'H-NMR (400 MHz, CDCl3) & 1.34 (t, 3H,

0 J=72Hz), 427 (q 2H, J= 7.1 Hz), 6.41 (d, 1H, J = 16.0

X OEt
Hz), 7.35-7.47 (dd, 4H, J; = 38.4 Hz, J, = 8.4 Hz ), 7.63 (d,
Cl

Da
1H, J = 16.0 Hz); "C-NMR (125 MHz, CDCls) & 14.4, 60.7,

119.0, 129.2, 129.3, 133.1, 136.2, 143.2, 166.8; MS for C;;H;;ClO;: calcd 210.0,

found 210.0.

Ethyl 3-(2-bromophenyl)acrylate (Ea).? '"H-NMR (400 MHz, CDCl3) & 1.34 (t, 3H,

0 J=172Hz), 428 (g, 2H, J = 7.1 Hz), 6.38 (d, 1H, J = 16.0 Hz),
X OEt
7.21-7.31 (m, 2H), 7.58-7.61 (m, 2H), 8.04 (d, 1H, J = 16.0 Hz);
Br
Ea BC-NMR (100 MHz, CDCls) § 14.2, 60.6, 121.0, 125.1, 127.5,

127.6, 131.0, 133.3, 134.4, 142.7, 166.2; MS for C,;H;;BrO;: caled 255.1, found

254.0.

Ethyl 3-(4-nitrophenyl)acrylate (Fa).? '"H-NMR (400 MHz, CDCls) & 1.36 (t, 3H,

o J=7.0 Hz), 4.29 (q, 2H, J = 7.1 Hz), 6.55 (d, 1H, J = 16.0
X OEt
Hz), 7.66-7.73 (m, 3H), 8.24-8.26 (m, 2H); *C-NMR (125
O,N
Fa MHz, CDCLy) & 14.2, 60.9, 122.5, 124.1, 128.6, 140.5,

141.5, 148.4, 165.9; MS for C;1H11NOy: caled 221.1, found 221.1.
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Ethyl 3-(4-cyanophenyl)acrylate (Ga).* 'H-NMR (400 MHz, CDCls) & 1.34 (t, 3H,

0 J=72Hz), 428 (q, 2H, J = 7.1 Hz), 6.52 (d, 1H, J = 16.0

XN
OEt
/©/\)\ Hz), 7.60-7.69 (m, 5H); *C-NMR (100 MHz, CDCls) & 14.1,
NC

Ga
60.8, 113.2, 118.2, 121.7, 128.2, 132.4, 138.6, 142.0, 166.0;

MS for C,H;1NO»: caled 201.2, found 201.1.

Ethyl 3-(2,6-dichlorophenyl)acrylate (Ha).” 'H-NMR (400 MHz, CDCls) & 1.34 (t,

cl 0 3H, J = 7.0 Hz), 4.28 (q, 2H, J = 7.1 Hz), 6.40 (d, 1H, J = 16.0
X OEt
Hz), 7.26-7.54 (m, 3H), 7.99 (d, 1H, J = 16.0 Hz); “C-NMR
Cl
Ha

(100 MHz, CDCls) 6 14.1, 60.7, 126.7, 128.6, 129.6, 131.9,

134.8, 137.9, 166.1.; MS for C;1H;0Cl,0,: caled 245.1, found 244.0.

Ethyl 3-(4-chloro-3-nitrophenyl)acrylate (1a).® 'H-NMR (400 MHz, CDCls) &

0 1.34 (t, 3H, J = 7.2 Hz), 4.28 (q, 2H, J = 7.1 Hz), 6.50 (d,
OaN N0kt
1H, J = 16.0 Hz), 7.59-7.65 (m, 3H), 8.02 (s, 1H);
Cl
la BC-NMR (100 MHz, CDCl;) & 14.1, 60.9, 121.7, 124.3,

128.0, 131.7, 132.3, 134.4, 139.2, 140.3, 165.7; HRMS for C;;H;oCINO4: calcd

255.0298, found 255.0292.
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Ethyl 5-phenyl-2,4-pent-dienoate (Ja).” 'H-NMR (400 MHz, CDCls) & 1.32 (t, 3H,

o J=17.2Hz), 423 (q, 2H, J = 7.1 Hz), 5.99 (d, 1H, J = 15.6
AN
OEt
©/\/\)\ Hz), 6.87-6.89 (m, 2H), 7.30-7.38 (m, 3H), 7.46-7.48 (m,
Ja
3H); “C-NMR (125 MHz, CDCl3) & 14.3, 60.3, 121.3,

126.2, 127.2, 128.8, 129.0, 136.0, 140.3, 144.5, 167.0; MS for C;3H;40,: calcd 202.3,

found 202.1.

Ethyl 5-phenyl-2-pentenoate (Ka).? 'H-NMR (400 MHz, CDCl;) & 1.28 (t, 3H, J =
o 7.0 Hz), 2.50-2.56 (m, 2H), 2.80 (t, 2H, J = 7.8 Hz), 4.18 (q,
X OEt
2H, J = 7.1 Hz), 5.84 (d, 1H, J = 15.6 Hz), 6.97-7.04 (m,
Ka 1H), 7.18-7.24 (m, 3H), 7.27-7.32 (m, 2H); *C-NMR (100
MHz, CDCls) & 14.1, 33.8, 34.2, 60.1, 121.7, 126.0, 128.2, 128.3, 140.7, 147.9, 166.4;

MS for C3H;607: caled 204.3, found 204.1.

Ethyl dodec-2-enoate (La).” '"H-NMR (400 MHz, CDCl;) & 0.88 (t, 3H, J = 6.6 Hz),

/\)(L 1.26-1.29 (m, 17H), 2.16-2.22 (m, 2H), 4.18 (q, 2H, J= 7.1 Hz ),
CgHig N0k

La 5.80 (d, 1H, J = 15.6 Hz), 6.93-7.00 (m, 1H); *C-NMR (100

MHz, CDCl3) & 14.1, 14.3, 22.7, 28.1, 29.2, 29.3, 29.4, 30.9, 31.9, 32.2, 60.2, 121.2,

149.6, 166.9; MS for C14H,¢0;: caled 226.4, found 227.2.
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Ethyl 3-phenyl-2-methyl-2-propenoate (Ab).”* 'H-NMR (400 MHz, CDCls) &

0 1.26 (t, 3H, J = 7.0 Hz), 2.03 (s, 3H), 4.19 (q, 2H, J = 7.2 Hz),

A OEt
W 7.22-7.31 (m, 5H), 7.61 (s, 1H); “C-NMR (100 MHz, CDCl;) &

Ab
13.9, 14.2, 60.7, 128.1, 128.2, 128.5, 129.5, 135.8, 138.5, 168.6;

MS for C,H40;: caled 190.2, found 190.1.

Ethyl 3-(benzo[d][1,3]dioxol-6-yl)-2-methyl-2-propenoate (Bb)."* 'H-NMR (400

Q MHz, CDCls) § 1.36 (t, 3H, J = 7.2 Hz), 2.13 (s, 3H), 4.27

o X~ COEt
<O (q, 2H, J = 7.2 Hz), 6.00 (s, 2H), 6.75-6.95 (m, 3H), 7.61 (s,

Bb
1H); “C-NMR (100 MHz, CDCl3) & 14.2, 14.5, 60.9, 101.4,

108.4, 109.7, 124.7, 127.1, 130.1, 138.5, 147.8, 168.9; MS for C;3H404: calcd 234.1,

found 234.2.

Ethyl 3-(4-fluorophenyl)-2-methyl-2-propenoate (Cb)."> 'H-NMR (400 MHz,

Q CDCls) & 1.34 (t, 3H, J = 7.0 Hz), 2.10 (s, 3H), 4.26 (q, 2H, J
N OEt
. = 7.1 Hz), 7.05-7.09 (m, 2H), 7.36-7.39 (m, 2H), 7.64 (s, 1H);
Cb
PC-NMR (100 MHz, CDCl3) 6 14.1, 14.4, 61.0, 115.6 (d, Jc.r

=21.5 Hz), 128.6, 131.6 (d, Jcr = 8.2 Hz), 132.1 (d, Jer = 3.4 Hz), 137.6, 162.5 (d,

Jc.r =247.5 Hz), 168.7; MS for C1,H3FO,: calcd 208.2, found 208.1.
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Ethyl 3-(4-chlorophenyl)-2-methyl-2-propenoate (Db).”* 'H-NMR (400 MHz,

0 CDCl3) & 1.35 (t, 3H, J = 7.2 Hz), 2.09 (s, 3H), 4.27 (q, 2H,

X OEt i
J=7.1 Hz), 7.31-7.37 (m, 4H), 7.62 (s, 1H); "C-NMR (125
Cl

Db
MHz, CDCl3) ¢ 13.9, 14.2, 60.8, 128.5, 129.1, 130.7, 134.0,

134.2, 137.1, 168.3; MS for C;,H;3ClO,: calcd 224.1, found 224.1.

Ethyl 3-(2-bromophenyl)-2-methyl-2-propenoate (Eb).** 'H-NMR (400 MHz,

o CDCls) 6 1.27 (t, 3H, J = 7.0 Hz), 1.89 (s, 3H), 4.20 (q, 2H, J =
N OEt _
M 6.9 Hz), 7.09-7.24 (m, 3H), 7.52 (d, 1H, J = 8.0 Hz), 7.62 (s, 1H);
Br
Eb BC-NMR (100 MHz, CDCL;) & 14.1, 14.4, 61.1, 124.3, 127.1,

129.6, 130.5, 130.6, 132.9, 136.5, 138.1, 168.2; MS for C;,H;3BrO,: calcd 269.1,

found 268.0.

Ethyl 3-(4-nitrophenyl)-2-methyl-2-propenocate (Fb)."> 'H-NMR (400 MHz,

0 CDCls) & 1.36 (t, 3H, J = 7.2 Hz), 2.12 (s, 3H), 4.30 (q, 2H,
N OEt
J=7.2Hz),7.53 (d, 2H, J = 8.8 Hz), 7.69 (s, 1H), 8.25 (d,
O,N
Fb 2H, J = 8.4 Hz); "C-NMR (125 MHz, CDCl;) & 14.0, 14.1,

61.2,123.5,130.0, 132.2, 135.8, 142.4, 147.0, 167.7; MS for C;,H3NOy: calcd 235.2,

found 235.1.
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Ethyl 3-(4-cyanophenyl)-2-methyl-2-propenoate (Gb).*® 'H-NMR (400 MHz,

o) CDCls) & 1.36 (t, 3H, J = 7.2 Hz), 2.11 (s, 3H), 4.29 (q, 2H,
N OEt
J=7.1 Hz), 7.48 (d, 2H, J = 8.0 Hz), 7.66-7.70 (m, 3H);
NC
Gb BC.NMR (100 MHz, CDCl;) & 14.0, 14.1, 61.1, 111.5,

118.4, 129.9, 131.6, 132.0, 136.2, 140.4, 167.7; MS for C;3H3NO;: caled 215.2,

found 215.1.

Ethyl 3-(2,6-dichlorophenyl)-2-methyl-2-propenoate (Hb)."” '"H-NMR (400 MHz,

cl 0 CDCls) & 1.36 (t, 3H, J = 7.2 Hz), 1.98 (s, 3H), 4.28 (q, 2H, J =
Y~ TOEt 3
7.2 Hz), 7.26-7.28 (m, 2H), 7.44 (s, 1H), 7.68 (s, 1H); *C-NMR
(of
Hb (100 MHz, CDCl3) 6 14.1, 14.3, 60.9, 127.8, 129.2, 132.0, 133 .4,

133.8, 134.2, 167.2; HRMS for C,H2CL,0;: calcd 258.0214, found 258.0215.

Ethyl 3-(4-chloro-3-nitrophenyl)-2-methyl-2-propenoate (Ib).** '"H-NMR (400

o MHz, CDCl3) & 1.34 (t, 3H, J = 7.0 Hz), 2.10 (s, 3H), 4.27
O,N
X
WOB (q 2H, J = 6.8 Hz), 7.53-7.59 (m, 3H), 7.88 (s, 1H);
cl
Ib BC-NMR (100 MHz, CDCl3) & 13.9, 14.1, 61.2, 126.0,

126.3, 131.7, 131.9, 133.6, 134.4, 135.8, 147.7, 167.5; HRMS for C;,H;,CINOy:

calcd 269.0455 found 269.0447.
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Ethyl 2-methyl-5-phenyl-2,4-pent-dienoate (Jb)."”® '"H-NMR (400 MHz, CDCls) &
0 1.32 (t, 3H, J = 7.2 Hz), 2.04 (s, 3H), 4.22 (q, 2H, J = 7.1
NN OEt
Hz), 6.84 (d, 1H, J = 15.2 Hz), 7.01-7.08 (m, 1H),
Jb
7.31-7.35 (m, 4H), 7.45-7.47 (m, 2H); *C-NMR (125 MHz,
CDCl3) & 12.8, 14.2, 60.5, 123.8, 126.9, 127.3, 128.5, 128.6, 136.5, 138.1, 138.8,

168.2; MS for C14H605: calcd 216.3, found 216.1.

Ethyl 2-methyl-5-phenylpent-2-enoate (Kb).® 'H-NMR (400 MHz, CDCl3) &

o) 1.32 (t, 3H, J = 7.2 Hz), 1.82 (s, 3H), 2.52 (q, 2H, J = 7.6

~N OEt
Hz), 2.78 (t, 2H, J = 7.8 Hz), 4.21 (q, 2H, J = 7.2 Hz),

Kb
6.83-6.87 (m, 1H), 7.21-7.32 (m, 5H); *C-NMR (125 MHz,

CDCl) 6 12.3, 14.3, 30.6, 34.8, 60.5, 126.1, 128.4, 128.5, 140.9, 141.3, 168.2; MS

for C14H;30;: caled 218.3, found 218.2.

Ethyl 2-methyldodec-2-enoate (Lb).** 'H-NMR (400 MHz, CDCl3)  0.89 (s, 3H),

o 1.31 (m, 17H), 1.83 (s, 3H), 2.16-2.18 (m, 2H), 4.20 (q, 2H, J =

Cg“lgﬁ)koa 7.1 Hz), 6.77 (t, 1H, J = 7.0 Hz); *C-NMR (100 MHz, CDCl;) &
Lb

12.5, 14.2, 14.4, 22.8, 28.7, 28.8, 29.4, 29.5, 29.6, 29.7, 32.0,

60.5, 127.8, 142.6, 168.5; MS for C;5sH,30,: calcd 240.2, found 240.2.
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4-Phenylbut-3-en-2-one (Ac).? 'H-NMR (400 MHz, CDCls) & 2.39 (s, 3H), 6.73

O  (d, 1H, J = 16.4 Hz), 7.40-7.42 (m, 3H), 7.51-7.57 (m, 3H);
A
W C-NMR (100 MHz, CDCls) & 27.4, 127.0, 128.1, 128.8, 130.4,
Ac
134.3, 143.3, 198.3; MS for C;oH;(O: calcd 146.2, found 145.1.

4-(Benzo[d][1,3]dioxol-6-yl)-but-3-en-2-one (Bc).” 'H-NMR (400 MHz, CDCl;)

5 “ Q5233 (s, 3H), 5.99 (s, 2H), 6.53 (d, 1H, J = 16.4 Hz), 6.80 (d,

<Ow 1H, J = 8.0 Hz) 6.99-7.03 (m, 2H), 7.40 (d, 1H, J = 16.0 Hz);
B

C BC-NMR (100 MHz, CDCl3) & 27.3, 101.5, 106.3, 108.5,

124.7, 125.1, 128.6, 143.1, 148.3, 149.7, 198.1; MS for C;1H;(0Os: calcd 190.1, found

190.0.

4-(4-Fluorophenyl)but-3-en-2-one (Cc).** 'H-NMR (400 MHz, CDCls) & 2.40 (s,

Q  3H), 6.64 (d, 1H, J = 16.0 Hz), 7.06-7.10 (m, 2H), 7.46-7.55 (m,
w
c 3H); “C-NMR (100 MHz, CDCls) & 27.4, 116.0 (d, Jc.r = 21.8
Cc
Hz), 126.7, 130.0, (d, Jc.r = 8.5 Hz), 130.5 (d, Jcr = 3.2 Hz),

142.0, 163.8 (d, Jc.r = 250.2 Hz), 198.1; MS for C;(HoFO: calcd 164.2, found 164.1.
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4-(4-Chlorophenyl)but-3-en-2-one (Dc).?* '"H-NMR (400 MHz, CDCls) & 2.30 (s,

O 3H),6.59 (d, 1H, J = 16.4 Hz), 7.27-7.29 (m, 2H), 7.35-7.40 (m,

X
w 3H); *C-NMR (100 MHz, CDCls) & 27.5, 127.3, 129.1, 129.2,
Cl

D
¢ 132.8, 136.3, 141.7, 198.0; MS for C;oHoClO: calcd 180.6,

found 180.1.

4-(2-Bromophenyl)but-3-en-2-one (Ec).”? 'H-NMR (400 MHz, CDCl3) & 2.42 (s,

O 3H), 6.62 (d, 1H, J = 16.4 Hz), 7.24-7.34 (m, 2H), 7.61 (m, 2H),
N
w 7.88 (d, 1H, J = 16.0 Hz); “C-NMR (100 MHz, CDCl;) & 27.1,
r

Ec
1254, 127.6, 127.7, 129.7, 131.3, 133.3, 134.3, 141.7, 198.1; MS

for CoHoBrO,: calcd 224.0, found 226.0.

4-(4-Nitrophenyl)but-3-en-2-one (Fc).”® 'H-NMR (400 MHz, CDCls) & 2.42 (s,

O 3H),6.82(d, 1H, J = 16.4 Hz), 7.53 (d, 1H, J = 16.4 Hz), 7.70

X
on w (d, 2H, J = 8.8 Hz), 8.23 (d, 2H, J = 8.8 Hz); >C-NMR (125
2

F
¢ MHz, CDCls) & 28.1, 124.2, 128.8, 130.4, 140.1, 140.7, 148.6,

197.5; MS for C1oHoNOs: caled 191.1, found 191.1.
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4-(4-Cyanophenyl)but-3-en-2-one (Gc).?” 'H-NMR (400 MHz, CDCls) § 2.40 (s,

O 3H), 6.77 (d, 1H, J = 16.0 Hz), 7.48 (d, 1H, J = 16.4 Hz),

X
o M 7.62-7.69 (m, 4H); *C-NMR (100 MHz, CDCl5) & 28.0, 113.6,

Gc
118.3, 128.6, 129.8, 132.7, 138.8, 140.6, 197.6; MS for

C11HoNOs: caled 171.2, found 171.1.

4-(2,6-Dichlorophenyl)but-3-en-2-one (Hc).”® 'H-NMR (400 MHz, CDCl3) & 2.42

cl O (s,3H), 6.80 (d, 1H, J = 16.8 Hz), 7.18-7.22 (m, 1H), 7.36-7.38 (m,
X
2H), 7.60 (d, 1H, J = 16.8 Hz); *C-NMR (100 MHz, CDCl3) § 27.5,
cl
Hc

128.7, 129.8, 131.9, 134.8, 1349, 136.7, 198.0; HRMS for

C1oHgCL,O: caled 213.9952, found 213.9941.

4-(4-Chloro-3-nitrophenyl)but-3-en-2-one (Ic).” 'H-NMR (400 MHz, CDCl;) &

O 241 (s, 3H), 6.77 (d, 1H, J = 16.0 Hz), 7.46 (d, 1H, J = 16.4

O,N N
N Hz), 7.58-7.61 (m, 1H), 7.66-7.68 (m, 1H), 8.04 (s, 1H);
Ilc
BC-NMR (100 MHz, CDCls) & 28.2, 124.7, 128.5, 129.6,

132.0, 132.3, 132.6, 134.7, 138.9, 197.2; HRMS for C,oHsCINO;: calcd 225.0193,

found 225.0186.
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6-Phenylhex-3,5-dien-2-one (Jc).¥* 'H-NMR (400 MHz, CDCls) & 2.34 (s, 3H),

O 628 (d, 1H, J = 15.6 Hz), 6.91-7.00 (m, 2H), 7.28-7.39 (m,

X
OM 4H), 7.48-7.57 (m, 2H); *C-NMR (100 MHz, CDCl;) § 27.4,

Jc
126.7, 127.3, 128.9, 129.2, 130.5, 136.0, 141.3, 143.5, 198.4;

MS for C,H;,0: caled 172.2, found 172.1.

6-Phenylhex-3-en-2-one (Kc).*¥ 'H-NMR (400 MHz, CDCl;) & 2.22 (s, 3H), 2.54

O (q,2H,J=7.1Hz),2.78 (t, 2H, J = 7.6 Hz), 6.08 (d, 1H, J =

N
©/\/\)\ 16.0 Hz), 6.78-6.85 (m, 1H), 7.17-7.30 (m, 5H); “C-NMR

Kc
(100 MHz, CDCls) 6 26.8, 34.0, 34.3, 126.1, 128.2, 128.4,

131.6, 140.5, 147.0, 198.4; MS for C;,H;40: calcd 174.2, found 174.1.

Dodec-3-en-2-one (Lc).** '"H-NMR (400 MHz, CDCl;) & 0.88-0.90 (m, 3H), 1.28
Q  (m, 16H), 2.26 (s, 3H), 6.09 (d, 1H, J = 16.0 Hz), 6.79-6.86 (m, 1H);

/\)J\

CoH1g
Lc BC-NMR (125 MHz, CDCls) & 14.1, 22.7, 26.9, 28.1, 29.4, 29.5,

29.7, 31.0, 31.9, 32.5, 131.3, 148.7, 198.8; HRMS for C;3H»O: caled 196.1827,

found 196.1824.

S22



References:

1. Schobert, R.; Siegfried, S.; Gordon, G. J. J. Chem. Soc., Perkin Trans. 1, 2001,
2393-2397.

2. Lebel, H.; Davi, M. Adv. Synth. Catal. 2008, 350, 2352-2358.

3. Nestl, B. M.; Glueck, S. M.; Hall, M.; Kroutil, W.; Stuermer, R.; Hauer, B.; Faber,
K. Eur. J. Org. Chem. 2006, 4573-4577.

4. Cheng, G.; Mirafzal, G. A.; Woo, L. K. Organometallics 2003, 22, 1468-1474.

5. Blakemore, P. R.; Ho, D. K. H.; Nap, W. M. Org. Biomol. Chem. 2005, 3,
1365-1368.

6. Rai, G.; Thomas, C. J.; Leister, W.; Maloney, D.J. Tetrahedron Lett. 2009, 50,
1710-1713.

7. Concellon, J. M.; Concellon, C.; Megjica, C. J. Org. Chem. 2005, 70, 6111-6113.

8. List, B.; Doehring, A.; Fonseca, M. T. H.; Job, A.; Torres, R. R. Tetrahedron 2006,
62, 476-482.

9. Jain, S. L.; Joseph, J. K.; Kuhn, F. E.; Reiser, O. Adv. Synth. Catal. 2009, 351,
230-234.

10. Green, J. E.; Bender, D. M.; Jackson, S.; O’Donnell, M. J.; McCarthy, J. R. Org.
Lett. 2009, 11, 807-810.

11. Tay, M. K. Synth. Commun. 1988, 18, 1349-1362.

12. Malkov, A. V.; Czemerys, L.; Malyshev, D. A. J. Org. Chem. 2009, 74,
3350-3355.

13. Li, K.; Yu. Y.-H.; Tang, Y. J. Org. Chem. 2004, 69, 3986-3989.

S23



14. Padwa, A.; Rieker, W. F.; Rosenthal, R. J. J. Am. Chem. Soc. 1985, 107,
1710-1717.

15. Moses, J. E.; Baldwin, J. E.; Bruckner, S.; Eade, S. J.; Adlington, R. M. Org.
Biomol. Chem. 2003, 1, 3670-3684.

16. Concellon, J. M.; Bardales, E. Org. Lett. 2002, 4, 189-191.

17. Lambert, R. W.; Martin, J. A.; Thomas, G. J. Eur. Pat. Appl. 1988, 39.

18. Sanborn, J. R.; Gee, S. J.; Gilman, S. D.; Sugaware, Y.; Jones, A. D.; Rogers, J.;
Szurdoki, F.; Stanker, L. H.; Stoutamire, D. W.; Hammock, B. D. J. Agric. Food Chem.
1998, 46, 2407-2416.

19. Miura, K.; Ebine, M.; Ootsuka, K.; Ichikawa, J.; Hosomi, A. Chem. Lett. 2009, 38,
832-833.

20. Reiter, M.; Turner, H.; Mills-Webb, R.; Gouverneur, V. J. Org. Chem. 2005, 70,
8478-8485.

21. Yoshida, T.; Murai, M.; Abe, M.; Ichimaru, N.; Harada, T.; Nishioka, T.; Miyoshi,
H. Biochemistry 2007, 46, 10365-10372.

22. Cunningham, A.; Mokal-Parekh, V.; Wilson, C.; Woodward, S. Org. Biomol.
Chem. 2004, 2, 741-748.

23. Peng, Y.-Y. Chin. J. Chem. 2008, 26, 1454-1460.

24. McConville, M.; Saidi, O.; Blacker, J.; Xiao, J. J. Org. Chem. 2009, 74,
2692-2698.

25. Li, P.; Wen, S.; Yu, F.; Liu, Q.; Li, W.; Wang, Y.; Liang, X.; Ye, J. Org. Lett. 2009,
11, 753-756.

S24



26. El-Batta, A.; Jiang, C.; Zhao, W.; Anness, R.; Cooksy, A. L.; Bergdahl, M. J. Org.
Chem. 2007, 72, 5244-5259.

27. Feng, X.-W.; Li, C.; Wang, N.; Li, K.; Zhang, W.-W.; Wang, Z.; Yu, X.-Q. Green
Chem. 2009, 11, 1933-1936.

28. Tanitame, A.; Oyamada, Y.; Ofuji, K.; Fujimoto, M.; Iwai, N.; Hiyama, Y.; Suzuki,
K.; Ito, H.; Terauchi, H.; Kawasaki, M.; Nagai, K.; Wachi, M.; Yamagishi, J.-I. J. Med.
Chem. 2004, 47, 3693-3696.

29. Rehse, K.; Tenczer, J. Arch. Pharm. 1980, 313, 249-254.

30. Yamane, M.; Uera, K.; Narasaka, K. Bull. Chem. Soc. Jpn. 2005, 78, 477-486.

31. Ochiai, M.; Nishi, Y.; Nishitani, J.; Chen, D.-W.; Hashimoto, S.; Tsuchimoto, Y.

Chem. Commun. 2000, 1157-1158.

S25



-6.234

O-N
n n
“C @
PPh, NEt,
2 (RR-PPh4-NBNEt,)

50 0
ppm (f1)

S26



€89'T

Slcv
06¢'v

056'S
851’9
2T
1819
1619
2129
1229
5619
559
Zvl9
2909 ——
0089
£08'9
£28'9
£26'9

77—l

\l

OH

bl

Qv 1.55

Qv 2.29

1 2.24
1 1.05
7 1.00

T 1%

T 1.07

5.0

ppm (f1)

28G°€9

¥€6'00T —————

009°'G0T ————__
8¥1'80T

610°TCT

€25'9¢T
€E€8'0ET
G96'0€T

0ST VT
Y98°LY1

) V)

OH

\
100

\
150

\
200

ppm (1)

S27



9’6
099'6

/

J 210

7T 1.05

I 1.01
1 2.08

F 103

j I 1.00

0.0

5.0

ppm (f1)

TO6'TOT ——~
L€8'90T
[/

118801

S9£'SZT
268'92T ———\
T.582T ——
9v9'8YT
v25°06T ———
199°25T

629°€6T

50

\
100

\
150

\
200

ppm (f1)

S28



GLST ——
T99T ———

8rv'e
zss°e
gge —

1988 ——

Br

J

Qv 6.04

r TET'VC
[ Tcese
6¥0'9¢

S60°EY
vLL Ly

r €98'79T

ppm (f1)

Br

50

\
100

\
150

\
200

ppm (f1)

S29



8/S'T
68S'T
8V9'T
6S9'T

N

815'e —
629°€

196'S
6Tv'9

95v'9 M
vvL9
169
89€'L
viEL
98g°L
vev'L

%

T 6.24

}ao

7 2.00

1 0.82

Qv 4.69

7 0.90

8.0

ppm (f1)

005%2
SOY'SZ ——— N\

€159 —

GL0'er ———
8EL'9Y

TCTT0T —————
087'G0T ————
20€'80T

068'6TT

9€E'2CT — O\
6LT°GCT ——
ST8'06T ————

8E0'8ET —
80€'¢rT

e’ LYT

To8rT —

L€2°S9T

N

\
100

\
150

\
200

ppm (f1)

S30



ey
09¢'y
8¢V
S6¢V

%

02’9 —~
-~

09%°9
sleL
18€°L
68€'L
025°L
625, ————>
699, ——
60L°L K

OEt

Aa

U

_

1228

T 2.05

1 1.00

3.11
2.15

T 1.04

5.0

ppm (f1)

LSEVT

61509

22e8TT
£90°'82T

268'82T ——\
92Z'08T ——
90§ Vel ———

L6S VT

L00°29T

OEt

Aa

50

\
100

\
150

ppm (f1)

S31



vezy
ey [/
09z ———
81Ty ——

1009
NN

cve9

829 M

T08'9
1289 \
§66°9 A\

S10°L w

CLS' L —
>

19,

OEt

Ba

-

1k

} 345

¥y

F 215

} 100

J1.20
T 2.00

Foes

5.0

ppm (f1)

S0CvT

09209

T6€'T0T ———
8T€'90T ——
88€80T ———
0S0'9TT
9gcvet
§€.L'8¢T

0ETVVT [/
0LT'81T
[/

¢6E6VT

Tv0°L9T

OEt

Ba

\
100

\
150

ppm (f1)

S32



OEt

Ca

7} 313

F 200

Qv 1.00

Fa

7 2.00
T 1.02

ppm (f1)

6TV vl

€v9°09

0€0°9TT
¥0Z'9TT )

L9T°8TT

196'62T
120°0€T p

LY80sT ——
0SE'EVT

¥96'29T [/
196 79T ——— >
1v6'99T ———

S33

50

100

OEt
1]
150

Ca

200

ppm (f1)




T8¢y
89¢'Y
98¢’y
voey

%

769 ——
-~

veY'9

0S€'L
TL€°L [/
ovy'L [/
L9v'L

9L ———
189, K

OEt

Cl

Da

1 2.96

} 2,06

7F 1.00

I 3%

J 1.06

ppm (f1)

1144’

102°09

886'8TT

6v7¢'6¢T
¥8¢'6¢T

990°€€T

€0C'9€T
18TEVT

S6.°99T

OEt

Cl

Da

\
100

\
150

\
200

ppm (f1)

S34



T4
T2V
68¢'Y
90€Y

%

29€9
2ov'9
L0C'L
T6C°L
0TeL
€89,
JASWA
665,
209,
L09°L
€208
€908

N

OEt

Br

Ea

A

e L

1 3.58

T 229

I 1.04

276

3235

7 1.00

ppm (f1)

9TVl ——

rs09 ——

066'02T

geT'SeT \
865221 \
209°221 p
8L6°06T ————
8GT'EET ——
L6€VET

YLyt ——

Y1¢99T ———

OEt

Br

LJ

"

Ea

el

50

\
100

\
150

ppm (f1)

S35



| 7xA4
68C'V
L0€Y
veey

)

\

6€59
6,59

/

299,
€89,
6892
0gL’L
ove's
T9¢'8

)\

OEt

O,N

Fa

L

1 3.05

T 2.08

7} 1.00

Faaa

7 2.03

ppm (f1)

902'vT

626°09

VALK AAN [/

8801CT
096'8¢T

ovsort
[/

8IS TIT

a4

G26'99T

OEt

O,N

Fa

\
100

\
150

ppm (f1)

S36



09¢'y
LIy
S6¢V
eIeY

)

\

T0S9
ws'9

/

€09°L
2oL

€192 ——— N\
189, —— 7

€69°L

)

\

OEt

Ga

o

NC

1 3.06

F 193

F 1.00

} 502

ppm (f1)

60T VT

G92°09

69T E€TT ——
00C'8TT ——
TTL12T

1168617 ——
€S6'TVT

856'99T

OEt

NC

Ga

\
100

\
150

ppm (f1)

S37



€5CY
0Ly
88¢'Y
90€Y

%

7889 ——
-~

ver'9

29zL
ra \

eyl %
Ge§ L ——
gL ——

VI6'L ——~
-~

v10'8

Cl

OEt

Cl

Ha

1 3.08

} 205

— 0.00(

7} 1.00

F 125

F 23
Foos

ppm (f1)

SCTvT

0,°09

€r1'92T
019'821 [/
229621 M

1S8'TET
6I8VET ——

gogseT ——

080991

Cl

OEt

Cl

Ha

\
100

\
150

ppm (f1)

S38



09¢'y
LIy
S6¢V
eIeY

)

\

OEt

O,N

Cl

la

} 3.00

} 208

ppm (f1)

060vT

098'09

zeL1er
6EE V2T
900'82T [/

0€L°99T

OEt

Cl

la

i’\tﬂ\

\
100

\
150

ppm (f1)

S39



L0C'v
veev
ey
09Z'v

\

€.6'S
¢10'9

€.8'9
¥68'9
T2eL
6€€’L
8G€’L
9.€°L
9St'L
SLv'L

W

OEt

Ja

W

L

7 3.00

T 2.07

Foss

1 1.89

3.03
3.11

ppm (f1)

G2eEVT

€2€°09

8EE'TCT

oﬁ.wﬁ [/
oS.RH %
182821
100627 ——

2c0'/9T

OEt

Ja

\
100

\
150

\
200

ppm (f1)

S40



69¢'T

982'T —— 2\
YOET ———

%

66v°Cc
T0SC
0cse
LEST —

§66¢ ——
29L'C
28L¢C
T08C

17

09T'¥
8TV
S6TV
A4

%

0€8'S
698'S
6969
986'9
¥00°'L
800°L
920°L
£v0'L
SITL
€6T L — N\
902 L —— 7
v2z'L
192°L
8/2'L
162°L
SIeL

i)

\

OEt

Ka

F 3.9

F 229
F 241

TJa2a

o

3 1.00

F 115

I 348

b

5.0

ppm (f1)

TETVT

esLee ——_

60C'vE

G50°09

EILTeT —
6T0°9¢T

—J
6.1'82T U
9€€'8¢T

€99°0vT

268'LVT

VeV 99T

OEt

Ka

\
100

\
150

ppm (f1)

541



98°0 [/
1880

1680 —
v9¢'T
89C'T
982’1
T9T¢C
S9T'¢C
[4:1%4
86T°C
9TZ¢e
6T¢C

WY

LSTY
1ZA%4
¢6TY
oTey

%

06L°S
6¢8'S

0€6'9
L¥6'9
96'9
896'9
986'9
€00°L

W

OEt

CoH1g

La

=

=+ 4.39

=+ 18.59

T 217

Qv 2.34

T 0.95

100

ppm (f1)

EETVT
LIEVT
v0L°¢2

1,90'8¢

81'6¢
vee6e
cev'6e

Lv6°0€

c16'1e
Tveee

8S1°09

ove'1et

0SS'6vT

858991

p

=

OEt

CoH1g

La

50

\
100

\
150

\
200

ppm (f1)

542



€e0c

9Ty
08TV
86TV
91¢'v

%

€22'L
SET'L %
662'L

05l ——

809 L ——

OEt

Ab

7T 350

|s22

7 2.00

T 516

1101

5.0

ppm (f1)

606 €T —~
6TVl ——

€€L°09

160'82T
202'821T H/
187'82T ——\
187627 ——

6T8'GET
205°86T ———

¢§5'89T

OEt

Ab

\
100

\
150

ppm (f1)

543



leeT
SGET %

€8T ——

6¢T'C

ey
vocv
282y
00Ev

%

£00'9
o9

1£8'9 [/
158'9 %
816'9

w0y ——
Gv6'9

§S09°'L

OEt

Bb

A

7 3.38

T332

I 1.92

1 2.00

ppm (f1)

ceT YL
LSY'VT

€€6°09

E€TV'T0T
€V1'80T
669'60T

0EL'VCT
00T°L2T
SYT'0ET
887'8ET

808°LVT

606'89T

/

1)

OEt

Bb

L

50

\
100

\
150

\
200

ppm (f1)

S44



960¢

1502
.02

v60°L w
96g'L

0LEL ——>
068, ——

WL ——

OEt

Cb

T 404

Faam

F 200

T 2.20
Fou

J1.05

ppm (f1)

L60'YT
orrpT

V0T ———

ovy'STT
§S9'STT ——

vmm.wﬁ
Sm.ﬁma [/
£29'TET p
0ET'ZET Q
v9T'2eT K
065'LET

00€'T9T ————
GLL°€9T ————

699897 ————

OEt

Cb

ol

50

\
100

\
150

\
200

ppm (f1)

545



¥60°C

ey
€9y [/J
8y ——
662V

OEt

Cl

Db

1 3.26

1+ 3.23

7 2.00

} 449

1 1.06

ppm (f1)

968°€T —
LTV ——

€¥8°09

857821
260°62T \
82.°0€T [//
£66°€ET —
122 VET

GET'LET -

99¢'891

OEt

Cl

Db

50

\
100

\
150

\
200

ppm (f1)

S46



880°VT

o AN
| © Tyl ——
vSZ'T -2
Tt p 4 os0s [
68T —— RS
688T —— F300 [ o
| o YOT'T9
Lo
o™
6TV Mo
96T’V [/ -2
vizy w L Faos L 662'72T
1627 - zerlet
- ¥09'62T
M. £87°0€T \
5 509°0€T M
= £98°26T ————
r 09r'9ET ———
| £80°8€ET
o
©
S80°L - r .
L ¥8T'89T
Z6T°L [/ _m_u._ °
802'L [/ =
2.88
TN Toes |
i Tags |
o 73
st —— 74 5w L
o
o
)
(I
Q.
o

S47

50

100

OEt
Br
Eb
200 150

ppm (f1)

S I N S




L1T°C

SlTY
€62V
TIEY
62EY

%

815,
ovsL p

189,

€Ve'8 —
>

9¢'8

OEt

O,N

Fb

1318

1 3.22

F 211

7 2.00
=+ 0.96

J 2.02

ppm (f1)

68007
oTTIT —

09T'T9

0T8'GET

89€7¢ert
€00°LYT

¢S9'/9T

OEt

O,N

Fb

\
100

\
150

ppm (f1)

S48



L0T°¢

89¢V
S8¢Y
€0ev
Ty

)

\

7A A
S61°L
189°L
6.9°L
669°L

)/

\

OEt

T} 342

} 330

J

—== |} 2.00

Gb

F 201
T 3.02

NC

ppm (f1)

266'€T
82TpT —

860°'T9

YLV ITT
EV'8TT

058'62T [/
865 TET ——
896'TET ——
622'9ST ——

90V OrT ———

vvL'L9T

OEt

Gb

NC

50

\
100

\
150

\
200

ppm (f1)

549



286'T

29y
08¢’y
86¢'Y
9TEY

%

ssz'L
6121 w
ovvL
619'L

Cl

OEt

Cl
Hb

J 317

1 3.03

T 2.00

F 205

T 101
F o.98

VOT¥vT ——
9QEVL —

€26°09

TLL.2T
€02'6¢T
96'TET

Vv eer ——— >

G6LEET ——
Z8T'vET K

5.0

€LT'L9T

Cl

ppm (f1)

OEt

Cl
Hb

50

\
100

\
150

\
200

ppm (f1)

S50



T0TC

STy
ey %

6877 ———=
08y ——

OEt

O,N

Cl

Ib

} 347

7 341

1 2.00

ppm (f1)

LI6°ET
SOTv1

€6T'T9

696'GCT
60€'9¢T

YL TET
268'TET

9T9'€ET
VeV VET
TE]'SET
9TL'LYT

2Ly 9T

N

)

—

—

OEt

Cl

Ib

MWMWWMWWW

\
100

\
150

\
200

ppm (f1)

S51



woe

T0CY
6TV
9eCY
vSev

%

€289
1989
LT0°L
9v0'L
950°L
80°L
vie'L
vee'L
0S€L
TSV°L
697°L

Wz

OEt

Jb

1423

Far

Qv 2.53

7 1.00

F 101
JRCE?)

ppm (f1)

§9.°CT [/

62CvT

8.1°09

L08°€2T

116'92T [/
165°821 [/
929'82T p

RN

812891

OEt

Jb

\
100

\
150

ppm (f1)

S52



OEt

Kb

I

1 4.60

Fae62

1+ 243

} 286

}ass

} 1.00
T 5.83

ppm (f1)

16€CT
[/

eIeEVT

629°0€
€LLVE

¢Ly'09

20T'92T —
€9€'82T

c9r'8et

veEONT ——

88C'TIT

281891

OEt

Kb

50

\
100

\
150

\
200

ppm (f1)

S53



68°0

6.2'T

668'T —

pore ——

[4:1%4

1ZA%4
16TV
60CY
lLeey

%

OEt

X

CoH1g

Lb

F 4091

T 19.00

T 321
T 186

T 2.00

% 0.99

ppm (f1)

clLyet

e vl
Lyv T
§18'¢e
9€.'8¢
Tv8'8¢
6v¥'6¢
£vS'6¢
L09'6¢
899'6¢
820°¢e

01509

88.'/21

L29evt

§S05'89T

L2

OEt

AN

CoH1g

Lb

S S T

50

\
100

\
150

\
200

ppm (f1)

S54



S6E¢C

Ac

T 310

% 1.00

3%

r T.€l2

r 000°22T
[ S1T'8¢T
6¢8'8¢T

€8E0ET
[ S9CVET

SIEEVT

5.0

G/2'861

ppm (f1)

Ac

\
100

\
150

ppm (f1)

S55



ceeT

066'S
2199
€959
069
0189
66'9
v10°L
G20'L

V88 L —~
-~

vev'L

)2

Bc

7 3.10

T 2.00

1 0.97

F 101
Fon

3107

ppm (f1)

vve'le

5801

899'v¢T [/

60T'S2T
vv9'82T ——

VSO EVT ——
1128VT ——
- =

769°6VT

990'86T

S56

50

100

150

Bc

200

ppm (f1)



(7244

299
99'9
T90°L
€80°L
voT’L
1SV°L
867",
€19,
9¢s'L
veS'L
8vS'L

W

N

Cc

ppm (f1)

Tiv'Le

v98'STT
280°9TT ——
129°92T

£56'62T \
8E0°0ET p
L197°0€T

€S6'TVT

6S9¢9T ———
960°G9T

990'86T

S57

50

100

150

Cc
J } " “ } |ﬂ.ﬂ ,J,‘ - M i b ‘Ldim e

200

ppm (f1)




L15°L¢

A
T
1.0

B o
e
S627 ———— F316 |

— L
| o
(3]
o
<
L 66221
- £60'62T [/
- arzesr
= 16261 ——
= Tsz9sT ——
N 6L TIT ——
o
e
6159 — +
6199 —— (@) —= 098 L
2\ Y :
2
T = 1% |
gl —— o : r
96€°L K al r
- 816161
— Fooa
o - E
Q.
~ o

S58

50

100

150

Dc
200

Cl

ppm (f1)



i} o
sAI [ o
i 090°22
Lo
—
o
ey
W@y ——— = F320 -
o
o
o
| ¥ szv'seT
665221
r 189221 H/
| 6,9'62T ———
- 89ZTET ——
F 962'€€T ——/
F 89Z'vET /
F veL T
o
~ o
666'9 —— r
0v99 —— F100
o
N
gezs — O L
188, ——— % 243
609'L ZET'86T
gogs — \ o R F207
8062 —— Fror [ o
0
a
L €
| g

S59

N

P

Lakis Lol

100

150

200

Br
Ec

ppm (f1)



geve

O,N

Fc

F3os

Qv 1.00

1 0.99

T 219
F 206

ppm (f1)

060'8¢

Wevel ——
€18'82T —
-~

€0V'0ET

€S0°0VT —~
>

¥89°0vT

9v9'8¥T

8S1°L6T

O,N

Fc

m

50

\
100

\
150

\
200

ppm (f1)

S60



cov'e

NC

Gc

T 314

} 100

I 0.99
T 3.98

ppm (f1)

T08'L¢C

STEETT —
Y8T'8TT ——

g2v'8eT
Te9'621 »

€850t

V19°L6T

NC

Gce

\
100

\
150

ppm (f1)

S61



vev'e

Cl

Cl

Hc

F 300

T o1

1 0.98
F191

1+ 0.92

ppm (f1)

8S¥'Lc

699'8¢CT
88.'6¢CT
TC6'TET
66LVET
8/8'vET

9G59°9€T

096'L6T

N

Cl

Cl

Hc

50

\
100

\
150

\
200

ppm (f1)

S62



90v'e

1829
6.9
ovv'L
8v°L
v8S'L
S09°'L
899,
€99,
6192
89°L
9208
o8

W22

O,N

Cl

Ic

Faas

F 1.00

I 1.02

18

3 0.99

ppm (f1)

L.1°8¢

169'v2T
8817'8¢T
¥19'62T
T66'TET
0L2°2eT
685°CET
T89'VET
868'8ET

creL6T

Cl

Ic

50

\
100

\
150

\
200

ppm (f1)

S63



6€€C

5929
¥0€'9
1169
9€6'9
2969
100°L
282,
0LEL
68€°L
88y, ———
905°L

)/

\

Jc

Q T 353

= ] 100

}a2

1414
218

ppm (f1)

08¢e°LZ

189'9¢1

gGelen \
098'8¢T N
T€06CT ————
9817°0€T K
196'GET K
Y62 TV1 K\

Tov°eEvt

Ccri'861

Jc

50

\
100

\
150

\
200

ppm (f1)

S64



22T
1252 [/
1852
9552
v15Z p
6907 ———_

68,2 ——~
1082 K

Kc

S

=

7 3.02

F 212
T 2.34

} 100

Qv 1.05
Qv 5.88

2.0

5.0

6.0

7.0

8.0

ppm (f1)

€692 ———__

V96'€€ —~
0LV —

omo@mﬁ
v.£'821T
855 TET ——

20S'0vT
096'91T

8’861

Kc

\
100

\
150

ppm (f1)

S65



SN
8T
r

8T9'T

v9ce

= 3.54

F 1839

T 4.02

Foo2

F 1.00

ppm (f1)

CETVL
169'¢e
168'9¢
9€T'8¢
61v'6¢
605'6¢
T€L°6C

0G6°0€
006'T€
G16°¢e

Y0E'TET

LTL8VT

128'861

N[22

CoH1g

Lc

50

\
100

\
150

\
200

ppm (f1)

S66



