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General Experimental: Sonication was performed in a Shanghai Branson-SB2200
ultrasonic cleaner with a frequency of 50 KHz and a power of 80 W. Reagents and
solvents were used as supplied. The starting material of aryl iodides list in entries 6-9
(Table 1 in text) was prepared from the iodination of corresponding aromatic
compounds'. 1-iodo-2-methylbenzene (entry 10, Tablel) was prepared from
1-bromo-2-methylbenzene®. Those listed in entries 11-16 were prepared by the
synthetic paths shown below.

General Procedure for Heck Reaction under Ultrasound: In a 10 ml glass flask
was placed phenyl iodide (Immol), alkene (2mmol), TBAB (0.322g, 1mmol), Na,COs
(0.318g, 3mmol), PdCl, (0.0035g, 0.02mmol) in 3 ml water (1 mL of CH,Cl, was
added for the solid phenyl iodide), after the mixture was sonicated at ambient
temperature (25°C) in running water bath for corresponding times, it was extracted
with ethyl acetate for three times. The combined organic extracts were dried using
anhydrous Na,SO4 and evaporated under reduced pressure, the mixture was then
purified by column chromatography over silica gel to afford product with high purity.

Typical Procedure for the Catalyst Recycling of Heck Reaction: After completion
of the reaction, the mixture was extracted with petroleum ether for three times. Water
phase and remnant black solid were used for the next cycle. lodobenzene (0.208g,
Immol), methyl aceylate (0.172g, 2mmol) and Na,COs (0.318g, 3mmol) were then
added to mixtures and were sonicated for 4.5h.

Scheme S1. Synthesis of starting material in entries 12 and 13 (Tablel).?
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Scheme S2. Synthesis of starting material in entries 14 (Tablel).*
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Scheme S3. Synthesis of starting material in entries 15 (Tablel).”
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Scheme S4. Synthesis of starting material in entries 16 (Tablel).
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Xx_-CO,Me
O/\/ (E) - methyl cinnamate (1)
'H NMR (CDCls, 300 MHz, ppm): 6= 7.69 (d, J=16.1 Hz,

1H), 7.50-7.53 (m, 2H), 7.39-7.37 (m, 3H), 6.44 (d, J = 16.1 Hz, 1H), 3.80 (s, 3H).
C NMR (CDCl3, 75 MHz, ppm): 5= 167.1, 114.7, 134.2, 130.2, 128.8, 128.0, 117.7,
51.5. IR (Liquid film, cm™): v = 3028, 2951, 1719, 1638, 1450, 1434, 1276, 1203,
1172, 980, 768. HRMS calc. C1oH;90, (M"). 162.0681. Found: 162.0676.

X COzEt  (E) - ethyl cinnamate (2)
Ej/V 'H NMR (CDCls,300 MHz, ppm): 6= 7.69 (d, J=16.1 Hz, 1H),

7.50-7.54 (m, 2H), 7.40-7.37 (m, 3H), 6.44 (d, J = 16.1 Hz, 1H),
4.27(q,J=17.3 Hz, 2H), 1.30 (t, J = 7.3 Hz, 3H). °C NMR (CDCl;, 75 MHz, ppm): &
=167.1, 144.7, 134.6, 130.3, 129.0, 128.1, 118.4, 60.6, 14.4. IR (Liquid film, cm™): v
=2981, 1713, 1638, 1176, 1039, 980, 767. HRMS calc. C;;H;,0, (M"). 176.0837.
Found: 176.08448.

cinnamic acid (3)
<:>**\_COOH 'H NMR (CDCls,300 MHz, ppm): 6= 7.80 (d, J= 16.0 Hz, 1H),

7.58-7.54 (m, 2H), 7.43-7.40 (m, 3H), 6.46 (d, J = 16.1 Hz, 1H).
C NMR (CDCl3, 75 MHz, ppm): 5= 172.5, 147.3, 134.2, 130.9, 129.1, 128.5, 117.5.
IR (KBr film, cm™): v = 1682, 1632, 1449, 1315, 1289, 933, 766, 705. HRMS calc.
CoHg0, (M"): 148.0524. Found: 148.0515.
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cinnamonitrile (4)
Q—\M(:N 'H NMR (CDCl3, 300 MHz, ppm): 8= 7.47-7.38 (m, 5.8H), 7.13 (d,

J=12.2 Hz, 0.2H), 5.88 (d, J = 16.6 Hz, 0.8H), 5.45(d, J = 12.2 Hz,
0.2H). *C NMR (CDCls, 75 MHz, ppm): 5= 150.6, 148.7, 133.6, 131.2, 131.0, 129.2,
129.0, 129.0, 127.4, 118.2, 96.4, 95.1. IR (Liquid film, cm™): v = 3060, 2218, 1619,
1449, 967, 912, 749. HRMS calc. CoH;N (M"): 129.0578. Found: 129.0577.

S O trans-Stilbene (5)

"H NMR (CDCls, 300 MHz, ppm): 6 = 7.54 (dd, J= 9.0 Hz, 1.4
Hz, 4H), 7.38 (dd, J=7.2Hz, 9.0 Hz, 4H), 7.28 (dd, J= 7.2 Hz,
1.4 Hz, 1H), 7.14 (s, 2H). *C NMR (CDCls, 75 MHz, ppm): 0= 137.5, 128.8, 128.5,
127.7, 128.0. IR (KBr film, cm™): v = 3027, 1599, 1496, 1452, 962, 908, 733. HRMS
calc. Ci4Hiz (M+): 180.0939. Found: 180.0933.

X CO,Me
/©/\/ (E) - methyl 3 - (4 - methoxyphenyl) acrylate (6)
MeO

'H NMR (CDCls, 300 MHz, ppm): §=7.65 (d, J = 16.0
Hz, 1H), 7.47 (m, 2H), 6.93-6.89 (m, 2H), 6.31 (d, J = 16.0 Hz, 1H), 3.83 (s, 3H),
3.79 (s, 3H). *C NMR (CDCls, 75 MHz, ppm): 6= 167.6, 161.5, 144.5, 129.7, 127.2,
115.3, 114.4, 55.4, 51.5. IR (KBr film, cm™): v =2949, 1717, 1638, 1604, 1513, 1343,
1289, 1257, 1174, 1026, 984, 822, 768. HRMS calc. C;;H,03 (M"): 192.0786. Found:
192.0797.

X CO:Me (2E,2E’) - dimethyl 3, 3’ - (1, 4 - phenylene)
diacrylate (7)
MeO,C™ ™ '"H NMR (CDCl; 300 MHz, ppm): 5= 7.66 (d, J =
16.1 Hz, 2H), 7.53 (s, 4H), 6.47 (d, J= 16.1 Hz, 2H), 3.81 (s, 6H). °C NMR (CDCl;,
75 MHz, ppm): 6= 167.3, 143.8, 136.3, 128.6, 119.1, 51.9. IR (KBr film, cm™): v =
1696, 1608, 1434, 1322, 1170, 1004, 825, 730. HRMS calc. C14H 404 (M™"): 246.0892.
Found: 246.0895.

X CO,Me
/©/\/ (E) - methyl 3 - (4 - chlorophenyl) acrylate (8)
Cl 'H NMR (CDCI3, 300 MHz, ppm): 6= 7.64 (d, J = 16.0 Hz,
1H), 7.45 (d, J = 6.6 Hz, 2H), 7.30 (d, J = 6.6 Hz, 2H), 6.40 (d, J = 16.0 Hz, 1H), 3.81
(s, 3H). °C NMR (CDCl;, 75 MHz, ppm): & = 167.2, 143.4, 136.3, 133.0, 129.3,

129.2, 118.5, 51.8. IR (KBr film, cm™): v = 3025, 2952, 1714, 1638, 1492, 1319, 1172,
823, 760. HRMS calc. CoHo*>C10, (M"): 196.0291. Found: 196.0299.

X CO,Me (E) - methyl 3 - (4 - bromophenyl) acrylate (9)
/@/v 'H NMR (CDCl3,300 MHz, ppm): §=7.62 (d, J=16.1 Hz,
Br 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H),
6.42 (d, J = 16.1 Hz, 2H), 3.81 (s, 3H). °C NMR (CDCl;, 75 MHz, ppm) 6= 167.1,
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143.5, 133.3, 132.2, 129.5, 124.6, 118.6, 51.79. IR (KBr film, cm™): v = 2950, 1714,
1636, 1587, 1489, 1434, 1317, 1170, 1072, 1010, 910, 819, 730. HRMS calc.
C10Ho"BrO, (M"): 239.9786. Found: 239.9778.

NO, (E) - methyl 3 - (2 - nitrophenyl) acrylate (10)
x_CO,Me 'HNMR (CDCls,300 MHz, ppm): 6= 8.12 (d, J = 15.9 Hz, 1H),

8.59 (d, J = 8.6 Hz, 1H), 7.66-7.64 (m, 2H), 7.58-7.54 (m, 1H),

6.37 (d, J = 15.9 Hz, 1H), 3.83 (s, 3H). C NMR (CDCl;, 75

MHz, ppm) 5= 166.2, 148.3, 140.1, 133.6, 130.5, 130.4, 129.1, 124.9, 122.8, 52.0. IR

(KBr film, cm™): v = 2954, 1719, 1523, 1346, 1292, 1206, 972, 756. HRMS calc.
C1oHoNO4 (MY): 207.0532. Found: 207.0536.

OMe  (E) - methyl 3 - (3, 5 — diiodo — 4 - methoxyphenyl) acrylate (11)
' I 'TH NMR (CDCls,300 MHz, ppm): 6= 7.91 (s, 2H), 7.47 (d, J= 16.0
E)/ Hz, 2H), 6.34 (d, J = 16.0 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H). °C NMR
(CDCls, 75 MHz, ppm): 6 = 166.7, 160.4, 140.9, 139.3, 134.4, 119.6,
= 91.0, 60.9, 52.0. IR (KBr film, cm™): v = 2933, 1716, 1640, 1457, 1318,

COMe 1253, 1197, 1171, 972, 846. HRMS calc. C; H,o'*'1,O; (M"): 443.8719.
Found: 443.8722.

OCH,OCH3  (E) - methyl 3 - (3, 5 — diiodo — 4 - (methoxy methoyl) phenyl)

' ' acrylate (12)
'HNMR (CDCl3, 300 MHz, ppm): 5= 7.94 (s, 2H), 7.47 (d, J =
16.0 Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 5.16 (s, 2H), 3.81 (s, 3H),
—

3.75 (s, 3H). *C NMR (CDCl;, 75 MHz, ppm): 6= 166.7, 158.0,

CO;Me 140.8, 139.5, 134.5, 119.7, 100.4, 91.8, 59.1, 52.0. IR (KBr film,

em™): v=2924, 1715, 1637, 1432, 1312, 1249, 1197, 1166, 917, 845. HRMS calc.
C12H12' 21,04 (M"): 473.8825. Found: 473.8831.

(E) - methyl 3 - (3 — formyl — 5 — iodo — 4 - methoxyphenyl)

OMe
l CHO actylate (13)
'HNMR (CDCl;, 300 MHz, ppm): 8= 10.31 (s, 1H), 8.18 (d, J = 2.1
Hz, 1H), 7.97 (d, J= 2.1 Hz, 1H), 7.56 (d, J = 16.1 Hz, 1H), 6.44 (d,
=

J =16.1 Hz, 1H), 3.98 (s, 3H), 3.81 (s, 3H). °C NMR (CDCl; 75

CO,Me MHz, ppm): & = 188.7, 166.6, 163.7, 144.2, 141.3, 133.1, 130.1,

128.5, 120.0, 93.7, 64.1, 52.0. IR (KBr film, cm™): v=2925, 1729, 1692, 1430, 1320,
1242, 1171, 856. HRMS calc. C1oH,,'*T04 (M"): 345.9702. Found: 345.9693.

(E) - methyl 3 - (4 — acetamido — 3 - iodophenyl) acrylate (14)
'HNMR (DMSO-ds. 300 MHz, ppm): & = 9.85(s, 1H), 8.13 (d, J= 1.4

NHCOCH;
|
Hz, 1H), 7.73 (dd, J = 8.5 Hz, 1.6 Hz, 1H), 7.67 (d, J = 16.0 Hz, 1H),
7.23 (dd, J = 8.5 Hz, 3.3 Hz, 1H), 6.64 (d, J = 16.0 Hz, 1H), 3.73 (s,
—

3H), 2.07 (s, 3H). *C NMR (CDCls. 75 MHz, ppm): 6= 168.8, 166.5,
CO,Me 138.9, 138.7, 136.8, 135.1, 130.5, 128.2, 119.8, 90.4, 51.6, 23.2. IR
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(KBr film, cm™): v = 3272, 1707, 1657, 1520, 1285, 971, 864, 823. HRMS calc.
C12H ' INO3 (M"): 344.9862. Found: 344.9865.

NO, (E) - methyl 3 - (3 —iodo — 4 - nitrophenyl) acrylate (15)
| 'HNMR (CDCl;, 300 MHz, ppm): 6= 8.16 (d, J = 1.5 Hz, 1H), 7.88 (d,
J = 8.4 Hz, 1H), 7.62-7.57 (m, 2H), 6.52 (d, J = 16.2 Hz, 1H), 3.83 (s,
3H). *C NMR (CDCls,75 MHz, ppm): & = 166.3, 141.3, 140.6, 139.7,
\ 128.1, 126.0, 124.3, 122.8, 87.1, 52.3. IR (KBr film, cm™): v = 3089,
CoMe 2950, 1724, 1573, 1519, 1325, 1194, 835. HRMS calc. C1oHg'"INO,
(M"): 332.9498. Found: 33.9500.

NO, (2E, 2E’) - dimethyl 3, 3’ - (4 — nitro - 1, 3 - phenylene)

~_CO,Me diacrylate (16)
'HNMR (CDCl3, 300 MHz, ppm): 8= 8.16-8.07 (m, 2H),
7.73-7.65 (m, 3H), 6.59 (d, J=15.9 Hz, 1H), 6.39 (d, J=15.9
N Hz, 1H), 3.85 (s, 6H). >°C NMR (CDCls, 75 MHz, ppm): & =

165.7,165.4, 149.8, 140.8, 139.2, 139.1, 131.0, 128.4, 128.2,
125.2,123.0, 122.0, 51.6, 51.6. IR (KBr film, cm’l): v =2958,
1728, 1519, 1438, 1294, 1196, 1177, 1023. HRMS calc. C14H;3NOg (M"): 291.0743.
Found: 291.0736.

(E) - methyl 3 - o - tolylacrylate (17)
XCO,Me 'HNMR (CDCl; 300 MHz, ppm): 5= 7.98 (d, J = 16.0 Hz, 1H),
7.56-7.53 (m, 1H), 7.30-7.18 (m, 3H), 6.36 (d, J = 16.0 Hz, 1H),

3.81 (s, 3H), 2.44 (s, 3H). °C NMR (CDCl5,75 MHz, ppm): &
=167.4,142.5, 137.6, 133.3, 130.8, 130.0, 126.4, 126.3, 118.8, 51.6, 19.7. IR (Liquid
film, cm™): v = 2951, 1718, 1634, 1435, 1318, 1276, 1220, 1172, 981, 764. HRMS
calc. C;1H,0, (M+): 176.0837. Found: 176.0836

CO,Me

(2E,2E’) - dimethyl 3, 3’ - (5 — iodo — 4 — methoxy - 1, 3 -

| T . CO,Me phenylene) diacrylate (18)
'H NMR (CDCls, 300 MHz, ppm): & = 7.97(d, J = 2.1 Hz,
1H), 7.87 (d, J= 16.2 Hz, 2H), 7.64 (d, J= 2.1 Hz, 1H), 7.56
_ (d, J=16.0 Hz, 1H), 6.52 (d, J = 16.2 Hz, 1H), 6.38 (d, J =

16.0 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H). °C
NMR (CDCls, 75 MHz, ppm): 8= 166.9, 160.1, 142.0, 140.1,
138.8, 132.9, 129.4, 128.2, 121.2, 119.3, 93.6, 62.1, 52.0, 52.0. IR (KBr film, cm™): v
= 2923, 1728, 1710, 1642, 1468, 1434, 1279, 1172, 987, 857. HRMS calc.
C1sH;5*'T0s (M™"): 401.9964. Found: 401.9970.

COZMe

OMe (2E, 2E’, 2E”) - trimethyl 3, 3’, 3” - (2 -

MeO,C._~ x_CO,Me Methoxybenzene - 1, 3, 5 - triyl) triacylate (19)
'H NMR (CDCls, 300 MHz, ppm): 5= 7.94 (d, J =
16.2 Hz, 2H), 7.72 (s, 2H), 7.66 (d, J = 16.0 Hz,
=

CO,Me -S 6-



1H), 6.56 (d, J = 16.2 Hz, 2H), 6.44 (d, J = 16.0 Hz, 1H), 3.85 (s, 6H), 3.84 (s, 3H),
3.81 (s, 3H). *C NMR (CDCls, 75 MHz, ppm): 6 = 167.1, 167.1, 159.7, 143.0, 138.4,
131.2, 129.6, 129.0, 120.9, 118.9, 63.2, 52.0, 51.9. IR (KBr film, cm™): v = 2954,
1723, 1638, 1434, 1277, 1187, 1138, 991, 859. HRMS calc. CoH;007 (M"): 360.1209.
Found: 360.1219.

(2E, 2E’, 2E”) - trimethyl 3, 3’, 3” - (2 -

OH : ”
MeO,C._~ . CO,Me hydroxybenzene - 1, 3, 5 - triyl) triacylate (20)
'H NMR (CDCls, 300 MHz, ppm): 5= 7.84 (d, J =
16.1 Hz, 2H), 7.69 (s, 2H), 7.65 (d, J = 16.1 Hz,
_ 1H), 7.45 (d, J=16.1 Hz, 1H), 7.44 (d, J= 16.1Hz,
2H), 5.33 (s, 2H), 3.83 (s, 6H), 3.78 (s, 6H). °C
CO,Me

NMR (CDCls, 75 MHz, ppm): 6 = 167.0, 166.6,
154.3, 142.7, 138.1, 132.1, 129.9, 129.0, 121.6, 119.5, 52.0. IR (KBr film): v = 3429,
2952, 1718, 1638, 1437, 1278, 1173, 981, 859 cm™'. HRMS calc. C;gH;307 (M"):
346.1053. Found: 346.1056.

OCH, (2E, 2E’) - dimethyl 3, 3’ - (5 — formyl — 4 — methoxy —
OHC N\ CO,Me 1, 3 — phenylene) diacrylate (21)
'H NMR (CDCl;, 300 MHz, ppm): & = 10.40 (s, 1H),
8.03 (d, J = 2.3 Hz, 1H), 7.93 (d, J = 16.2 Hz, 1H), 7.91
(d, J =2.3 Hz, 1H), 7.67 (d, J = 16.0 Hz, 1H), 6.58 (d, J
= 16.2 Hz, 1H), 6.48 (d, J = 16.0 Hz, 1H), 3.96 (s, 3H),
3.85 (s, 3H), 3.81 (s, 3H). °C NMR (CDCl;, 75 MHz,
ppm): 5= 188.8, 166.9, 163.1, 142.3, 137.4, 133.1, 131.4, 130.3, 130.1, 129.6, 121.5,
119.8, 65.1, 52.1, 52.0. IR (KBr film, cm™): v = 3416, 2923, 1719, 1683, 1637, 1334,
1274, 1180, 986. HRMS calc. C1sH 606 (M"): 304.0947. Found: 304.0950

=
CO,Me

NHCOCH,4
x_CO,Me (2E,2E’) - dimethyl 3, 3" - (4 — acetamido - 1, 3 - phenylene)

diacrylate (22)

'H NMR (CDCl;,300 MHz, ppm): & = 9.94 (s, 1H), 8.20 (s,
_ 1H), 7.82-7.54 (m, 4H), 6.78 (d, J=15.9 Hz, 1H), 6.77 (d, J =
16.1 Hz, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 2.07 (s, 3H). "°C
NMR (CDCls, 75 MHz, ppm): & = 168.9, 166.8, 143.5, 139.6,
138.8, 131.1, 130.1, 128.1, 127.1, 126.1, 119.5, 118.0, 51.6, 51.5, 23.4. IR (KBr film,
cm™): v = 3439, 3268, 2923, 1719, 1645, 1281, 1164. HRMS calc. C;¢H;7NOs(M"):
303.1107. Found: 303.1115

CO,Me

-S 7-



1 ("H NMR)

2200 0-—~
1000 0-—"

29’ ——

t2v'
GESY 9
<9r 9
185€° ¢
B2LE'L
16EE (L
B6LE"(
{GBE" L
¥O00S5 L
9805 L
9MIs L
8025 L
BE2G L
62E5 £
£L99 ¢
gLt

wod

SN\

COszhe

1 (*C NMR)

89 I ——

9EL°9¢
a1 i
BSE 4L
L85 4L

CeL i —

2% el

£ B2l —2
561 0El—"
B62 PEL—""

069 ppl——v0

G {9l—

wad

COzMe

-S 8-



setdr
[0
19602°F
2LE0E »
2022

S

COsEt

L

gir'rl ——

99508 ——

LEL'9L
191 i W
PES LL

girgil—

e
w2 0Ei—"

960" £9F——

wdd

COgEt

LAARRRA AR RA S Raa st aa st e s bERR R L]

M RAARRAL SRSty taste)

B0

TrrTer

T T T T T T T T T T T T T T T E T T T T T T O T T U P T T O Tr T e T rees

40

BO

100

120

140

160

oom

-S9-



3 ("H NMR)

L850 B-
2004 U.W-
2000

46§
Ghir 9

E..:;f
1719

Bl
1

&

COOH

B2ErL
11
=
1
BaLs L
Bl L
VIER' L

SN |

.

abi 8L
Fal L WI
LB L

0r L —

IES 821

AN
OB OET—""
€2 FEl—"

Pee " Lrb——

s 2Lk

wadd

COoH

ppm

-S 10-



4 ("HNMR)

20000 0—

§GE2

DRdG | ——

Aiews
S G
GIESA G
:_ﬁ.n./r
LTI
BEg'L
PASIE L
£56E°L
FeHIF i
R
ML ]
¥E2Lw L
LaEr 'L
2L
LR
BEGGr ¢
gerar
9 L=,
N
Beige -

cM

J

—E'_”._ “

wdd

CN

——
80

]
100

I 1
160 140

I
180

Ppm

-S11-



5 ("H NMR)

T N L

i

— 162}
— N
— | JBEY

=0 Mt

=0 131

j?_(s

=
:\
-
=1

-S 12-

13

5 (*C NMR)

R EEeE 885
e s e i
& BEERE RR e

e

. I Y T i 1 i B L 1 N I g I ¥ | 1
m 200 160 160 140 120 100 a0 60 40



- - - Rt 50 -

e B e B b P B e B A8 WD D WS D B ™o

Y COzhe

o ooe2a

0930

1
3,908 —

v 'l"l ------ T LA 'j s

=
o

.0

TIncegral

v BEEE e anns naa R T e e e
poe 8 7 3 5 4 3 2 1
13
6 (*C NMR)
g 3 - 28 =% a3 # 3
- } Ay, : L
& zs 3 8% 23 RE® 83
% C0aMe
G At S o o S e S S s S st e ey e b e st i [ A S e S AL S S A N
ppm 180 160 140 120 100 a0 &0 40 20

-S 13-



7 ("HNMR)

00926 09— 2
£
f
[
o 268° 16 ——
) L
BEL AL
- 191 i W-
=
E
LS f— — =.986¢ 0,
CELBL m.\|\1 |J — dlu e
09218 € A
o n £80°6 5 —
M2 =i
m Y C£9' g2} ——
i f 292" 9E1——
- [T —
—
[
[
"
i
= —5aT
= [
e e —
m,_ en
- ;
= L ~
(9165 { a1 a7
20098'L— o000 I+ M
BeiEa = ———
= Z
{ Q
3 " B
atd ol § ~ wad
N~

COhe

it

teO,C
-S 14-

T

T
140

160

180

200

pom



8 (‘"H NMR)

L1005 8- —
16’ 3

LR0EE
aroE'E —
EEdE E =
PR

COaMe

cl

-
B

BBLIE ——

OFe 8¢
FIL AL v
BEG 24

€8y Bl ——

922 BC
£LE°6EE
66 261 ——
ES2 9E ——

2P Epl——

pel 29—

COzhle

Cl

T T
180

ppm

-S 15-



9 ("H NMR)

S3353E380 ©

L S T}

— ROEY]

il |

— 1. oSS

O\
Y come

—(. 0007

o .fi
e E e e o e o o e e e e L B e e e e
L] ! ] L

4 L] 2 o
13
9 ("CNMR)
8 e g%wm = [Te B ) o
2 I RESg B BFep 2
: 3 T 2883 2 RE# 3
O\
COsMe
R ; : SN S SN NPT ;
oo 180 160 140 120 100 a0 B0 40 20 0



10 ("H NMR)

£2000 " §——

el E——

FEEFE 'S
EEG5E QV

B9482° L
LEBES L
OLBFG L~
EO0955 L
a9 L
PO8LS L

FEET L
ChLPY L
POELI L
BIESI L
1206078
EERS0 B
1960 R
i6irl B

wid

 C0sMe

MO,

S0

)

/

|

L1
1

4

b

Ql
k=

A
g

5

10 (*C NMR)

=

3\

T
-]

u

g

L g

_Z.?_.__1 g

086 15 ——

BEL 9
29178 Wl
LBS L

@0 0rk—"

FEE BFL

8w\l —

wild

. C0sMe

NO,

1
180

ppm

-S 17-



11 ("H NMR)

-

= 1.9079
— T.da&2
—_— 1.6

__— T.48T

=

366
N

—
-—

——— 3} 8744
T 3.8013
T | 5629

— ] 75

15844

=0, J0oa

i 6 B £ 3%
: & 2 B
S I EN— B— — 1 T— —— e ——— —
pom B 7 ] 5 4 3 e i L
13
11 (°"C NMR)
2 g £8 3 2 & BgEx & 8
Blie £€ 8 & g mee g =
|
el '\
COuMe
|
pm 160 140 20 100 80 &0 40 20 [1]



12 ("H NMR)
: 88
|\

%
|

I

6.1z
i.nm
—_— m?
1765

£4f

KRR
3 M08

N 1.0
31482

£

\e

— R
1.2814
1.9
Q.88
0. 8561

-
=

I I

]
& oo =
: |
3@:
i
1
i :
i
1.—...__: C

i

12 (*C NMR)

T~
L=

i
3;1-—--n—-—--.—1- R B e R
a

L= ™ fu ™M o - -~ [=1 0 Ll m
2 B3 ge¢s E I8 RE:X 3 8
a8 e B Sa3 = g & rRE & &
|
WA 3
Ciozhe
|
T T T T Tl 1 LR )
oom 180 160 140 120 100 a0 60

-S 19-

P

|



13 ("H NMR)

. EisaE T
| NV IV NV | |

13
13 (*C NMR)
: BE 85BIAF  § BERE 3
g 8 83 3sAEs? 8 RREE &
|
MeO—{i >—
\ COzMe
OHC
— [ T T T A Yy —— T . — v —
pom 250 200 150 100 50 [}

-S 20-



14 ("H NMR)

:

Coshe

] Pmuﬁl
21,8000
y LT - o

L
& .

14 (*C NMR)

e 2 =mw o @mc=Dm
8 s pmdgrmty, . smesinimnl
a

o wm wm

——168.975
———1B66 654
39
38
35
28

[T}

11111

90,540

—i %10
—g 01
=) 10

—] W000L

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

TETH[TUTETETRT PR ARy T

T
i 180 160 140

e 1
4} 20



15 ("H NMR)

£00" 0= ——

(LR E ——

T6k°9

ﬂ.m.mﬁ
LSE°L
0LS" L
ZHS'L
BAS'L
019" L
a19°L
EZ9°L
LAR"L
S68°L
e
8514

N\

COte

Ok

BN
sl ut W
Friw s

9659 ——

L[ mmn..,ff

Sl Rl ——

510620 ——
i

166 6L 1
or EW
o6t irt

wl H—

COzMe

1

-S 22-



..............

\\V/ 4

— 3.847

fe O

Ok
! CCzhe

=
=

E 58 CEEEPEFEET SER 8
& g8 ELLELILED RRE &

-
=
)
X
<

T T T T T T

e |
o 180 160 140 120 100 Bo B0

[
3

-S 23-



17 ("H NMR)

L0000
66H00°0—"

0Bgse f——

gicEr e——

L080B°E
1LB0B°E

SBIEE 9
P2EEE'S
SECEE 9
LEDBE L
BERDE £
TEREe L
E2lre L
{ggse L
92692 ¢
0ESE L
18s62 L
piLes L
00BES "L
261654
UBLSS L
Fisios
9/800°8

S\

udd

CONe

Le
PR T p—
f 65 16 ——
| —ry
— T EBEF]
[ 9£L° Gt
rm 091 4L Wu
b 58544
|J_ — WGl Pt
-
_ [
f R e
L G2E 921
E LLE92)
: 800 081 —__
[ 1920}
t gee EEl—_
f 209 cet—"_
o BLb BRl—"
e— mmmm.n_—
Fr 99E 91—
G
_H.llvmﬁu_,” MA}
“Lpul 0000 T @ =
| £ Q
- s
I & R
wabai § N~ wad
—

COMe

-S 24-



20000 Q=—

R R R e
0

0gr5e I ——

[
r
[
Cre
3 iy FBE 15
r Ire' 16
r 2a0°28 ——
|
r LB
E 4] Qs V
r 585 Lt
72661 € I;.‘ 3
i2zig €
o 3 -
BB —
il —
Eol g2l
o m.mm.mm_v
= 960 201 ——
m BHL BEh— _
Bro Ork——
o oo el —"
39/8E G
cooty 9=
EFEBP 89—
aeevs 95— - 810" 091 ——
ik B E 960° 991 ——
FO2ES L T 3
. ooes't M,_ = - t —
s : =1 &
Gie I-
2 et 2= 2
0000° 1=
._Sm.h\ — @)
e zmeese [a «
~ =0 leubiurs 2 ~
foe) fo) wad
— —

20

40

TrprTeTT

o whacisr

COghe

100

MeC,C
MeQ
-S 25-

140

180

B L L e e e B L AL LG L

pon



3. 84706
3. 83575
3. 81440

T 41274

[
B6T41
51048
1238y

EHI5e
B36IS
271

6. 58271
6. 52877

P P P P P P

=i 6612

s
N
o

Me Ot

el , —

MeO.C'

il

=

|

— 536
— 1. 267
0.01143

B

Do ] 7 ] 5 4

T i —————

o

19 (*C NMR)

2% B B BRART & B
e S o oW G m —-wo oo D -
= re @ N oD o® ~ o~
e oW < MO e -

9.0 2 0S22S

|

AV

\

MeD,C

hed
CiOshe

MeO,C

i 1..;-----...-r|-|1|-.1|pnm';'"ip-qrrq- R R R e R e

._...
=
a-

76.745
- 51.976
51.943

— £3.230




P P P P P P

pps
87163

#1786

53418

Ba161

§2786

6206
647925
#5035

4263

A156%
——5.33053
—158053
— 25716

_——3 82637
T3 1L
——101.07077
=11, 00061

Me0sC
HDE >—\
Y coume
Motz

3
»
[- ]
G
M
.
w
reed
(=3

20 (*C NMR)

oy = - oMW e ~ 1 P D fu
'3 ity £ L g S i an] -
8 g8 2 9YHHNER 2 REce 7

MeCLC

HO 5
COzMe

[LET e
[ ] e [T i = S = R e ] — 1 ———]
ppm 1B0 160 140 120 100 B0 Bl 40 20

-S 27-



21 ("HNMR)
&

hhhhhhhh C-N-RT- Mmoo P

NN N

— 10 3969

aara

0301

BELD

087

9053

672

6439

2660

6068

5548

Th

4547

8615

arz3

9566

B35

8458

8403

8353

B238

B1a2

B0

693

— L6

—_— .2
a1

0004

MelyC

Med
COsMe

OHC

‘ |

.

i)

H Pl efas) e
H m %H% FE‘ IE\ -

i e prerrrrrrrr T ey 1 e e AT TTPETTTTTTE R T e b E R B
op= n ] ]

21 (*C NMR)

3. 104
4 0043
1.810

B
"
=

3 2 CRYEIgEEE
3 B :RHSS8ERE
mmmmmmm
g g g YRNARRERS
2 83

77,588
77161
76.736
64.995
51.932
51.847

pRm

7 Y

MeDsC

ke
: \‘—hCOzMe

OHC

: e ; = : - - - T T T ¥ >
opm 200 150 100 50

-S 28-



22 ("HNMR)

§ ¥IFRIEREGASiis EYYREEEECHERRITFNAE 38
E = i A - - 3 T L L T R S oo

=
==
-
-

Q09 L'—_
E

% Il
7 1
1. o
-
3
]

22 (*C NMR)

R W OW MM e e e e

NN Z NS

-
=
a

=—105.058
=——108.853

41

kL]

k]

Ell

ki

28

27

1]

13

18

tle 00

Mle OCHM S,

COahe

rrrprETT—T ' 1 i B e e T e L e e L e ——————
== 180 160 140 1E0 -] Bl (=] 40 20

-S 29-



