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(Z)-ethyl 3-tosylacrylate (3aa)"
Me

Q.

_S”7 CO,Et
O/ \ S / 2

'H NMR (400 MHz, CDCls) § 7.87 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.52
(d, J = 11.6 Hz, 1H), 6.27 (d, J = 11.6 Hz, 1H), 4.32 (g, J = 7.2 Hz, 2H), 2.45 (s, 3H),
1.35 (t, J = 7.2 Hz, 3H).”*C NMR (100 MHz, CDCls) § 164.1, 145.2, 136.5, 135.4,
131.4,130.0, 128.3, 62.2, 21.7, 14.0.

(2)-ethyl 3-(phenylsulfonyl)acrylate (3ba)*

g

_S”~ CO,Et
O/ \_, 2

'H NMR (400 MHz, CDCls) § 8.02 (d, J = 8.0 Hz, 2H), 7.70 — 7.66 (m, 1H), 7.62 —
7.57 (m, 2H), 6.56 (d, J = 11.6 Hz, 1H), 6.53 (d, J = 11.2 Hz, 1H), 4.38 (q, J = 6.8 Hz,
2H), 1.41 (t, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl) § 164.1, 139.6, 135.3,
134.2,132.1,129.5, 128.4, 62.3, 14.1.

(2)-ethyl 3-(phenylsulfonyl)acrylate (3ca)

"
_0

_.S”  CO,Et
O/ \ - / 2

'H NMR (400 MHz, CDCl3) § 8.05 (d, J = 7.6 Hz, 1H), 7.52 (t, J = 7.2 Hz, 1H),
7.38(t, J = 7.6 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 6.61 (d, J = 12.0 Hz, 1H), 6.51 (d, J
= 11.6 Hz, 1H), 4.28 (g, J = 6.8 Hz, 2H), 2.65 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). ©°C
NMR (100 MHz, CDCl3) § 163.6, 138.4, 137.8, 135.6, 134.0, 132.6, 131.6, 129.7,
126.5, 62.1, 20.3, 13.9. IR: 2971, 1730, 1336, 1144, 730, 705. MS (ESI, m/z) 277 (M
+ Na*); HRESIMS Calcd for [C1,H14NaO,S]™ (M + Na*) 277.0505, found 277.0501.

(2)-ethyl 3-(m-tolylsulfonyl)acrylate (3da)
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//s//o CO,Et
0" \—/

'H NMR (400 MHz, CDCls) & 7.83 — 7.77 (m, 2H), 7.46 — 7.2 (m, 2H), 6.52 (d, J =
11.2 Hz, 1H), 6.48 (d, J = 11.6 Hz, 1H), 4.35 (q, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.38 (t,
J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCls) § 163.0, 138.6, 138.3, 134.1, 133.8,
130.7, 128.2, 127.4, 124.3, 61.1, 20.3, 13.0. IR: 2978, 1723, 1344, 1142, 732, 702.
MS (ESI, m/z) 277 (M + Na*); HRESIMS Calcd for [C1,H14NaO4S]" (M + Na’)
277.0505, found 277.0511.

(2)-ethyl 3-(4-methoxyphenylsulfonyl)acrylate (3ea)*

MeO

-0
_S”  CO,Et
oA __ /772

'H NMR (400 MHz, CDCls) & 7.86 (d, J = 9.2 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 6.44
(d, J =11.6 Hz, 1H), 6.37 (d, J = 11.6 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 3.81 (s, 3H),
1.32 (t, J = 7.2 Hz, 3H)."*C NMR (100 MHz, CDCl;) 5 164.2, 164.1, 135.7, 130.9,
130.6, 114.6, 62.1, 55.7, 14.0.

(2)-ethyl 3-(4-(trifluoromethoxy)phenylsulfonyl)acrylate (3fa)

F5CO

/O
_S”7 CO,Et
O \—/

'H NMR (400 MHz, CDCl3) & 8.16 (d, J = 8.4 Hz, 2H), 7.85(d, J = 8.4 Hz, 2H), 6.62
(d, J = 11.6 Hz, 1H), 6.57 (d, J = 11.6 Hz, 1H), 4.37 (q, J = 7.2 Hz, 2H), 1.39 (t, J =
7.2 Hz, 3H). *C NMR (100 MHz, CDCls) & 163.7, 142.9, 135.6 (d, J = 32.6 Hz),
134.5, 133.5, 128.9, 126.4(q, J = 3.8 Hz), 123.0 (d, J = 271.8 Hz), 62.3, 13.9. IR:
2986, 1734, 1322, 1152, 733, 701. MS (ESI, m/z) 347 (M + Na*); HRESIMS Calcd
for [C1,H11NaF305S]" (M + Na*) 347.0171, found 347.0177.
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(Z)-ethyl 3-(4-acetamidophenylsulfonyl)acrylate (3ga)?

AcHN

o)
_S”7 CO,Et
0 A\—/

'H NMR (400 MHz, CDCls) & 7.86 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.57
(s, 1H), 6.45 (d, J = 11.2 Hz, 1H), 6.41 (d, J = 11.6 Hz, 1H), 4.29 (q, J = 6.8 Hz, 2H),
2.15 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H)."*C NMR (100 MHz, CDCls) 5 168.7, 164.1,
143.3,135.4, 133.9, 131.6, 129.7, 119.4, 62.1, 24.7, 13.9.

(2)-ethyl 3-(4-fluorophenylsulfonyl)acrylate (3ha)*
F
_O

.S~ CO,Et
oA __ /772

IH NMR (400 MHz, CDCls) 5 8.01 — 7.93 (m, 2H), 7.18 (d, J = 8.0 Hz 2H), 6.45 (s,
2H), 4.30 (q, J = 7.2 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls) §
166.1 (d, J = 271.2 Hz), 163.9, 135.5 (d, J = 3.7 Hz), 135.2, 132.2, 131.3(d, J = 9.4
Hz), 116.7 (d, J = 22.6 Hz), 62.3, 14.0.

(2)-ethyl 3-(4-chlorophenylsulfonyl)acrylate (3ia)?

Cl

/O
_S”7 CO,Et
0" =/

'H NMR (400 MHz, CDCl5) & 7.88 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.8 Hz 2H), 6.46

(s, 2H), 4.29 (g, J = 7.2 Hz, 2H), 1.32 (t, J =6.8 Hz, 3H). *C NMR (100 MHz, CDCl3)
5 163.9, 140.9, 138.0, 135.0, 132.5, 129.8, 129.7, 62.3, 14.0.

(2)-ethyl 3-(4-bromophenylsulfonyl)acrylate (3ja)*
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Br

/O
_S”7 CO,Et
O7 \—/

'H NMR (400 MHz, CDCl3) 5 7.80 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 6.46

(s, 2H), 4.29 (g, J = 7.2 Hz, 2H), 1.31 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, CDCl3)
8 163.8, 138.5, 135.0, 132.6, 132.5, 129.8, 129.5, 62.3, 14.0.

(2)-ethyl 3-(4-iodophenylsulfonyl)acrylate (3ka)

/O
_S”” CO,Et
O \—/

'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 6.56
(d, J =11.2 Hz, 1H), 6.52 (d, J = 11.6 Hz, 1H), 4.36 (q, J = 7.2 Hz, 2H), 1.38 (t, J =
7.2 Hz, 3H). *C NMR (100 MHz, CDCl3) & 163.8, 139.0, 138.6, 134.8, 132.5, 129.5,
102.2, 62.2, 13.9. MS (ESI, m/z) 367 (M + H*); HRESIMS Calcd for [C1;H12104S]*
(M + H") 366.9495, found 366.9494.

(2)-ethyl 3-(4-(trifluoromethyl)phenylsulfonyl)acrylate (31a)

FsC

/O
_S”7 CO,Et
O \—/

'H NMR (400 MHz, CDCls) & 8.16 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 6.63
(d, J = 11.6 Hz, 1H), 6.58 (d, J = 11.6 Hz, 1H), 4.37(q, J = 7.2 Hz, 2H), 1.39(t, J = 6.8
Hz, 3H). *C NMR (100 MHz, CDCls) & 163.8, 142.9, 135.5 (t, J = 32.7 Hz), 134.5,
133.5, 128.8, 126.4 (d, J = 3.8 Hz ), 123.0 (d, J = 271.8 Hz ), 62.3, 13.9. IR: 2956,
1733, 1322, 1151, 735, 701. MS (ESI, m/z) 331 (M + Na*); HRESIMS Calcd for
[C12H11:NaF30,S]" (M + Na*) 331.0222, found 331.0228.

(2)-ethyl 3-(4-cyanophenylsulfonyl)acrylate (3ma)
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NC

/O
_S”" CO,Et
O \—/

'H NMR (400 MHz, CDCls) & 8.08 (d, J = 8.8 Hz, 2H), 7.80 (d, J = 8.8 Hz, 2H), 6.56
(d, J =11.2 Hz, 1H), 6.49 (d, J = 11.6 Hz, 1H), 430 (g, J = 7.2 Hz, 2H), 1.31 (t, J =
7.2 Hz, 3H). *C NMR (100 MHz, CDCl3) & 163.5, 143.6, 134.5, 134.0, 133.0, 128.9,
117.7, 117.0, 62.4, 13.9. IR: 2987, 1735, 1326, 1150, 740, 702. MS (ESI, m/z) 288
(M + Na"); HRESIMS Calcd for [Ci,H1iNaNO,S]" (M + Na') 288.0301, found
288.0309.

(2)-ethyl 3-(4-nitrophenylsulfonyl)acrylate (3na)®
O,N
.0

.S” CO,Et
O/ \ - / 2

'H NMR (400 MHz, CDCls) & 8.34 (d, J = 8.8 Hz, 2H), 8.16 (d, J = 8.8 Hz, 2H), 6.57
(d, J = 11.6 Hz, 1H), 6.51 (d, J = 11.2 Hz, 1H), 4.31 (q, J = 7.2 Hz, 2H), 1.32 (t, J =
7.2 Hz, 3H). *C NMR (100 MHz, CDCls) & 163.4, 151.0, 145.2, 134.5, 134.3, 129.8,
124.4,62.5, 13.8. IR: 2983, 1734, 1325, 1153, 742, 704.

(2)-ethyl 3-(4-chloro-3-fluorophenylsulfonyl)acrylate (30a)

Cl

/O
_S7~ CO,Et
O \—/

'H NMR (400 MHz, CDCl3) & 8.12 — 8.10 (m, 1H), 7.96 — 7.92 (m, 1H), 7.35 (t, J =
8.4 Hz, 1H), 6.60 (d, J = 11.6 Hz, 1H), 6.55 (d, J = 11.6 Hz, 1H), 4.37 (q, J = 7.2 Hz,
2H), 1.40 (t, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl3) & 163.7, 161.6 (d, J =
1032.4 Hz), 136.5 (d, J = 15.2 Hz), 134.7, 133.2, 131.4, 129.1 (d, J = 36.4 Hz), 122.8
(d, J = 72.8 Hz), 117.7 (d, J = 91.2 Hz), 62.3, 14.0. § IR: 2985, 1733, 1322, 1152, 740,
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705. MS (ESI, m/z) 315 (M + Na*); HRESIMS Calcd for [C1;H;oNaCIFO4S]™ (M +
Na") 314.9865, found 314.9866.

(2)-ethyl 3-(mesitylsulfonyl)acrylate (3pa)

Me

Qm
(0]

CO,Et

Me O’/S _

'H NMR (400 MHz, CDCls) & 6.89 (s, 2H), 6.59 (d, J = 12.0 Hz, 1H), 6.35 (d, J =
12.0 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 2.57 (s, 6H), 2.23 (s, 3H), 1.22 (t, J = 7.2 Hz,
3H).°C NMR (100 MHz, CDCls) & 163.7, 143.9, 140.4, 138.4, 133.8, 132.3, 129.7,
62.1,22.8, 21.2, 14.1. IR: 2925, 1724, 1305, 1146, 732, 704. MS (ESI, m/z) 305 (M +
Na"); HRESIMS Calcd for [C14H1gNa0,4S]” (M + Na*) 305.0818, found 305.0825.

(2)-ethyl 3-(naphthalen-2-ylsulfonyl)acrylate (3qa)*

“Q,

oS COsEt

'H NMR (400 MHz, CDCls) & 8.50 (s, 1H), 7.95 — 7.85 (m, 4H), 7.63 — 7.5
5 (m, 2H), 6.52 (d, J = 11.6 Hz, 1H), 6.45 (d, J = 11.6 Hz, 1H), 4.32 (q, J
= 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls) & 164.
0, 136.3, 135.5, 135.2, 132.2, 131.9, 130.2, 129.7, 129.6, 129.5, 128.0, 127.7,
122.7, 62.2, 13.9.

(2)-ethyl 3-(thiophen-2-ylsulfonyl)acrylate (3ra)

~ s

f—

S CO,Et
O/ \ - n 2

2

'H NMR (400 MHz, CDCl3) 5 7.82 (d, J = 3.6 Hz, 1H), 7.74 (d, J = 5.6 Hz, 1H), 7.17
(t, J = 4.4 Hz, 1H), 6.64 (d, J = 11.6 Hz, 1H), 6.48 (d, J = 11.2 Hz, 1H), 4.37 (g, J =

7.2 Hz, 2H), 1.39 (t, J = 7.2 Hz, 3H).**C NMR (100 MHz, CDCls) 5163.8, 140.7,
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135.9, 135.2, 135.2, 131.6, 128.3, 62.4, 14.1. IR: 2924, 1726, 1319, 1144, 734, 701.
MS (ESI, m/z) 269 (M + Na'); HRESIMS Calcd for [CgH1oNaO,S,]" (M + Na)
268.9913, found 268.9916.

(2)-ethyl 3-(butylsulfonyl)acrylate (3sa)

n-Bu
\ /O

_S”" CO,Et
0" \—/

'H NMR (400 MHz, CDCls) § 6.59 (d, J = 11.2 Hz, 1H), 6.54 (d, J = 11.6 Hz, 1H),
4.26 (g, J = 7.6 Hz, 2H), 3.18 (t, J = 8.0 Hz, 2H), 1.81 — 1.73 (m, 2H), 1.48 — 1.39 (m,
2H), 1.30 (t, J = 7.2 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls) §
163.4, 135.9, 134.1, 62.1, 55.1, 23.8, 21.6, 13.8, 13.4. IR: 2972, 1647, 1304, 1153,
739, 702. MS (ESI, m/z) 243 (M + Na*); HRESIMS Calcd for [CoH1sNaO,S]™ (M +
Na*) 243.0662, found 243.0672.

(2)-ethyl 3-(cyclopropylsulfonyl)acrylate (3ta)

-0
.S~
o __ CO,Et

'H NMR (400 MHz, CDCl3) & 6.54(d, J = 11.6 Hz, 1H), 6.49(d, J = 11.6 Hz, 1H),
4.24(q, J = 7.2 Hz, 2H), 2.70 — 2.62 (m, 1H), 1.32 — 1.18 (m, 5H), 1.04 — 0.97 (m,
2H).*C NMR (100 MHz, CDCl3) § 163.7, 135.9, 132.6, 62.2, 31.4, 13.9, 5.3. IR:
2924, 1726, 1319, 1144, 736, 701. MS (ESI, m/z) 227 (M + Na*); HRESIMS Calcd
for [CsH12Na0,S]* (M + Na*) 227.0349, found 227.0357.

(2)-ethyl 3-(3-chloropropylsulfonyl)acrylate (3ua)

-0
Cl _S”
o __ CO,Et

'H NMR (400 MHz, CDCls) & 6.65(d, J

12.0 Hz, 1H), 6.59(d, J = 11.6 Hz,

1H), 4.32(q, J = 7.2 Hz, 2H), 3.69(t, J = 6.4 Hz, 2H), 3.43(t, J = 7.6 Hz, 2
H), 1.35(t, J = 7.2 Hz, 3H), 1.31 — 1.24(m, 2H)."*C NMR (100 MHz, CDCls)

0 163.3, 135.7, 134.8, 62.4, 52.7, 42.7, 25.2, 13.9. IR: 2964, 1733, 1316, 112
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9, 735, 702. MS (ESI, m/z) 263 (M + Na'); HRESIMS Calcd for [CsH1sNaCl
0.S]* (M + Na*) 263.0115, found 263.0123.

(Z)-methyl 3-tosylacrylate (3ab)?

Ts
l§CO.Me

'H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.53
(d, J = 11.6 Hz, 1H), 6.47 (d, J = 11.6 Hz, 1H), 3.88 (d, J = 1.7 Hz, 3H), 2.44 (s, 3H).
13C NMR (100 MHz, CDCls) & 164.6, 145.4, 136.5, 136.0, 131.1, 130.1, 128.4, 52.9,
21.8.

(2)-isopropyl 3-tosylacrylate (3ac)

Ts

. CO,i-Pr
IH NMR (400 MHz, CDCls) 5 7.89 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.48
(d, J = 11.6 Hz, 1H), 6.44 (d, J = 11.6 Hz, 1H), 5.28 — 5.19 (m, 1H), 2.45 (s, 3H), 1.38
(s, 3H), 1.37 (s, 3H). 3C NMR (100 MHz, CDCly) § 163.6, 145.1, 136.6, 134.9, 131.8,
129.9, 128.3, 70.3, 21.7, 21.6. IR: 2924, 1722, 1308, 1142, 738, 706. MS (ESI, m/z)
291 (M + Na"); HRESIMS Calcd for [C13H1sNaO4S]" (M + Na') 291.0662, found
291.0667.

(2)-tert-butyl 3-tosylacrylate (3ad)

Ts
&COzt-BU

'H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.34
(s, 2H), 2.37 (s, 3H), 1.52 (s, 9H). *C NMR (100 MHz, CDCl3) & 163.0, 145.0, 136.7,
133.6, 132.5, 129.9, 128.1, 83.9, 28.0, 21.83. IR: 2925, 1724, 1307, 1147, 731, 701.
MS (ESI, m/z) 305 (M + Na*); HRESIMS Calcd for [C14H1gNaO4S]" (M + Na')
305.0818, found 305.0825.

(2)-phenyl 3-tosylacrylate (3ae)
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Ts
lxCOo.Ph

'H NMR (400 MHz, CDCl3) & 7.90 (d, J = 8.4 Hz, 2H), 7.46-7.42 (m, 2H), 7.38 —
7.28 (m, 5H), 6.68 (d, J = 11.6 Hz, 1H), 6.65 (d, J = 11.6 Hz, 1H), 2.44 (s, 3H).”*C
NMR (100 MHz, CDCls) & 163.0, 150.2, 145.6, 136.4, 130.7, 130.2, 129.8, 129.6,
128.6, 126.6, 121.7, 21.9. IR: 2923, 1731, 1307, 1141, 733, 710. MS (ESI, m/z) 325
(M + Na’); HRESIMS Calcd for [CigH14NaO,S]™ (M + Na*) 325.0505, found
325.0511.

(2)-benzyl 3-tosylacrylate (3af)

Ts
I CO8n

'"H NMR (400 MHz, CDCl3) & 7.74 (d, J = 8.4 Hz, 2H), 7.39 — 7.28 (m, 5H), 7.20 (d,
J = 6.8 Hz, 2H), 6.47 (d, J = 11.2 Hz, 1H), 6.42 (d, J = 11.6 Hz, 1H), 5.25 (s, 2H),
2.36 (s, 3H). *C NMR (100 MHz, CDCls) 5 163.9, 145.2, 136.4, 135.9, 134.8, 131.0,
129.9, 128.9, 128.7, 128.6, 128.3, 68.0, 21.7. IR: 2920, 1732, 1305, 1143, 734, 713.
MS (ESI, m/z) 362 (M + Na*); HRESIMS Calcd for [C17H16NaO4S]" (M + Na’)
362.0662, found 362.0668.

(2)-cyclopentyl 3-tosylacrylate (3ag)

LE O

'H NMR (400 MHz, CDCls) & 7.88 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 6.47
(d, J = 11.6 Hz, 1H), 6.44 (d, J = 11.2 Hz, 1H), 5.40 — 5.35 (m, 1H), 2.45 (s, 3H), 1.95
— 1.90 (m, 4H), 1.82 — 1.77 (m, 2H), 1.68 — 1.61 (m, 2H). **C NMR (100 MHz,
CDCl3) 6 163.9, 145.1, 136.6, 134.9, 131.8, 129.9, 128.3, 79.6, 32.4, 23.7, 21.7. IR:
2973, 1742, 1319, 1149, 738, 702. MS (ESI, m/z) 317 (M + Na*); HRESIMS Calcd
for [C15H1sNaO,S]* (M + Na*) 317.0818, found 317.0820.

(2)-cyclopropylmethyl 3-tosylacrylate (3ah)
Ts O
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'H NMR (400 MHz, CDCl3) & 7.90 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.52
(d, J =11.2 Hz, 1H), 6.49 (d, J = 11.6 Hz, 1H), 4.13 (d, J = 7.6 Hz, 2H), 2.45 (s, 3H),
1.30 — 1.20 (m, 1H), 0.65 (q, J = 5.6 Hz, 2H), 0.37 (q, J = 4.8 Hz, 2H). *C NMR (100
MHz, CDCly) & 164.2, 145.2, 136.6, 135.4, 131.4, 139.9, 128.4, 71.1, 21.7, 9.52, 3.53.
IR:2924, 1726, 1319, 1144, 701. MS (ESI, m/z) 303 (M + Na*); HRESIMS Calcd for
[C14H16Na0,S]" (M + Na*) 303.0662, found 303.0670.

(2)-2-hydroxyethyl 3-tosylacrylate (3ai)

Ts 9

X-Crg~OH
'H NMR (400 MHz, CDCls) & 7.86 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 6.54
(d, J = 11.6 Hz, 1H), 6.50 (d, J = 11.6 Hz, 1H), 4.47 (t, J = 4.4 Hz, 2H), 3.95 (t, J =
4.0 Hz, 2H), 2.87 (s, 1H), 2.46 (s, 3H) .**C NMR (100 MHz, CDCls) & 164.2, 145.6,
136.0, 135.3, 130.8, 130.1, 128.2, 68.1, 60.7, 21.7. IR: 2971, 1749, 1312, 1145, 735,
706. MS (ESI, m/z) 293 (M + Na*); HRESIMS Calcd for [C1,H14NaOsS]™ (M + Na*)
293.0454, found 293.0458.

(2)-2-bromoethyl 3-tosylacrylate (3aj)

Ts (l?

XCrg B
'"H NMR (400 MHz, CDCls) & 7.87 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 6.55
(d, J = 11.6 Hz, 1H), 6.50 (d, J = 11.6 Hz, 1H), 4.61 (t, J = 6.4 Hz, 2H), 3.63 (t, J =
6.4 Hz, 2H), 2.45 (s, 3H). *C NMR (100 MHz, CDCls) & 163.7, 145.4, 136.2, 135.9,
130.4, 130.1, 128.3, 65.1, 27.9, 21.7. IR: 2971, 1740, 1312, 1147, 738, 704. MS (ESI,
m/z) 355 (M + Na*); HRESIMS Calcd for [C1,H13NaBro,S]™ (M + Na®) 354.9610,
found 354.9618.

(2)-ethyl 3-tosylbut-2-enoate (3al)

Ts

e I coEt
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'H NMR (400 MHz, CDCls) & 7.88 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.26
(s, 1H), 4.35 (g, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.96 (s, 3H), 1.38 (t, J = 7.2 Hz,
3H).2*C NMR (100 MHz, CDCl3) & 165.1, 145.1, 142.4, 135.3, 129.9, 128.8, 128.6,
61.9, 21.7, 17.9, 14.0. IR: 2977, 1720, 1344, 1145, 733, 707. MS (ESI, m/z) 291 (M +
Na"); HRESIMS Calcd for [C13H16NaO,4S]” (M + Na®) 291.0662, found 291.0665.

(2)-ethyl 3-tosylhept-2-enoate (3am)

Ts

MeWCOZEt
3

IH NMR (400 MHz, CDCly) & 7.87 (d, J = 7.6 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.25
(s, 1H), 3.89 (s, 3H), 2.45 (s, 3H), 2.24 (t, J = 7.6 Hz, 2H), 1.45-1.38 (m, 2H),
1.25-1.21 (m, 4H), 0.83 (t, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCls) & 166.3,
147.1, 145.0, 135.7, 129.9, 128.5, 127.4, 52.7, 30.9, 30.2, 27.3, 22.2, 21.7, 13.8. IR:
2978, 1721, 1343, 1143, 735, 709. MS (ESI, m/z) 305 (M + Na*); HRESIMS Calcd
for [C16H22Na0,S]" (M + Na*) 305.0818, found 305.0810.

(2)-ethyl 3-phenyl-3-tosylacrylate (3an)*

Ts
o I COEt

'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.4 Hz, 2H), 7.36-7.31 (m, 1H), 7.27-7.26
(m, 4H), 7.20 (d, J = 8.0 Hz, 2H), 6.39 (s, 1H), 4.42 (q, J = 7.2 Hz ,2H), 2.37 (s, 3H),
1.44 (t, J = 7.2 Hz, 3H).”*C NMR (100 MHz, CDCls) § 165.1, 146.2, 144.8, 1355,
132.3,130.4, 129.6, 129.6, 129.5, 128.7, 128.2, 62.1, 21.6, 14.0.

(E)-ethyl 3-bromo-3-tosylacrylate (3a0)

Ts

Br/‘\/COZEt

'H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz,
2H), 6.72 (s, 1H), 435 (q, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.35 (t, J = 7.2
Hz, 3H). ®*C NMR (100 MHz, CDCls) § 161.6, 144.6, 135.1, 132.5, 129.2, 12

7.2, 1247, 625, 20.7, 12.8. IR: 2973, 1720, 1343, 1146, 738, 702. MS (ESI,
12/60



m/z) 355 (M + Na’); HRESIMS Calcd for [C1;H13NaBrO4S]” (M + Na®) 354.9
610, found 354.9613.

(Z2)-ethyl 4,4,4-trifluoro-3-tosylbut-2-enoate (3ap)

Ts

3

'H NMR (500 MHz, CDCl3) & 7.93 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 7.5 Hz,
2H), 7.05 (s, 1H), 4.45 (q, J = 7.5 Hz, 2H), 2.47 (s, 3H), 1.43 (t, J = 7.0
Hz, 3H). **C NMR (125 MHz, CDCls) & 162.8, 146.1, 136.1, 135.4, 135.3, 12
9.9, 128.9, 119.1, 62.8, 21.7, 13.8. IR: 2973, 1722, 1345, 1143, 734, 705. MS
(ESI, m/z) 345 (M + Na’); HRESIMS Calcd for [Ci13H13FsNaO4S]" (M + Na')
345.0379, found 345.0381.

(Z2)-N-benzyl-3-tosylacrylamide (3ar)

Ts
R/CONHBn

'"H NMR (400 MHz, CDCl3)  7.70 (d, J = 8.4 Hz, 2H), 7.33 — 7.24 (m, 7H), 6.80 (s,
1H), 6.46 (d, J = 12.0 Hz, 1H), 6.43 (d, J = 12.0 Hz, 1H), 4.49 (d, J = 5.6 Hz, 2H),
2.37 (s, 3H). *C NMR (100 MHz, CDCl3) & 163.0, 145.4, 137.1, 136.4, 134.8, 130.1,
128.9, 128.8, 128.2, 128.0, 127.8, 44.13, 21.72. IR: 2978,1721,1343,1143,709. MS
(ESI, m/z) 338 (M + Na"); HRESIMS Calcd for [Ci;H17NaNO3S]"™ (M + Na')
338.0821, found 338.0822.

(Z)-N-phenyl-3-tosylacrylamide (3as)

Ts
R/CONHPh

'H NMR (400 MHz, (CD3)SO) & 10.38 (s, 1H), 7.83 (d, J = 8.0 Hz, 2H), 7.60 (d, J =
8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.09 (t, J = 8.0 Hz, 1H),
7.01 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 2.40 (s, 3H). **C NMR (100 MHz,
(CD3)SO) & 162.5, 145.1, 139.0, 137.4, 136.7, 133.5, 130.3, 129.2, 128.3, 124.2,
120.1, 21.6. IR: 2976, 1724, 1344, 1141, 732, 705. MS (ESI, m/z) 324 (M + Na");
HRESIMS Calcd for [C16H1sNaNO3S]" (M + Na*) 324.0665, found 324.0667.
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(Z)-4-tosylbut-3-en-2-one (3at)°

Ts O

X Me

'H NMR (400 MHz, CDCl3) & 7.73 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz,
2H), 7.05 (d, J = 15.2 Hz, 1H), 6.90 (d, J = 15.6 Hz, 1H), 2.40 (s, 3H), 2.
28 (s, 3H). *C NMR (100 MHz, CDCls) & 196.7, 141.3, 137.9, 135.6, 131.8,

130.3, 128.3, 29.0, 26.8.

(2)-2-(2-tosylvinyl)pyridine (3au)

'H NMR (400 MHz, CDCls) & 859 (d, J = 4.8 Hz 1H), 7.83 (d, J = 8.0 Hz,
2H), 7.73 (t, J = 7.6 Hz 1H), 7.62 (d, J = 7.6 Hz 1H), 7.45 — 7.39 (m, 2
H), 7.33 (d, J = 8.0 Hz, 2H), 7.30 — 7.26 (m, 1H), 2.43 (s, 3H). *C NMR
(100 MHz, CDCl3) & 151.1, 150.3, 144.6, 139.9, 137.3, 137.0, 132.2, 129.9, 1
27.9, 125.4, 124.9, 21.6. IR: 2973, 1723, 1343, 1146, 735, 703. MS (ESI, m/z)
282 (M + Na'); HRESIMS Calcd for [C14H1sNaNO,S]* (M + Na*) 282.0559,
found 282.0563.

(2)-2,3-dihydro-1H-inden-1-yl 3-tosylacrylate (4aa)

'"H NMR (400 MHz, CDCls)  7.80 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 7.6 Hz, 1H),
7.34-7.33 (m, 2H), 7.29-7.27 (m, 3H), 6.49 (d, J = 11.6 Hz, 1H), 6.46 (d, J = 11.6 Hz,
1H), 6.42-6.40 (m, 1H), 3.22-3.14 (m, 1H), 3.22-3.14 (m, 1H), 2.97-2.90 (m, 1H),
2.61-2.52 (m, 1H), 2.43 (s, 3H), 2.42-2.34 (m, 1H). *C NMR (100 MHz, CDCls) &
164.1, 145.3, 145.1, 140.2, 136.8, 135.5, 131.6, 130.1, 129.5, 128.5, 127.0, 126.3,
125.0, 80.8, 32.1, 30.5, 21.8. IR: 2975, 1726, 1341, 1142, 739, 701. MS (ESI, m/z)
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365 (M + Na*); HRESIMS Calcd for [C19H1sNaO4S]*" (M + Na*) 365.0818, found
365.0820.

(2)-(4-(prop-1-en-2-yl)cyclohex-1-enyl)methyl 3-tosylacrylate (4ab)

'H NMR (400 MHz, CDCls) § 7.87 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8 Hz, 2H), 6.54
(d, J = 11.6 Hz, 1H), 6.49 (d, J = 11.6 Hz, 1H), 5.88 (s, 1H), 4.74-4.73 (m, 2H), 4.67
(s, 2H), 2.45 (s, 3H), 2.22-2.16 (m, 4H), 2.04-1.97 (m, 1H), 1.90-1.84 (m, 1H), 1.75 (s,
3H), 1.56-1.46 (m, 1H), 1.26 (s, 2H). *C NMR (100 MHz, CDCls) § 164.2, 149.6,
145.3, 136.5, 135.5, 132.0, 131.4, 130.0, 128.4, 127.6, 108.9, 70.3, 40.8, 30.6, 27.4,
26.5, 21.8, 20.9. IR: 2922, 1733, 1320, 1147, 731, 702. MS (ESI, m/z) 383 (M + Na*);
HRESIMS Calcd for [CaoH24Na0,S]* (M + Na*) 383.1288, found 383.1389.

(2)-2-ox0-1,2-diphenylethyl 3-tosylacrylate (4ac)

Ts O
X0

Ph
Ph/Kﬂ/

O

'"H NMR (400 MHz, CDCl3) § 7.90 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H),

7.50— 7.44 (m, 3H), 7.37— 7.30 (m, 5H), 7.09 (d, J = 8.0 Hz, 2H), 7.03 (s, 1H), 6.57 (d,
J=11.6 Hz, 1H), 7.61 (d, J = 11.6 Hz, 1H), 2.32 (s, 3H). *C NMR (100 MHz, CDCls)
§192.9, 163.3, 145.6, 136.1, 134.3, 133.6, 132.8, 130.5, 129.9, 129.7, 129.2, 129.2,
128.9, 128.8, 128.7, 128.3, 79.0, 21.7. IR:2915, 1603, 1264, 1155,741, 703. MS (ESI,
m/z) 443 (M + Na"); HRESIMS Calcd for [C24H20NaOsS]* (M + Na*) 443.0924,
found 443.0934.

(2)-((22,62)-3,7,11-trimethyldodeca-2,6,10-trienyl) 3-tosylacrylate (4ad)

Me Me
= Z Me
Ts O
MO = Me
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IH NMR (400 MHz, CDCl3) 5 7.88 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.51
(d, J=11.2 Hz, 1H), 6.46 (d, J = 11.6 Hz, 1H), 5.45 (t, J = 7.2 Hz, 1H), 5.13-5.07 (m,
2H), 4.83-4.79 (m, 2H), 2.45 (s, 3H), 2.17 — 1.95 (m, 8H), 1.76 (s, 3H), 1.68 (s, 6H),
1.57 (s, 3H). B¥C NMR (100 MHz, CDCl3) 6 164.1, 145.2, 143.8, 136.5, 135.7, 135.5,
131.4, 130.0, 128.4, 124.4, 124.3, 123.6, 117.3, 62.9, 39.7, 39.6, 26.6, 26.2, 26.1, 23.3,
17.7, 16.6, 16.0. IR: 2916, 1607, 1265, 1157, 738, 709. MS (ESI, m/z) 453 (M + Na");
HRESIMS Calcd for [C2sH34NaO4S]" (M + Na*) 453.2070, found 453.2077.

Deuterated -(Z)-ethyl 3-tosylacrylate

Ts.  CO,Et
\=<D

'H NMR (400 MHz, CDCl3) 5 7.81 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.45
(s, 1H), 4.30 (q, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). *C NMR (100
MHz, CDCls) & 164.0, 145.2, 136.5, 135.4, 130.0, 128.3, 62.1, 21.7, 14.0. IR: 2926,
1725, 1306, 1144,732, 705. MS (ESI, m/z) 278 (M + Na*); HRESIMS Calcd for
[C12H13DNa0,4S]" (M + Na*) 278.0568, found 278.0571.

(1) Downey, C. W.; Craciun, S.; Neferu, A. M.; Vivelo, C. A.; Mueller, C. J.; Southall, B. C.; Corsi, S.; Etchill,
E. W.; Sault, R. J. Tetrahedron Lett. 2012, 53, 5763-5765.
(2) Araviiskii, R. A.; Veksler, V. I.; Grinberg, G. E.; Mikhailets, G. A.; Mikhailova, V. N.; Mikhailova, M. A.;
Yakovley, V. V. Pharm. Chem. J. 1988, 22, 53-57.
(3) Santo, R. D.; Costi, R.; Massa, S.; Artico, M. Synth. Commun. 1998, 28, 1801-1815.
(4) Shi, W.; Zhang, B.; Liu, B.; Xu, F.; Xiao, F.; Zhang, J.; Zhang, S.; Wang, J. Tetrahedron Lett. 2004, 45,
4563-4566.
(5) Zoller, T.; Breuilles, P.; Klein, S.; Uguen, D.; De Cian, A.; Fischer, J. Tetrahedron Lett. 1999, 40,
9015-9018.

16 /60



'H and *C NMR spectra

[ ] n @ 9T O Qo mMn = o~ o
88 53 23%% 85388 2 $88
~ o~ ~ o~ © © © © < < o~ -
Me
-0
_S77 COEt
0" \—/
Jaa
96
% o7 84
0.92
92
4“ ﬁi l“.l )“L
— T — T —— —
8 7 6 5 4 3 PPM
g = = 2
g g ] ~
Z £ ] 5
| |
!
I ‘
o
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 -10

17 /60



88€'}
0¥’} v
vev'lL

9Ge Y
Sy

ey ——~
oLy =

PPM

P —

Ve —

NERYS

01°pa1—

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

18 /60



60E°L
LEEL
S¥E'L

/

\

0S9E

£S2F
LIZY WI
682y ——
908 -

Me

(0]
=/

CO,Et

s
o*

3ca

=5 L,
g w
= —

&_, -

£98'EL

§9¢°0C

25029

PES9ZL ——
AN A
5851}
P —

LN ———
[[h:2: 4 |\

st —

T
80

T
160

19/60



n 0 @ o~ 0w R W o ~ ==
N © n - MS@KO QO g N (] D @D O
gR 23 2322 8839 2 228
[N G 6 S o P N BER
Me
20
S CO,E
fogra VI,
3da
o]
660 655 650 645 640PPM 3.00
92
91 196 a3
0.96
.
1
— 7 ———— 77— —
8 7 6 5 4 3 2 PPM
g = = 5
] g s o
[
ol
1
| ‘
I
T T T T T T T T T T T . . r T T . T . T T T ,
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 -0 -2

20/60



ooe’L
el T

oeert —

rLe'e

SOzt
ey N
gLy —

s5e'9

€' ————

€Zr'9 —
25v'9 -

69—

£96'9 —

o8l ——
eogL —

CO,Et
froo

ey

W

3
|

MeQ

ZIB'EL

204°55

£0L'EZ9

6S5'FLL

GEG'OEL
LIBOEL

099'GEL

6LL'¥OL
arlrel—

PPM

T
20

21/60



PrE
z96°p w

i ——
gser —

b3
—

v0a'9
eeg9 —

668 ————
09a'L —
poL'g ———=
viva —

.0
“ COEt

=/

3fa

o?>

F1CO

6.66.68.66.58 PPM

-

099
Ae

?sg j{sa

PPM

vo6'€l

veE'Z9

S99'}E}
€8E'VCI

B9V EEL
LPSVEL
LBE'SEL
€2L'GEL
[4%:¥443

189'¢91

w

i

PPM

22/60



¥SLZ

29

082t —
86cy ———
SlEY -

1899 ——
59v'9 =

AcHN

20
2S”

L

CO,Et

O

3ga

f“
I

f

3

-— ==
2
8

. 8

§°3
R

668°¢l

(7874

19029

SiveLL

€0L°62) ———
Lzo'iel
B6E6'EEL
6Ll —

cLTey

EEL'YIL

£89'891

s i

niul

pulidal

L

W

T
140

23/60



66Z'1
et W
SEEL

80Z°%

182 Jlf/l
Yoe'y — =
zzey =

£5¥'9

valL
9L1'L Vl
9lL —

VeB'L —

00 —

,Et

CO,

F 2
-0
57

o

3ha

3

jfm

PPM

856°€L

6¥¢'C9

o0zzLeL
:v::%

z8lzel

GEH—

YO ——0u
06L %91

205°L9L

A

e

¥

PPM

24 /60



162 —

SIEL ———
ZEE'L -

9z'y
Yz N
206

Gy —

28%°9

SorL ——_
oL —

T8l ——
6L —

JEt

2 .0
o5 co

Cl

3ia

3[

G96'EL

982'29

9899,
000 2L
e —

%mme
om;ﬂUY
015°2eL ————
£EO'SEL
96261
oLGopL

£68'€91

b

Yo’

ot

il s

ey

ol

25/60



V

95+'9

26LL

JEt

-0 Cco

Br,
o\
3ja

[

r
1t

8G6'EL

98229

8z8'6Cl
0286t —__
L6615}
Lsrest

1z8'e9l

aid,

VP RRTPPRPTI

ol

l

ey,

TV g

o

L

pihl i

26/60



838

905°9
GE5g — >
115°9

6959 -

HEt

jole)

.0
\—/
3ka

o™

T

TITTTITTTTrITT

6.538.520 PPM

16

1

PPM

526°EL

112'29

daiohd

A )

L25zel

60220} — q
NUG6e — w

25.'e9l

T
PPM

27/60



898 —
988l —— =
vl —

IPEY
BGE'Y W

LUEeEY ————
et —

6959
8659 —
1199
o9 —

668 L ———
oL —

£61'8
vie —

PPM

3.04

.00

|

2.00

1.94

1sg'el

18229

el —
09E' VT )
6VE 92} W
1887921

988 —

Nh?mm—
Lppel

1ze sl ——
8v9'Gel -
2882y} -

40

60

80

28/60




oget —

89z
S8z N

£0e Y
ey —

6L, ———
neL—
0108 ————
08 —

NC,

Q

HEt

0 o

0" N/

3ma

Lﬁ

@
3

il
il

PPM

9€6°Cl

6E1°29

swcurf
mos.niv

256'821

900°CEL ——__
vE0pEL —
el —

(44443

2619l

PPM

W I'r
60

T

o

Slalob

ook bldacank dub

T
120

QJNA—#-—L-JLMWM
' ' 1‘60 ' ‘ ' 1‘40 ‘

29/60



S6v'9
£25'9 V
1559 ———
9859 —

€518 ———
S8 —

1eeg ———
s —

,Et

0 [ele)

S
o~

O,N

3na

3fo8

891°GY 1

4867061

SLLEL
.

21579
S
-5
E
E
F
3
3
Eladeas _—
89262} ————— _3
192 veL —— ]
shevEL— 3

8vb'e9l

60

30/60



BLEL —__
L6E') ——=—
sl —

0359

1859 —
099 —

1281 ——_
6YEL — =
0L —

BL6L ——
9g6'L ———
8608 ———
oevg —

HEt

-0 CO:

N/

cl
o

30a
Jf’ﬂ?

Joz

0/ag 98

266°E)

227’29

829 LLL——

958" Ll L ——
Lz
b0622)
0£0°62}
beLeet —\
I

651 e ——
VL VEL

205°9€ 4
mqmvwmvw

662°09%
DB.NSM
erieg————

MMJM@M

31/60



83
Vo) — e
weL —

€62C

€45°C

(% e
2y —
0sly ——
891t ==

cmmvw
098'9 T~

0189 ——

0099 —

988’9 —

PPM

3.03

300

5[99

Me
O co,Et

Me O”s

=
3pa

1.99

Me

0.98 098

1.99

0L0'%L

g ——m—
v8Lz2

9€1'29

8v9°62)
C0E' e ——v
68L€EL ——

PR 118
ooyl ————

188°€YL

269°€91

Lol sl b s

32/60

100

160




ST
£rEL ——>=
09e'L

o8
ey —_

zEew
oy —

)
gob's
9059 ————
sess —

8L ——
yeyr ——
YERL —
S66L —

2058

¥
i
;)
o]
O - E
O,wq L —
o
(Te
o B
Mr[r»n

ll

L26'El

SETZ9

"

ceLech

SEQ /
go.mmf
mm«.mmf
cmm,mﬁ W
L9621
822081

068°1EL X
LizZeL |\

¥9L°GEL \
TTS'GEL
P6T'9EL

L10v9L

i

)

L add

L

T
60

T
120

33/60



UL —
06€' ) ———
80¥'1 —

LYY —
0089 —
299 ———

€599 —
0912
VL Wﬂ
z8lL

VSLL
voL L f%
€18 L ————
L —

-0 co.

\=/

,Et

_S
0%

3ra

00

2.04

£1p—

oy

£8°091—

-10

30

80

90

T
150 140

T
160

0

T
200

T
210

34/60



_.n:‘m
ot
wee —

9Tt
A ——
sazy —

6259
855'9 Vl
eLS9 ———

2000 —

n-Bu

”’O co

A=/

Y

LEt

o"S

3sa

PPM

675 670 665 660 655 650 645

o

;

].ﬁ

.87

PPM

ook il

LEVGG——— ||“

€809

P

9zLvEL
168°gEL —

orpe9 — E—

il

T
PPM

35/60



2700

—— 2619

1322
1184

- 1035

T 0967

=87 CO;Et
O — 2!
3ta
5
01 2o
095
.88
.81
. — : : — S—— . — —
7 5 4 3 1 PPM
=2 e >
2 = 2 5
g & Z 2
i
| | | |
; L | )
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

36/60



e ———
59g'L =

9159
509'9 >~

8699 —
899'0 -

T m/l/.
&
g
i B
N
o]
Q.
<
ﬂw 3 g
0 e e
//O N —=
o

m.W.J %

PPM

Leg—

62001 —

170

T
190

T
200

37/60



7366
T— 736

205

oo o = o
LR 8 3
© © ©© el o~
Ts
K/COQMG
3ab
00 3fos

T
7 5 4 3 2 PPM
2 2 8 2
- : S 2
| YARYNS |
! | 1
]
| .
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

38/60



© w oD M~ @ o> o wn ~ @~
go 29 5888 o8 s 2%
® < b TITS N < Qo
R RN PP 5w 3 ag
Ts
K/Cogi-Pr
3ac
3p7
3j00
302
1.95 1.99
1.01 097
I“ [
A L
— — - — ; — — ; ; —
8 7 6 5 4 3 2
g B
1
| |
| L
| ) |
! ’ ,
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 140 30 20

39/60



915k

(4144

L6€°9

eweL ——

€6gL —

L08°L ——
8L —

9(00

:

3ad

Ts
Q. COt-Bu

r

Fr

L

PPM

#00°LC

056°4C

988°'€8

SSL8e ———
598°621

erseel ———
0Z9°eEL —

LzL'oeL

9.6'%YL

¥20'€9lL

o

TPRORT

40/60



o o [~ v @oms o~
k=3 -] n - © ~ D~ OO0 =
L] AN & ©QQQ N
NN N~ R R N cooco N
\ \5
Ts
NG
3ae
3.00
20
1.92
097
94
J L
T — — T — —— T T
8 7 6 5 4 3 PPM
|
"
! it |
|
| | | | . by |
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 -10

41/60



8G€'C

6Ye’S

)
0Ere —
g9 — —
189 —

mw-.h
SN.NV
6LEL —

v6eL

VL, ——
wLL—

_

Ts
Q. COzBn
3af

.99

5.16

PPM

20 89—

I N\

887691 —

-10

60

140

T
200

T
210

42 /60



PPM

T
1

o
8 L
T
N
9
© T r
Y 0@ wee—
<
ey
2 L
Syre ———— —
e
+ 98 6L —
<

O &n
o= & r
Lo
o4
1566 ———— N - |
65—
-
Lo Z
22 r
09r'9 Q I arer—
68y'9 — - L
[
= 48 "e91—
Ty — — —
sogL — b r
998 g [
. — =
9gL — Lo

10

20

30

40

50

60

70

190 18 170 160 150 140 130 120 110 100 90 80
43 /60

200




2660
S9E°0
BLE'D
LBED
ago
0Eg0
B0
€990

oL
BT L

N VP

e

(7341
a6v'a I/
059
%ge —

BYEL
EL —

LBE L
e —

6.56508585EG8E000 PPV

oLe—

T—

LU —

ST —

10

20

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

100

44 /60



§5t'C

6982

Er6'E
€56'€ W
£96°€

eor'y
Yiv'y W
S8’y

s8v'9
vig9 |/|
59 W
9559

99g L ———
BeL —

R
gogL —

296

(o]
I
3ai

Y C\O/\/OH

Ts

1PPM

¥69'LC

19909

89089

vLBZL ——
0LL08L ——
61808k —

6EEGEL ——
[o9gL—

865'GYL

S5Lv9L

PPM

45/60



[$:144

Nz.m
8z9'¢ W
vro'e

0657
209y W
(4R 4

098, ———
ogeL —

198, ——=—
wyL —

ko

2.00

Q
3aj

x C\O/\/Br
2.00

Ts

PPM

T
1

297691 —

-10

30 20

40

200 190 180 70 160 150 140 130 120 110 100 90 80 70 60

210

46 /60



S9c'
opel — >
oy —

v96'1
061 —

[4444

1zey
feEr N
56 ——~
SIEY =

192'9

PrEL ——
voeL —

€18 —
vegL —

Ts
3al

" N COsE

88 19—

00 9
47 / 60

110

120

180 170 160 150 140 130

190

200




€222
e %
ze —
srr'z

2|94

L68°E

o CO,Et
3am

Ts
3

Me

6¥¢9 ——— 2

L — 5
9L — N

gL —— 8
gL —— M

L6L°EL

699'le —
eree——

zle'le

Heog ——uo_
19806 —

¥59'2

689'GEL

6L6'¥YL
980°LbL

662991

il

[~

48 /60



vLET

96E'Y

(ad W
&Yy ——
sty =

06€'9

161L
nes /
sse'L 1|//(
997 L ———

zieL

voEL =
%L —
e -

Ts
o COZE

3an

PPM

8E0VL

ev9le

tol'z9

S¥egel
099821

Z6v°'62Z1
155621 %
155621
0l oEL —
9oeZEL —

225°SEL

LYY ———

9619 —

090591

"

"
Lk

ikl
0

"

49 /60



;mm [ o~ L R P~ T oo
RE 8% Yy 8838 k 238
h - S e i o 222
Ts
I oot
Br 2
3ao
.00 a1
(a3 193 89
j’aa
. — — . — — ; ; . — .
T 6 4 3 2 PPM
DY ENAN 1 T
! |
-l
2(‘10 l!;l) LE‘&O 17‘0 léﬂ 15‘0 L"IO 11'30 12‘0 11‘0 160 9'0 E‘O 7‘0 6‘0 56 -1‘0 3‘0 2‘0 lb *10

50/60



Syl
YL v
bl

3.08

S¥Z

312

Ts
F.oNCOE
3
3ap

[
(Al W
9wty —

vy \\

SHL ———
pIEL ——
688 L —

BI6L ——
GEBL —

o

1

— - —
8 _
= a—

|

3 — —

0

8

S ——

8I8'EL

S69'Le

86829

180°6L1

71682 —————
66862t —

mwm.mmv
EvvaV
v09EL —

S80°9vL

6927291

o

51/60



69E'Z

Uy ———
vy —

owa
orv'9 W
a9
ars —
008'9
el
20T L —

9UTL ——

gL —

 —
ss—

318

2,00

K/CONHBn
3ar

Ts

7.36

PPM

ZLe—

e —

66 79T —

-10

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

52/60



53 /60

8 gozspageczgrunne ]
L] BHBEHITIOMIN-OSSHDD =
s RN ORI N
Ts O
n
-C-NHPh
3as
3.00
198 204 211
oS s SN
208 405002
—— et ) —
10 9 8 7 6 3 PPM
1
TH
e -
| eaarddbial | ]
v . : v T : : : v T : . : : : T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 10 0



e’
Z'T

156'9
0669
00b'L
8ELL

LEL
L6E'L

€844
£08°L

Ts

Me

3at

J

Tﬁ 7‘5 ooples

1

-
PPM

¥€8°9C

6c06c —

bl

6E€8ZL ——
LOE0E) ——
6GLLEL —
1§G°GE} ———
906°LEV —
SLE YL

899°961

L L

Lo

PPM

T
200

54 /60



82v'e

eezs
092
1971
1871
£zes
veeL—
%5, ———
6952
ov92
089
091
08L2

w

A

0€5'8
Wws's

i

.

.
o

200

PPM

99— —3

£68'¥C1 / 3

£5€°62) ———= —3
8Y6 .2 —— 7
£86'62L ———— —
n0zeeL— —
2L0LeL —

T — E
86660 — 3
085 Yl ———— E
282051 ——

erLig—

PPM

55/60



ez —~
6L¥C
6org — >
6152
119z

668'C
21°x4

W

rrL'e
ceee

96€'9
¥or'9
L9
(244
err9
try — e

.
8LY'9
1059 -

EE
Yoo

.
=7

Y
=7

C-0
4aa

]i‘i:g

[43:34%4

915'0€
¥90'2¢

82808

§L0'S2

sozovl

LEL'SYL
9425t

60L'¥91

=

PPM

T
20

56 /60



9z —
I ——
19§, ——
i
6L —
0661 ————
woe —
0912 “
€zze

8rre

vIoY —
T ——
BeLy —

088'S

—
ZLL
N
00'e
T
00
80 ~
—
80¢
D
O
N
3
~ <t &%
O —
O
°
(]
2
80
€0k

3%

96+

e

0580 ———
e6Lle—

WS —no__
svele—
Z19°0€

YSL0p

82E0L

€16'801

125121
90v'8ZL |//{
L —
06€'LEL

9618 —
yeg5EL ———
foroEL —

Y0e'ShL
0,5°6¥L

SLL'voL

i

PPM

T

T T T T
40

T T T T T
80

T
120

57 /60



045}
8.9'L
651
6L

LLe

Sv¥'e

8:
ey
gegy —

906 ———
gzLs —
zer's

core
8¥g —

8rr9

1re —N_
6679 ————
259 —

8L ————
8eeL —

T —
68l —

Me
Me

Me
=

0.94

0.97
e

=

1209 —
895'9L ———
oL —
YSTEL—
v80'9

NNN,@NW
259

189°6¢
zsee—

£26'29

060 #91

o

58/60



Lz

300

o}
Ph
i
o}
4ac

0sg'ie

916'8L

orEBZL
928zl
298zt
69821
207621
P BZL
59621
£O9'6Z1 =
Z50EL —

152261 “
REEN
097 VEl

0ZV'9EL
191°s¥l

€LTESL

168261

|

59/60



[4:16 4

89z'y
982t W
pOs'Y

Lzey =

gl

D-3aa

s CO,Et
=

T

fes

u

rr

cle'el

v69°1T

'e9

962°82}
8G6°6C) —

€8E°GEl ——o
0Ly 9el —

G0T'svL

6E0'Y9L

60/60




