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1. General experimental information

Unless otherwise noted, all reactions were carried out under nitrogen atmosphere. All
commercially available reagents were used without further purification. All of the solvents were treated
according to known methods. Column chromatography was performed on silica gel (200-400 mesh).
'H NMR (400 MHz) chemical shifts were reported in ppm (J) relative to tetramethylsilane (TMS) with
the solvent resonance employed as the internal standard. 3*C NMR (100 MHz) chemical shifts were
reported in ppm () from tetramethylsilane (TMS) with the solvent resonance as the internal standard.
Data were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublets, td = triplet of doublets, qd = quartet of doublets, m = multiplet),

coupling constants (Hz) and integration. HRMS measurements were obtained on a TOF analyzer.
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2. General procedure for the synthesis of 1,3-enynes!

Pd(PPhy); (0.5 mol%)
— JJ\ Cul (2 mol%) /L )
= R Br” “R?  EtNH, THF = R

rt 12h R
S1 S2 1

Copper (I) iodide (2 mol%) and tetrakis(triphenylphosphine)palladium (0.5 mol%) were dissolved
in diethylamine (0.50 mL/1.0 mmol alkyne) under nitrogen which was then cooled to 0 °C.
Phenylacetylene S1 (1.0 equiv) and vinyl bromide S2 (1.3 equiv, 1.0 M in THF) were added and the
resulting mixture was stirred and warmed up to room temperature until complete conversion. The
reaction mixture was washed with water followed by extraction with petroleum ether. The combined
organic layers were washed with 1 M HCI and dried over magnesium sulfate. The crude product was
afforded after evaporation of the solvent in vacuo and ready to be purified by column chromatography

(petroleum ether) to afford 1,3-enynes 1.
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3. General procedures for the synthesis of sulfonyl iodide?

I (1.0 equiv)
R3SO,N HOOIM) - paso,
2Na EtOH (2-3 mL) 2
S3 r.t. 10 - 20 min 2

To a round-bottom flask (50 mL) was added sodium sulfite S3 (0.56 mmol, 1.0 equiv) in distilled
water at room temperature. A saturated solution of iodine (0.56 mmol, 1.0 equiv) in ethanol (2-3 mL)
was prepared and added gradually to the sodium sulfite solution. During this addition period, yellow
precipitates were formed gradually. The precipitates were filtered, washed with cold water, and dried
carefully at room temperature to give sulfonyl iodide as a yellow solid. The synthesized sulfonyl iodide

immediately used for next step because of spontaneous decomposition of sulfonyl iodides 2.
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4. General procedure for the synthesis of sulfone- and carbonyl-containing allene

derivatives (4a - 4u, 5a - Sm, 6a - 6i)

Pd(OAc), (10 mol%) R30,S

R2 PPh; (20 mol%) 7\
Cul (20 mol%) 0
% + RS0, + RNH; + [CO] R? \)k
R Z K,COj3 (1.0 equiv.) NHR
1 2 3 THF (2.0 mL), r.t., 24 h 46 R

1,3-enyne 1 (0.2 mmol, 1.0 equiv), sulfonyl iodide 2 (0.26 mmol, 1.3 equiv), Pd(OAc), (2.3 mg, 5
mol%), PPh; (5.4 mg, 10 mol%) were added to an oven-dried tube (15.0 mL) which was then placed
under vacuum and refilled with nitrogen three times. THF (2.0 mL) was added into the tube via syringe
and the tube was sealed and stirred at room temperature for 1 h. Then, Pd(OAc), (2.3 mg, 5 mol%),
PPh; (5.4 mg, 10 mol%), sulfonyl iodide 2 (0.2 mmol, 1.0 equiv), Cul (7.6 mg, 20 mol%), amine 3 and
K,CO; (27.6 mg, 0.2 mmol, 1.0 equiv) were added into the tube which was then placed under vacuum
and refilled with nitrogen three times. Then a mixture of formic acid (1.4 mmol) and acetic anhydride
(1.4 mmol), which was stirred for 1.5 h at room temperature, was added to the small inner tube with 10
drops of Et;N. The tube was sealed and stirred at room temperature for 23 h. Upon the reaction was
completed, the resulting mixture was purified by silica gel column using chromatography (petroleum
ether / ethyl acetate = 3:1) to obtain products (4a-4u, Sa-5m, 6a-6i).

1 mmol scale: 1,3-enyne 1a (1.0 mmol, 1.0 equiv), sulfonyl iodide 2a (1.3 mmol, 1.3 equiv),
Pd(OAc), (11.5 mg, 5 mol%), PPh; (27.0 mg, 10 mol%) were added to an oven-dried tube (100.0 mL)
which was then placed under vacuum and refilled with nitrogen three times. THF (10.0 mL) was added
into the tube via syringe and the tube was sealed and stirred at room temperature for 1 h. Then,
Pd(OAc), (11.5 mg, 5 mol%), PPh; (27.0 mg, 10 mol%), sulfonyl iodide 2a (1 mmol, 1.0 equiv), Cul
(38 mg, 20 mol%), amine 3i and K,CO3 (138 mg, 1.0 mmol, 1.0 equiv) were added into the tube which
was then placed under vacuum and refilled with nitrogen three times. Then a mixture of formic acid
(1.0 mmol) and acetic anhydride (1.0 mmol), which was stirred for 1.5 h at room temperature, was
added to the small inner tube with 10 drops of Et;N. The tube was sealed and stirred at room
temperature for 23 h. Upon the reaction was completed, the resulting mixture was purified by silica gel
column using chromatography (petroleum ether / ethyl acetate = 3:1) to obtain product 4i in 72% yield

(320.5 mg).
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5. Transformations of product into compounds (7, 8)

1)

Ts o)
k ? °
Me 'ﬁ)k NBS, MeCN, 80 °C /@/\N Ph
N/\©\ /
H

Ph Ts
4i 7
In an oven-dried tube was charged with allene 4i (0.1 mmol), NBS (0.13 mmol) and MeCN (1
mL). The resulting suspension was stirred at 80 °C (oil bath) for 24 h. Upon completion of the reaction
as monitored by TLC, the solvent was concentrated under vacuum. The crude residue was purified by

silica gel column using chromatography (petroleum ether / ethyl acetate = 5:1) to obtain product 7 as a

yellow oil in 78% yield (40.9 mg).

2)

Ts 0
k ? o
Me % NIS, MeCN, 80 °C /@AN Ph
N/\@\ /
H

Ph 7 |
4i 8
In an oven-dried tube was charged with allene 4i (0.1 mmol), NIS (0.13 mmol) and MeCN (1 mL).
The resulting suspension was stirred at 80 °C (oil bath) for 24 h. Upon completion of the reaction as
monitored by TLC, the solvent was concentrated under vacuum. The crude residue was purified by
silica gel column using chromatography (petroleum ether / ethyl acetate = 5:1) to obtain product 8 as a

yellow oil in 63% yield (36.0 mg).
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6. Preliminary mechanistic studies

Radical clock experiment

standard conditions
+ Tsl +/©/\NH2 + [CO]
Ts X

9 2a 3i

10

Compound 9 (0.2 mmol, 1.0 equiv), sulfonyl iodide 2a (0.26 mmol, 1.3 equiv), Pd(OAc), (2.3 mg,
5 mol%), PPh; (5.4 mg, 10 mol%) were added to an oven-dried tube (15.0 mL) which was then placed
under vacuum and refilled with nitrogen three times. THF (2.0 mL) was added into the tube via syringe
and the tube was sealed and stirred at room temperature for 1 h. Then, Pd(OAc), (2.3 mg, 5 mol%),
PPh; (5.4 mg, 10 mol%), sulfonyl iodide 2a (0.2 mmol, 1.0 equiv), Cul (7.6 mg, 20 mol%), amine 3i
and K,COj; (27.6 mg, 0.2 mmol, 1.0 equiv) were added into the tube which was then placed under
vacuum and refilled with nitrogen three times. Then a mixture of formic acid (1.4 mmol) and acetic
anhydride (1.4 mmol), which was stirred for 1.5 h at room temperature, was added to the small inner
tube with 10 drops of Et;N. The tube was sealed and stirred at room temperature for 23 h. Upon the
reaction was completed, the resulting mixture was purified by silica gel column using chromatography

(petroleum ether / ethyl acetate = 5:1) to obtain product 10 (72.5 mg, 85% yield).

Control experiments

Me
ol standard conditions Mej\ |
+ S b
= e

1a 2a 11 Ph

Ts

Ts
j\ standard conditions j\ o
Me™ X + NHz . [col Me™
e y' H/\@\
Ph Pz_
1

1,3-enyne 1a (0.2 mmol, 1.0 equiv), sulfonyl iodide 2a (0.26 mmol, 1.3 equiv), Pd(OAc), (2.3 mg,

1" 3i

5 mol%), PPh; (5.4 mg, 10 mol%) were added to an oven-dried tube (15.0 mL) which was then placed
under vacuum and refilled with nitrogen three times. THF (2.0 mL) was added into the tube via syringe
and the tube was sealed and stirred at room temperature for 1 h. Upon the reaction was completed, the
resulting mixture was purified by silica gel column using chromatography (petroleum ether / ethyl

acetate = 5:1) to obtain product 11 (81.7 mg, 93% yield).
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Compound 11 (0.18 mmol, 1.0 equiv), Pd(OAc), (2.1 mg, 5 mol%), PPh; (4.9 mg, 10 mol%),
sulfonyl iodide 2a (0.18 mmol, 1.0 equiv), Cul (6.8 mg, 20 mol%), amine 3i and K,CO; (25.0 mg, 0.2
mmol, 1.0 equiv) were added into the tube which was then placed under vacuum and refilled with
nitrogen three times. Then a mixture of formic acid (1.4 mmol) and acetic anhydride (1.4 mmol), which
was stirred for 1.5 h at room temperature, was added to the small inner tube with 10 drops of Et;N. The
tube was sealed and stirred at room temperature for 23 h. Upon the reaction was completed, the
resulting mixture was purified by silica gel column using chromatography (petroleum ether / ethyl

acetate = 3:1) to obtain product 4i (66.5 mg, 83% yield).
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7. Characterization data of products (4a - 4u, S5a - Sm, 6a - 6i, 7, 8, 10)

Ts

1 o9

Me °ﬁ)kN/\/
Ph H

4-methyl-2-phenyl-V-propyl-5-tosylpenta-2,3-dienamide (4a). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 46.0 mg, 60% yield; 'H NMR
(400 MHz, CDCl;) 0 7.79 (d, J= 8.3 Hz, 2H), 7.66 (t, J= 4.7 Hz, 1H), 7.41 (t, J = 1.8 Hz, 2H), 7.35 (d,
J=28.1 Hz, 2H), 7.33 — 7.29 (m, 2H), 7.27 — 7.25 (m, 1H), 3.80 (dd, J =95.3, 13.5 Hz, 2H), 3.46 — 3.31
(m, 2H), 2.45 (s, 3H), 1.91 (s, 3H), 1.73 — 1.62 (m, 2H), 0.99 (t, J= 7.4 Hz, 3H); 3C NMR (100 MHz,
CDCly) 0 208.2, 165.3, 145.6, 136.0, 132.7, 130.3, 128.7, 128.4, 128.2, 128.0, 106.9, 94.4, 60.9, 41.9,
22.8,21.8, 19.8, 11.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for Cp;H,sNNaOsS* : 406.1447; found:
406.1457.
Ts

1 9
Me °§)kN/\/\

H

Ph
N-butyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4b). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 51.6 mg, 65% yield; 'H NMR
(400 MHz, CDCl;) 6 7.83 (d, J= 8.3 Hz, 2H), 7.64 (t, J=5.7 Hz, 1H), 7.45 - 7.43 (m, 2H), 7.38 (d, J =
8.1 Hz, 2H), 7.34 (t, J="7.3 Hz, 2H), 7.31 — 7.28 (m, 1H), 3.83 (dd, J=91.3, 13.5 Hz, 2H), 3.54 - 3.37
(m, 2H), 2.49 (s, 3H), 1.94 (s, 3H), 1.71 — 1.64 (m, 2H), 1.52 — 1.42 (m, 2H), 1.00 (t, J = 7.3 Hz, 3H);
13C NMR (100 MHz, CDCl;) 6 208.2, 165.3, 145.6, 136.0, 132.6, 130.3, 128.7, 128.4, 128.2, 127.9,
106.8, 94.4, 60.9, 39.9, 31.5, 21.8, 20.3, 19.8, 13.9; HRMS (ESI-TOF) m/z: [M+Na]" Calcd. for
Cy3Hp7NNaO;S* : 420.1604; found: 420.1613.
Ts
D
Me * NN
N
H

Ph
N-heptyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4¢). The product was purified by column

chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 56.2 mg, 64% yield; 'H NMR
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(400 MHz, CDCl3) 6 7.79 (d, J = 8.2 Hz, 2H), 7.64 (t,J = 5.1 Hz, 1H), 7.40 — 7.29 (m, 6H), 7.27 — 7.25
(m, 1H), 3.79 (dd, J = 92.2, 13.5 Hz, 2H), 3.40 (dp, J = 19.1, 6.0 Hz, 2H), 2.45 (s, 3H), 1.90 (s, 3H),
1.68 — 1.61 (m, 2H), 1.42 — 1.25 (m, 8H), 0.86 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl;) ¢
208.2,165.2, 145.5, 136.2, 132.7, 130.2, 128.7, 128.4, 128.2, 127.9, 106.9, 94.4, 60.9, 40.3, 31.9, 29.5,
29.1, 27.1, 22.7, 21.8, 19.7, 14.2; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CysH33NNaO;S* :
462.2073; found: 462.2077.
Ts
1 o
Me .
N
H

Ph

N-decyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4d). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 64.5 mg, 67% yield; '"H NMR
(400 MHz, CDCl5) 0 7.79 (d, J = 8.3 Hz, 2H), 7.64 (t, /= 5.3 Hz, 1H), 7.41 — 7.25 (m, 7H), 3.79 (dd, J
=93.2, 13.5 Hz, 2H), 3.48 — 3.33 (m, 2H), 2.45 (s, 3H), 1.90 (s, 3H), 1.68 (d, J = 7.0 Hz, 2H), 1.41 -
1.25 (m, 14H), 0.86 (t, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl;) J 208.2, 165.2, 145.5, 136.2,
132.7, 130.3, 128.7, 128.4, 128.2, 128.0, 106.9, 94.4, 60.9, 40.3, 32.0, 29.74, 29.69, 29.5, 29.4, 27.2,
22.8, 21.8, 19.8, 14.2; HRMS (ESI-TOF) m/z: [M+H]" Calcd. for C,0H4NO;S* : 482.2723; found:

482.2741.
Ts
1 g
Me . J\
M
Ph

N-isopropyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4e). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 39.9 mg, 52% yield;
'"H NMR (400 MHz, CDCl;) 6 7.81 (d, J = 8.3 Hz, 2H), 7.56 (d, J = 7.6 Hz, 1H), 7.41 — 7.35 (m, 4H),
7.33 - 7.29 (m, 2H), 7.27 — 7.25 (m, 1H), 4.27 — 4.18 (m, 1H), 3.79 (dd, J = 103.7, 13.5 Hz, 2H), 2.46
(s, 3H), 1.86 (s, 3H), 1.29 (d, J = 6.6 Hz, 6H); *C NMR (100 MHz, CDCl;) ¢ 208.2, 164.4, 145.6,

136.2, 132.8, 130.3, 128.7, 128.4, 128.3, 127.9, 107.0, 94.3, 60.9, 42.2, 22.8, 22.7, 21.8, 19.8; HRMS

(ESI-TOF) m/z: [M+Na]* Calcd. for C;,HsNNaOsS* : 406.1447; found: 406.1457.
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Ph

N-isobutyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4f). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 50.9 mg, 64% yield; '"H NMR
(400 MHz, CDCl3) 6 7.78 (d, J = 8.3 Hz, 2H), 7.68 (t, J = 5.5 Hz, 1H), 7.41 — 7.39 (m, 2H), 7.35 - 7.29
(m, 4H), 7.27 — 7.25 (m, 1H), 3.80 (dd, J = 93.1, 13.5 Hz, 2H), 3.32 — 3.18 (m, 2H), 2.44 (s, 3H), 1.99
—1.92 (m, 4H), 0.99 (d, J = 6.7 Hz, 6H); '3C NMR (100 MHz, CDCls) § 208.1, 165.4, 145.5, 136.1,
132.7, 130.3, 128.7, 128.4, 128.2, 127.9, 106.9, 94.4, 60.8, 47.6, 28.6, 21.8, 20.4, 20.3, 19.8; HRMS
(ESI-TOF) m/z: [M+Na]* Calcd. for C;3H»;NNaOsS* : 420.1604; found: 420.1611.

Ts
D
Me ﬁ)k
N
ph M

N-cyclohexyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4g). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 44.9 mg, 53% yield;
'"H NMR (400 MHz, CDCl3) ¢ 7.81 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 8.0 Hz, 1H), 7.41 — 7.34 (m, 4H),
7.33 —7.28 (m, 2H), 7.27 — 7.25 (m, 1H), 3.93 — 3.87 (m, 2H), 3.65 (d, J = 13.5 Hz, 1H), 2.45(s, 3H),
2.05 —2.02 (m, 2H), 1.86 (s, 3H), 1.78 — 1.75 (m, 2H), 1.67 — 1.61 (m, 2H), 1.41 — 1.33 (m, 4H); 3C
NMR (100 MHz, CDCl;) ¢ 208.0, 164.4, 145.5, 136.1, 132.8, 131.7, 130.2, 128.7, 128.4, 128.32,
128.27, 127.9, 107.0, 94.3, 60.9, 49.3, 33.2, 33.0, 25.6, 25.3, 21.8, 19.8; HRMS (ESI-TOF) m/z:
[M+Na]* Caled. for C,5sHoNNaO3S* : 446.1760; found: 446.1769.
Ts

kyk

Ph
N-cyclooctyl-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4h). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 4:1); Pale yellow oil, 51.4 mg, 57% yield;
'H NMR (400 MHz, CDCl;) ¢ 7.81 (d, J = 8.2 Hz, 2H), 7.57 — 7.55 (m, 1H), 7.40 — 7.27 (m, 7H), 4.18
—4.09 (m, 1H), 3.79 (dd, J=103.3, 13.5 Hz, 2H), 2.45 (s, 3H), 1.96 — 1.88 (m, 2H), 1.88 (s, 3H), 1.78

~ 1.71 (m, 4H), 1.62 — 1.50 (m, 8H); '*C NMR (100 MHz, CDCl;) § 208.0, 164.1, 145.5, 136.2, 132.9,
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130.3, 128.7, 128.4, 128.3, 127.9, 107.0, 94.3, 60.9, 50.4, 32.4, 32.2, 27.4, 27.3, 25.8, 24.2, 24.0, 21.8,
19.8; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,;H3;NNaO;S* : 474.2073; found: 474.2073.
Ts

k% .

Ph
4-methyl-/V-(4-methylbenzyl)-2-phenyl-5-tosylpenta-2,3-dienamide (4i). The product was purified
by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 71.2 mg, 80% yield;
'"H NMR (400 MHz, CDCl;) 6 8.03 (t, J = 5.9 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 1.5 Hz,
2H), 7.33 — 7.23 (m, 5H), 7.24 (d, J = 8.1 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 4.58 (ddd, J = 51.5, 14.6,
6.1 Hz, 2H), 3.79 (dd, J = 89.9, 13.6 Hz, 2H), 2.43 (s, 3H), 2.35 (s, 3H), 1.77 (s, 3H); '3C NMR (100
MHz, CDCl;) 6 208.4, 165.2, 145.4, 136.8, 135.94, 135.86, 132.5, 130.2, 129.3, 128.7, 128.4, 128.24,
128.19, 128.0, 106.8, 94.8, 60.9, 43.6, 21.8, 21.2, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for
Cy7H,7NNaO;S* : 468.1604; found: 468.1613.
Ts

1 g
Me *
N

Ph
4-methyl-/V-phenethyl-2-phenyl-5-tosylpenta-2,3-dienamide (4j). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 62.3 mg, 70% yield;
"H NMR (400 MHz, CDCl;) 6 7.74 (d, J = 8.3 Hz, 2H), 7.65 (s, 1H), 7.36 — 7.27 (m, 11H), 7.26 — 7.20
(m, 1H), 3.87 (d, J = 13.5 Hz, 1H), 3.72 — 3.65 (m, 3H), 2.98 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 1.91 (s,
3H); 1*C NMR (100 MHz, CDCl;) ¢ 208.2, 165.2, 145.5, 139.3, 135.9, 132.5, 130.2, 129.0, 128.7,
128.5, 128.4, 128.1, 128.0, 126.3, 106.7, 94.6, 60.8, 41.3, 35.7, 21.8, 19.7; HRMS (ESI-TOF) m/z:
[M+Na]* Caled. for C,;H,7NNaO3S* : 468.1604; found: 468.1612.

Ts
1 g
Me .
H/\H/

Ph
4-methyl-/V-(2-methylallyl)-2-phenyl-5-tosylpenta-2,3-dienamide (4k). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 47.4 mg, 60% yield;

'H NMR (400 MHz, CDCls) & 7.78 — 7.76 (m, 3H), 7.41 — 7.39 (m, 2H), 7.34 — 7.25 (m, SH), 4.97 (s,
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1H), 4.89 (s, 1H), 3.98 (d, J = 6.0 Hz, 2H), 3.81 (dd, J = 90.4, 13.6 Hz, 2H), 2.44 (s, 3H), 1.89 (s, 3H),
1.82 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 208.2, 165.3, 145.5, 142.1, 135.9, 132.5, 130.2, 128.7,
128.4, 128.2, 128.0, 110.9, 106.7, 94.7, 60.7, 45.5, 21.8, 20.6, 19.7; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd. for Cp3H,5sNNaO;S* : 418.1447; found: 418.1456.

Ts
1 o
Me ﬁ)k
N
ph M

N-(2-(cyclohex-1-en-1-yl)ethyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (41). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 63.8
mg, 71% yield; '"H NMR (400 MHz, CDCl3) 6 7.77 (d, J = 8.2 Hz, 2H), 7.46 (t, J=5.1 Hz, 1H), 7.37 -
7.25 (m, 7H), 5.51 (s, 1H), 3.79 (dd, J = 77.3, 13.6 Hz, 2H), 3.49 (dt, J = 15.2, 7.2 Hz, 2H), 2.43 (s,
3H), 2.26 (t, J = 7.0 Hz, 2H), 2.00 — 1.97 (m, 4H), 1.93 (s, 3H), 1.63 — 1.54 (m, 4H); '3C NMR (100
MHz, CDCl;) § 208.1, 165.1, 145.4, 136.0, 134.9, 132.6, 130.2, 128.7, 128.4, 128.1, 127.9, 123.2,
106.8, 94.5, 60.8, 38.3, 37.8, 28.1, 25.4, 23.0, 22.5, 21.8, 19.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd.
for C,;H3;NNaO;S* : 472.1917; found: 472.1923.
Ts

Mek'ﬁ*uﬁ i

Ph F
N-(2,2-difluoroethyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4m). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 51.9 mg,
64% yield; '"H NMR (400 MHz, CDCl;) 6 8.05 (t, J= 5.7 Hz, 1H), 7.81 (d, J= 8.3 Hz, 2H), 7.41 — 7.35
(m, 4H), 7.33 — 7.27 (m, 3H), 6.01 (tt, J = 56.2, 4.3 Hz, 1H), 3.92 (d, J = 13.4 Hz, 1H), 3.83 — 3.74 (m,
2H), 3.71 (d, J= 13.5 Hz, 1H), 2.46 (s, 3H), 1.90 (s, 3H); *C NMR (100 MHz, CDCl;) J 208.9, 166.2,
145.8, 135.9, 132.1, 130.4, 128.7, 128.5, 128.2, 113.9 (t, J = 241.6 Hz, 1C), 106.1, 95.3, 60.9, 42.5 (t, J
=27.4 Hz, 1C), 21.8, 19.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C;;H,;F,NNaO;S* : 428.1102;

found: 428.1112.
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N-(furan-2-ylmethyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4n). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 69.1 mg,
82% yield; '"H NMR (400 MHz, CDCl;) 6 7.99 (t, J = 5.2 Hz, 1H), 7.72 (s, 2H), 7.38 (s, 3H), 7.33 —
7.28 (m, 5SH), 6.34 (s, 2H), 4.68 — 4.54 (m, 2H), 3.80 (dd, J=91.7, 13.6 Hz, 2H), 2.44 (s, 3H), 1.78 (s,
3H); 13*C NMR (100 MHz, CDCl;) ¢ 208.5, 165.3, 151.8, 145.5, 142.1, 135.7, 132.4, 130.2, 128.7,
128.4, 128.3, 128.1, 128.0, 110.5, 107.6, 106.5, 94.9, 60.8, 36.9, 21.8, 19.5; HRMS (ESI-TOF) m/z:
[M+Na]* Caled. for C,4H,3NNaO4S* : 444.1240; found: 444.1250.

Ts
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4-methyl-2-phenyl-/V-(p-tolyl)-5-tosylpenta-2,3-dienamide (40). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 62.1 mg, 72% yield;
'H NMR (400 MHz, CDCl3) 6 9.55 (s, 1H), 7.86 (d, J = 8.3 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.50 —
7.47 (m, 2H), 7.38 (dd, J=7.7, 4.9 Hz, 4H), 7.35 — 7.32 (m, 1H), 7.18 (d, J = 8.3 Hz, 2H), 3.89 (dd, J
=117.5, 13.5 Hz, 2H), 2.48 (s, 3H), 2.36 (s, 3H), 1.95 (s, 3H); 1*C NMR (100 MHz, CDCl;) § 208.3,
163.2, 145.8, 136.5, 135.9, 133.6, 132.6, 130.4, 129.5, 128.9, 128.5, 128.3, 128.2, 119.9, 107.6, 95.2,
60.8, 21.8, 21.0, 20.0; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,sH,sNNaO;S* : 454.1447; found:
454.1457.

Ts
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4-methyl-/V-(4-(methylthio)phenyl)-2-phenyl-5-tosylpenta-2,3-dienamide (4p). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 69.5 mg,
75% yield; 'TH NMR (400 MHz, CDCl;) 6 9.61 (s, 1H), 7.83 (dd, J = 8.6, 2.5 Hz, 4H), 7.46 — 7.43 (m,
2H), 7.37 — 7.27 (m, 7H), 7.25 (s, 1H), 2.47 (s, 3H), 2.45 (s, 3H), 1.94 (s, 3H); '3C NMR (100 MHz,

CDCly) ¢ 208.5, 163.3, 145.8, 136.8, 135.8, 133.0, 132.4, 130.4, 128.9, 128.5, 128.3, 128.2, 120.5,
S13



107.5, 95.3, 60.8, 21.8, 20.0, 17.0; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CyH,sNNaOsS,* :
486.1168; found: 486.1177.
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N-(4-chlorophenyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4q). The product was purified
by column chromatography (petroleum ether / ethyl acetate = 3:1); Yellow oil, 63.2 mg, 70% yield; 'H
NMR (400 MHz, CDCl5) 6 9.68 (s, 1H), 7.85 — 7.81 (m, 4H), 7.46 — 7.43 (m, 2H), 7.38 — 7.36 (m, 3H),
7.34 —7.28 (m, 4H), 3.85 (dd, J = 114.6, 13.4 Hz, 2H), 2.46 (s, 3H), 1.97 (s, 3H); 1*C NMR (100 MHz,
CDCl;) 6 208.6, 163.4, 145.9, 137.7, 135.8, 132.3, 130.5, 129.0, 128.93, 128.89, 128.6, 128.3, 128.2,
121.2, 107.4, 95.4, 60.8, 21.8, 20.0, HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CsH,,CINNaO;S* :

474.0901; found: 474.0909.
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N-(3-methoxyphenyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4r). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 73.4 mg,
82% yield; '"H NMR (400 MHz, CDCl;) 6 9.67 (s, 1H), 7.88 (d, J = 8.2 Hz, 2H), 7.73 (t, J = 2.3 Hz,
1H), 7.50 (d, J=7.2 Hz, 2H), 7.46 — 7.28 (m, 7H), 6.73 (dd, J = 8.2, 2.2 Hz, 1H), 4.04 (d, /= 13.4 Hz,
1H), 3.85 (s, 3H), 3.76 (d, J= 13.5 Hz, 1H), 2.49 (s, 3H), 1.99 (s, 3H); *C NMR (100 MHz, CDCl;) ¢
208.3, 163.4, 160.1, 145.8, 140.2, 135.7, 132.4, 130.3, 129.6, 128.9, 128.5, 128.2, 112.2, 110.4, 107.5,
105.1, 95.3, 60.6, 55.3, 21.8, 19.9; HRMS (ESI-TOF) m/z: [M+Na]" Calcd. for C,sH,sNNaO,S* :
470.1397; found: 470.1407.
Ts
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N-(3-bromophenyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4s). The product was purified
by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 64.4 mg, 65% yield,

'H NMR (400 MHz, CDCl3) 6 9.69 (s, 1H), 8.22 (s, 1H), 7.83 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.0 Hz,
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1H), 7.44 (d, J = 7.3 Hz, 2H), 7.38 — 7.30 (m,5H), 7.24 — 7.16 (m, 2H), 3.85 (dd, /= 110.3, 13.4 Hz,
2H), 2.45 (s, 3H), 1.97 (s, 3H); 3*C NMR (100 MHz, CDCl;) 6 208.5, 163.6, 145.9, 140.3, 135.7, 132.2,
1304, 130.2, 128.9, 128.6, 128.3, 128.2, 127.0, 122.8, 122.7, 118.5, 107.3, 95.6, 60.7, 21.8, 20.0;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,sH,,BrNNaO3;S* : 518.0396; found: 518.0405.

Ts

4-methyl-2-phenyl-/V-(o-tolyl)-5-tosylpenta-2,3-dienamide (4t). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 55.2 mg, 64% yield; '"H NMR
(400 MHz, CDCl;) o 8.87 (s, 1H), 7.75 (d, J = 8.3 Hz, 3H), 7.45 (d, J = 7.2 Hz, 2H), 7.36 — 7.31 (m,
3H), 7.29 — 7.28 (m, 2H), 7.23 (d, /= 7.2 Hz, 2H), 7.12 (t, /= 7.6 Hz, 1H), 3.88 (dd, /= 87.9, 13.6 Hz,
2H), 2.39 (s, 3H), 2.37 (s, 3H), 2.02 (s, 3H); '*C NMR (100 MHz, CDCl;) 6 208.1, 163.7, 145.5, 135.8,
135.6, 132.3, 131.6, 130.7, 130.2, 128.8, 128.5, 128.2, 128.1, 126.5, 125.8, 124.8, 107.1, 95.5, 60.5,
21.8, 19.8, 18.2; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CysH,sNNaO;S* : 454.1447; found:
454.1457.
Ts
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N-(2-chlorophenyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (4u). The product was purified
by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 64.1 mg, 71% yield;
'"H NMR (400 MHz, CDCl;) ¢ 8.54 (s, 1H), 8.27 (d, J=8.2 Hz, 1H), 7.72 (d, J = 8.1 Hz, 2H), 7.40 (d,
J=8.0 Hz, 1H), 7.34 — 7.27 (m, 6H), 7.14 — 7.07 (m, 3H), 4.00 — 3.91 (m, 2H), 2.29 (s, 3H), 2.14 (s,
3H); 1*C NMR (100 MHz, CDCl;) ¢ 208.1, 163.0, 145.2, 135.2, 134.6, 131.7, 130.0, 129.3, 128.9,
128.5, 128.3, 128.1, 127.8, 125.3, 124.0, 122.5, 106.8, 97.3, 60.4, 21.7, 19.3; HRMS (ESI-TOF) m/z:

[M+Na]* Caled. for C,5sH,,CINNaOsS* : 474.0901; found: 474.0909.

S15



Ts
D
Me .
N
H/\©\

4-methyl-/V-(4-methylbenzyl)-2-(p-tolyl)-5-tosylpenta-2,3-dienamide (5a). The product was purified
by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 69.8 mg, 76% yield;
"H NMR (400 MHz, CDCl;) 6 8.00 (t, J= 5.9 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.31 (dd, J=11.1, 8.1
Hz, 4H), 7.24 (d, J = 8.1 Hz, 2H), 7.14 (dd, J = 12.6, 7.9 Hz, 4H), 4.58 (ddd, J = 54.3, 14.7, 6.1 Hz,
2H), 3.78 (dd, J = 87.6, 13.6 Hz, 2H), 2.43 (s, 3H), 2.34 (d, J = 4.2 Hz, 6H), 1.75 (s, 3H); *C NMR
(100 MHz, CDCl3) 6 208.3, 165.3, 145.4, 137.9, 136.8, 135.9, 135.8, 130.1, 129.4, 129.3, 129.1, 128.6,
128.22, 128.18, 106.7, 94.5, 60.9, 43.5, 21.8, 21.3, 21.2, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd.

for C,3H»oNNaO;S* : 482.1760; found: 482.1770.
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4-methyl-/V-(4-methylbenzyl)-2-(4-propylphenyl)-5-tosylpenta-2,3-dienamide (5b). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 72.1
mg, 74% yield; '"H NMR (400 MHz, CDCl;) 6 8.05 (t, J = 5.9 Hz, 1H), 7.64 (d, J = 8.2 Hz, 2H), 7.35
(dd, J= 8.1, 2.3 Hz, 4H), 7.28 (d, J = 8.0 Hz, 2H), 7.20 — 7.16 (m, 4H), 4.62 (ddd, J = 52.3, 14.7, 6.1
Hz, 2H), 3.82 (dd, J=93.0, 13.6 Hz, 2H), 2.63 — 2.58 (m, 2H), 2.47 (s, 3H), 2.38 (s, 3H), 1.75 (s, 3H),
1.66 (h, J = 7.3 Hz, 2H), 0.97 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢ 208.3, 165.4, 145.4,
142.7, 136.8, 136.0, 135.8, 130.2, 129.7, 129.3, 128.60, 128.57, 128.3, 128.2, 106.8, 94.5, 61.0, 43.5,
379, 24.6, 21.8, 21.2, 19.6, 13.9; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C;0H3;;NNaO;S* :

510.2073; found: 510.2074.
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2-(4-(tert-butyl)phenyl)-4-methyl-NV-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (4¢). The
product was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Yellow oil,
64.2 mg, 64% yield; 'H NMR (400 MHz, CDCl3) 6 8.01 (t, J = 6.1 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H),
7.35 - 17.31 (m, 6H), 7.25 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 4.58 (ddd, J = 49.5, 14.6, 6.1
Hz, 2H), 3.78 (dd, J = 90.8, 13.6 Hz, 2H), 2.44 (s, 3H), 2.35 (s, 3H), 1.75 (s, 3H), 1.31 (s, 9H); 13C
NMR (100 MHz, CDCl;) 6 208.4, 165.4, 151.1, 145.4, 136.8, 136.0, 135.8, 130.2, 129.5, 129.3, 128.4,
128.3, 128.2, 125.4, 106.6, 94.5, 61.0, 43.5, 34.7, 31.4, 21.8, 21.2, 19.6; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd. for C3;H3sNNaO;S* : 524.2230; found: 524.2236.
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2-(4-methoxyphenyl)-4-methyl-V-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (5d). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 59.9
mg, 63% yield; '"H NMR (400 MHz, CDCl3) 6 7.99 — 7.95 (m, 1H), 7.60 (d, J = 8.2 Hz, 2H), 7.35 -
7.30 (m, 4H), 7.24 (d, J = 8.2 Hz, 2H), 7.15 (d, J= 7.9 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 4.63 (dd, J =
14.9, 6.3 Hz, 1H), 4.50 (dd, J = 14.7, 5.8 Hz, 1H), 3.89 (d, J = 13.6 Hz, 1H), 3.80 (s, 3H), 3.68 (d, J =
13.6 Hz, 1H), 2.43 (s, 3H), 2.34 (s, 3H), 1.76 (s, 3H); 3C NMR (100 MHz, CDCl;) J 208.2, 165.5,
159.5, 145.4, 136.8, 136.0, 135.8, 130.2 130.0, 129.3, 128.24, 128.19, 124.6, 113.9, 106.4, 94.6, 61.0,
55.4,43.5, 21.8, 21.2, 19.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CogH,9)NNaO,S* : 498.1710;

found: 498.1718.
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2-(4-fluorophenyl)-4-methyl-NV-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (Se). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 59.3 mg,
64% yield; '"H NMR (400 MHz, CDCl;) 0 8.03 (t, J= 5.7 Hz, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.39 (dd, J
=8.7,5.5Hz, 2H), 7.31 (d, J= 7.9 Hz, 2H), 7.25 (d, J= 7.5 Hz, 2H), 7.15 (d, /= 7.8 Hz, 2H), 6.99 (t, J
= 8.7 Hz, 2H), 4.65 — 4.48 (m, 2H), 3.79 (dd, J = 85.3, 13.6 Hz, 2H), 2.43 (s, 3H), 2.34 (s, 3H), 1.78 (s,
3H); 13C NMR (100 MHz, CDCI;) ¢ 208.3, 165.1, 162.5 (d, J = 247.6 Hz, 1C), 145.5, 136.9, 135.8,
130.5 (d, J = 8.2 Hz, 2C), 130.2, 129.3,128.4 (d, J = 3.4 Hz, 1C), 128.2, 115.4 (d, J = 21.6 Hz, 2C),
105.9, 95.1, 60.8, 43.6, 21.8, 21.2, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for Cy;H,FNNaO;S* :

486.1510; found: 486.1520.
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2-(4-bromophenyl)-4-methyl-/V-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (5f). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 52.3
mg, 50% yield; '"H NMR (400 MHz, CDCl;) 6 8.07 (t, J= 5.7 Hz, 1H), 7.60 (d, J = 8.2 Hz, 2H), 7.37 (s,
1H), 7.35 - 7.30 (m, 3H), 7.25 — 7.23 (m, 4H), 7.16 (d, /= 7.8 Hz, 2H), 4.63 (dd, J = 14.6, 6.3 Hz, 1H),
4.50 (dd, J=14.6, 5.8 Hz, 1H), 3.80 (dd, J = 89.1, 13.6 Hz, 2H), 2.43 (s, 3H), 2.34 (s, 3H), 1.79 (s, 3H);
13C NMR (100 MHz, CDCl;) 6 208.3, 164.7, 145.6, 136.9, 135.8, 135.7, 134.4, 134.2, 130.2, 129.6,
129.4, 128.7, 128.2, 128.1, 126.9, 105.8, 95.5, 60.7, 43.6, 21.8, 21.3, 19.5; HRMS (ESI-TOF) m/z:

[M+Na]* Calcd. for C,7H,sBrNNaO;S* : 546.0709; found: 546.0714.
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2-(3-chlorophenyl)-4-methyl-/V-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (5g). The product

Cl

was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 52.7
mg, 55% yield; '"H NMR (400 MHz, CDCl;) 6 8.04 (t, J = 5.9 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.42
(d, J = 8.6 Hz, 2H), 7.32 — 7.24 (m, 6H), 7.15 (d, J = 7.8 Hz, 2H), 4.56 (ddd, J = 49.7, 14.6, 6.1 Hz,
2H), 3.79 (dd, J = 85.2, 13.6 Hz, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 1.78 (s, 3H); 1*C NMR (100 MHz,
CDCl;) 6 208.2, 164.8, 145.6, 136.9, 135.8, 135.7, 131.53, 131.49, 130.4, 130.2, 129.4, 128.2, 122.1,
1059, 954, 60.7, 43.6, 21.8, 21.3, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for
C,7H,6CINNaO;S* : 502.1214; found: 502.1217.
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2-(2-fluorophenyl)-4-methyl-N-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (Sh). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 47.3
mg, 51% yield; '"H NMR (400 MHz, CDCls) 6 8.00 (t, J = 5.7 Hz, 1H), 7.61 (d, J= 8.2 Hz, 2H), 7.44 —
7.38 (m, 1H), 7.32 (d, J = 7.9 Hz, 2H), 7.25 (d, J = 10.2 Hz, 2H), 7.17 — 7.03 (m, 5H), 4.56 (ddd, J =
54.4,14.7, 6.1 Hz, 2H), 3.77 (dd, J = 98.0, 13.5 Hz, 2H), 2.43 (s, 3H), 2.35 (s, 3H), 1.76 (s, 3H); 13C
NMR (100 MHz, CDCl;) 6 209.1, 164.8, 160.2 (d, J =249.2 Hz, 1C), 145.5, 136.8, 135.9 (d, /= 10.0
Hz, 1C), 131.65, 131.62, 130.2, 129.8 (d, /J=7.9 Hz, 1C), 129.5, 129.3, 128.6, 128.3, 127.8, 124.0 (d, J
=3.7 Hz, 1C), 115.8 (d, J=22.0 Hz, 2C), 100.4, 94.0, 60.9, 43.7, 21.8, 21.3, 19.3; HRMS (ESI-TOF)

m/z: [M+Na]* Calcd. for C,;H,sFNNaOsS* : 486.1510; found: 486.1529.

Ts
D
Me .
N
H/\©\

S19



2-(cyclohex-1-en-1-yl)-4-methyl-V-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (5i). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 49.4
mg, 55% yield; '"H NMR (400 MHz, CDCL;) 6 7.84 — 7.81 (m, 1H), 7.58 (d, J = 8.2 Hz, 2H), 7.27 (t,
4H), 7.13 (d, J = 7.9 Hz, 2H), 6.23 (t, J = 4.0 Hz, 1H), 4.50 (ddd, 2H), 3.73 (dd, J = 101.8, 13.7 Hz,
2H), 2.45 — 2.40 (m, 5H), 2.33 (s, 3H), 2.18 — 2.10 (m, 2H), 1.89 (s, 2H), 1.65 — 1.60 (m, 2H), 1.58 (s,
3H); 13C NMR (100 MHz, CDCl;) d 206.6, 165.4, 145.3, 136.7, 136.0, 135.8, 130.1, 129.6, 129.34,
129.29, 128.6, 128.4, 128.3, 128.1, 109.1, 94.0, 61.2, 43.3, 27.2, 26.0, 22.7, 22.0, 21.8, 21.2, 20.0;

HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,;H;NNaO;S* : 472.1917; found: 472.1927.
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2-(3-chloropropyl)-4-methyl-NV-(4-methylbenzyl)-5-tosylpenta-2,3-dienamide (5j). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow solid, 52.0 mg,
58% yield, mp:111.0 - 112.0 °C; 'H NMR (400 MHz, CDCl3) 6 7.86 — 7.77 (m, 1H), 7.61 (dd, J = 8.3,
3.3 Hz, 2H), 7.40 — 7.23 (m, 4H), 7.14 (d, J = 5.0 Hz, 2H), 4.59 — 4.36 (m, 2H), 3.84 — 3.63 (m, 2H),
3.56 — 3.51 (m, 2H), 2.46 (s, 5H), 2.34 (d, J = 3.0 Hz, 3H), 1.93 — 1.86 (m, 2H), 1.69 (d, J = 3.5 Hz,
3H); 13C NMR (100 MHz, CDCl;) ¢ 207.1, 165.8, 145.5, 136.8, 136.1, 135.9, 130.2, 129.9, 129.3,
128.21, 128.17, 102.7, 94.0, 61.4, 44.4, 43.5, 30.8, 26.1, 21.8, 21.2, 19.5; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd. for C,4HysCINNaO;S* : 468.1371; found: 468.1378.
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4-methyl-/V-(4-methylbenzyl)-2-phenyl-5-(phenylsulfonyl)penta-2,3-dienamide (5k). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil, 64.7
mg, 75% yield; 'TH NMR (400 MHz, CDCl;) 6 7.99 (t, J= 6.3 Hz, 1H), 7.73 (d, J = 7.6 Hz, 2H), 7.64 (t,
J=1.5Hz, 1H), 7.47 (t,J = 7.8 Hz, 2H), 7.40 (d, J = 7.3 Hz, 2H), 7.36 — 7.26 (m, 5H), 7.16 (d, /= 7.8
Hz, 2H), 4.58 (ddd, J = 48.9, 14.6, 6.1 Hz, 2H), 3.81 (dd, /= 90.4, 13.6 Hz, 2H), 2.34 (s, 3H), 1.77 (s,

3H); 3C NMR (100 MHz, CDCl;) ¢ 208.5, 165.2, 138.7, 136.9, 135.9, 134.3, 132.5, 129.6, 129.4,
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128.8, 128.5, 128.3, 128.1, 106.9, 94.6, 60.9, 43.6, 21.3, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd.

for CysH,sNNaO;S* : 454.1447; found: 454.1456.
ey k
Ph /\©\
5-((4-chlorophenyl)sulfonyl)-4-methyl-V-(4-methylbenzyl)-2-phenylpenta-2,3-dienamide (51). The
product was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale yellow oil,
74.4 mg, 80% yield; '"H NMR (400 MHz, CDCl3) 6 7.81 (t, J = 5.7 Hz, 1H), 7.62 (d, J = 8.6 Hz, 2H),
7.39 — 7.36 (m, 4H), 7.32 — 7.28 (m, SH), 7.16 (d, J = 7.8 Hz, 2H), 4.54 (ddd, 2H), 3.81 (dd, J = 84 4,
13.7 Hz, 2H), 2.35 (s, 3H), 1.81 (s, 3H); '*C NMR (100 MHz, CDCl;) 6 208.4, 165.0, 141.1, 137.0,

135.8, 132.3, 129.8, 129.7, 129.4, 128.7, 128.5, 128.21, 128.17, 107.0, 94.3, 60.8, 43.6, 21.2, 19.6;

HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,sH2sCINNaO;S* : 488.1058; found: 488.1066.
e,

5-((4-bromophenyl)sulfonyl)-4-methyl-N-(4-methylbenzyl)-2-phenylpenta-2,3-dienamide ~ (Sm).
The product was purified by column chromatography (petroleum ether / ethyl acetate = 3:1); Pale
yellow oil, 77.4 mg, 76% yield; '"H NMR (400 MHz, CDCl;) 6 7.80 (t, J = 5.8 Hz, 1H), 7.54 (s, 4H),
7.38 — 7.34 (m, 2H), 7.33 — 7.28 (m, 5H), 7.16 (d, J = 7.8 Hz, 2H), 4.56 (ddd, J = 72.1, 14.7, 6.1 Hz,
2H), 3.81 (dd, J = 80.8, 13.7 Hz, 2H), 2.35 (s, 3H), 1.82 (s, 3H); 3C NMR (100 MHz, CDCl;) ¢ 208.4,
165.0, 137.5, 137.0, 135.8, 132.9, 132.3, 129.7, 129.4, 128.7, 128.5, 128.23, 128.21, 107.1, 94.4, 60.8,

43.6, 21.2, 19.6; HRMS (ESI-TOF) m/z: [M+Na]" Calcd. for C,sH,4BrNNaO;S* : 532.0552; found:

532.0558.

Ts 0 NK
NS AAe
Me .
%N
ph M

2-(diethylamino)ethyl  4-(4-methyl-2-phenyl-5-tosylpenta-2,3-dienamido)benzoate (6a). The
product was purified by column chromatography (ethyl acetate / methanol = 10:1, Ry = 0.3); Pale

yellow oil, 59.4 mg, 53% yield; '"H NMR (400 MHz, CDCl;) 6 9.82 (s, 1H), 8.03 — 7.94 (m, 4H), 7.83
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(d, J= 8.2 Hz, 2H), 7.46 — 7.43 (m, 2H), 7.37 (d, J = 8.4 Hz, 4H), 7.35 — 7.30 (m, 1H), 4.37 (t, J= 6.2
Hz, 2H), 3.86 (dd, J = 115.2, 13.4 Hz, 2H), 2.85 (t, J = 6.2 Hz, 2H), 2.63 (q, J = 7.1 Hz, 4H), 2.46 (s,
3H), 1.98 (s, 3H), 1.07 (t, J = 7.1 Hz, 6H); '*C NMR (100 MHz, CDCls) 6 208.7, 166.5, 163.7, 146.0,
143.2, 135.8, 132.3, 130.9, 130.5, 129.0, 128.6, 128.4, 128.3, 125.5, 119.3, 107.5, 95.6, 63.4, 60.7, 51.1,

48.0, 21.9, 20.1, 12.2; HRMS (ESI-TOF) m/z: [M+H]* Calcd. for C;,H;37N,05S" : 561.2418; found:

561.2426.
~
O
Ts O\\ /H
@]
N
H

N-(4-(N-(3-methoxypyrazin-2-yl)sulfamoyl)phenyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-

dienamide (6b). The product was purified by column chromatography (petroleum ether / ethyl acetate
= 1:1, R¢= 0.3); Pale yellow oil, 70.1 mg, 58% yield; 'H NMR (400 MHz, CDCl3) 6 9.91 (s, 1H), 8.10
(d, J= 8.9 Hz, 2H), 8.02 (d, J= 8.9 Hz, 2H), 7.82 (d, /= 8.3 Hz, 2H), 7.73 (d, J= 2.8 Hz, 1H), 7.65 (d,
J=2.8 Hz, 1H), 7.63 (s, 1H), 7.44 — 7.30 (m, 7H), 4.01 — 3.69 (m, 5H), 2.47 (s, 3H), 2.01 (s, 3H); 13C
NMR (100 MHz, CDCl;) 6 208.8, 163.9, 148.7, 146.1, 143.7, 137.8, 135.7, 134.0, 133.8, 133.6, 132.0,
130.5, 129.9, 128.9, 128.6, 128.5, 128.2, 119.4, 107.3, 95.8, 60.7, 54.1, 21.9, 20.1; HRMS (ESI-TOF)

m/z: [M+Na]" Calcd. for C30H,3N4NaOgS,* : 627.1342; found: 627.1350.

yk

4-methyl-/V-(4-methyl-2-0x0-2H-chromen-7-yl)-2-phenyl-5-tosylpenta-2,3-dienamide  (6¢). The

Ts

product was purified by column chromatography (dichloromethane / ethyl acetate = 20:1, Ry = 0.5);
Pale yellow oil, 59.9 mg, 60% yield; '"H NMR (400 MHz, CDCl;) ¢ 9.94 (s, 1H), 7.99 — 7.98 (m, 1H),
7.83 (d, J=4.2 Hz, 3H), 7.52 (dd, J = 8.7, 3.7 Hz, 1H), 7.44 (d, J = 5.6 Hz, 2H), 7.39 — 7.29 (m, SH),
6.16 (s, 1H), 3.86 (ddd, J=111.1, 13.2, 3.6 Hz, 2H), 2.45 (d, J= 3.2 Hz, 3H), 2.39 (d, /= 2.7 Hz, 3H),
2.01 (d, J = 3.7 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢ 208.8, 163.8, 161.4, 154.4, 152.3, 146.0,

142.4, 135.7, 132.1, 130.4, 128.9, 128.6, 128.4, 128.2, 125.1, 116.1, 116.0, 113.3, 107.6, 107.3, 95.8,
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60.7, 21.8, 20.1, 18.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C,0H,sNNaOsS* : 522.1346; found:

522.1355.

Ts ol Q
N O F
Ph H
5-chloro-2-ethoxy-/N-((4-(4-fluorobenzyl)morpholin-2-yl)methyl)-4-(4-methyl-2-phenyl-5-
tosylpenta-2,3-dienamido)benzamide (6d). The product was purified by column chromatography
(dichloromethane / ethyl acetate = 3:1, Ry = 0.3); Pale yellow oil, 93.9 mg, 63% yield; '"H NMR (400
MHz, CDCl;) ¢ 8.58 (s, 1H), 8.37 (s, 1H), 8.23 (s, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.57 — 7.43 (m, 1H),
7.35-7.30 (m, 5H), 7.28 — 7.24 (m, 1H), 7.12 (d, /= 8.1 Hz, 2H), 6.99 (t, J= 8.6 Hz, 2H), 4.19 (q, J =
7.0 Hz, 2H), 4.01 — 3.92 (m, 2H), 3.87 (d, J = 11.2 Hz, 1H), 3.72 — 3.66 (m, 3H), 3.46 (s, 2H), 3.34
(ddd, J=11.9, 8.0, 3.8 Hz, 1H), 2.70 (dd, J = 44.3, 11.1 Hz, 2H), 2.29 (s, 3H), 2.17 — 2.13 (m, 4H),
1.98 (t, J=10.5 Hz, 1H), 1.49 (t, J = 6.9 Hz, 3H); 3C NMR (100 MHz, CDCl;) J 208.4, 163.8, 163.3,
162.17 (d, J=245.1 Hz, 1C), 156.5, 145.1, 137.9, 135.3, 133.3, 132.2, 132.1, 132.0 (d, /= 2.5 Hz, 1C),
131.4,130.7 (d, J= 8.0 Hz, 2C), 130.0, 129.1, 128.7, 128.6, 128.54, 128.49, 128.1, 117.7, 1152 (d, J =

21.3 Hz, 2C), 114.6, 106.9, 104.8, 98.0, 74.5, 66.7, 65.5, 62.5, 60.2, 56.0, 52.9, 42.4, 21.7, 19.3, 14.7;

HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C4H,4 CIFN;NaO4S™* : 768.2281; found: 768.2288.

Ts

ﬁ*

N-(2-(1H-indol-3-yl)ethyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (6e). The product was
purified by column chromatography (petroleum ether / ethyl acetate = 2:1, Ry = 0.3); Pale yellow oil,
53.3 mg, 55% yield; '"H NMR (400 MHz, CDCl;) ¢ 8.12 (s, 1H), 7.68 (d, J = 8.1 Hz, 3H), 7.60 (t, J =
5.5 Hz, 1H), 7.34 (q,J=7.0, 6.1 Hz, 4H), 7.28 (d, J = 8.0 Hz, 2H), 7.25 - 7.22 (m, 2H), 7.18 (t, /= 7.5
Hz, 1H), 7.12 — 7.08 (m, 2H), 3.84 — 3.75 (m, 3H), 3.62 (d, J=13.6 Hz, 1H), 3.13 (t, J = 7.2 Hz, 2H),
2.41 (s, 3H), 1.83 (s, 3H); 3C NMR (100 MHz, CDCl;) § 208.2, 165.4, 145.5, 136.4, 135.9, 132.6,
130.2, 128.8, 128.4, 128.2, 128.0, 127.8, 122.2, 122.0, 119.4, 119.1, 113.4, 111.2, 106.8, 94.7, 60.8,
40.5, 25.3, 21.8, 19.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for CyoHsN,NaO;S* : 507.1713; found:

507.1721.
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Me

N-(((15,4aR,10aS8)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-1-

yl)methyl)-4-methyl-2-phenyl-5-tosylpenta-2,3-dienamide (6f). The product was purified by column
chromatography (petroleum ether / ethyl acetate = 5:1, R¢ = 0.3); Pale yellow oil, 63.4 mg, 52% yield;
'H NMR (400 MHz, CDCl;) 6 7.70 (d, J = 8.2 Hz, 2H), 7.54 (t, J = 6.6 Hz, 1H), 7.34 — 7.30 (m, 4H),
7.17 (dd, J=13.3, 8.2 Hz, 2H), 6.97 (d, J = 8.1 Hz, 2H), 6.88 — 6.84 (m, 2H), 3.80 (d, /= 13.7 Hz, 1H),
3.58 (d, J=13.8 Hz, 1H), 3.44 (dd, J=13.6, 6.9 Hz, 1H), 3.26 (dd, J=13.6, 6.3 Hz, 1H), 3.04 (dd, J =
9.5, 6.5 Hz, 2H), 2.87 (d, J = 6.5 Hz, 3H), 2.83 — 2.80 (m, 2H), 2.43 (s, 3H), 2.31 — 2.23 (m, 2H), 1.74
(s, 3H), 1.53 — 1.51 (m, 2H), 1.42 (d, /= 2.1 Hz, 1H), 1.23 (s, 3H), 1.01 (s, 3H), 0.88 (s, 6H); 1*C NMR
(100 MHz, CDCl;) 0 207.3, 165.7, 158.6, 147.6, 147.5, 145.6, 145.5, 145.4, 135.9, 135.2, 135.0, 132.5,
130.2, 128.6, 128.5, 128.4, 128.1, 127.9, 126.9, 124.3, 124.2, 123.8, 123.7, 107.2, 94.5, 60.4, 50.8, 50.2,
45.0, 44.9, 38.6, 38.5, 38.3, 37.62, 37.56, 37.53, 37.47, 36.3, 36.2, 33.5, 30.2, 30.1, 25.4, 25.3, 24.1,
21.8,19.5, 19.13, 19.06, 18.9, 18.8, 18.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd. for C30H4;NNaO;S* :

632.3169; found: 632.3175.

Ts
1 9
Me ‘%I\);(O\
ph 10

methyl (4-methyl-2-phenyl-5-tosylpenta-2,3-dienoyl)valinate (6g). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 5:1, R¢= 0.3), dr = 2:3; Pale yellow oil, 45.3
mg, 50% yield; 'H NMR (400 MHz, CDCl;) 6 7.89 (d, J = 8.3 Hz, 1.66H), 7.79 (d, J = 8.2 Hz, 2.66H),
7.70 (d, J = 8.2 Hz, 0.66H), 7.36 — 7.33 (m, 5H), 7.29 (s, 1.66H), 7.28 — 7.23 (m, 5H), 4.61 — 4.53 (m,
1.66H), 3.95 (d, J=13.8 Hz, 1H), 3.90 (d, J = 13.5 Hz, 0.66H), 3.76 (s, 3H), 3.73 — 3.72 (m, 3H), 3.70
—3.68 (m, 0.66H), 2.43 (s, 3H), 2.40 (s, 2H), 2.30 — 2.25 (m, 1.66H), 2.06 (s, 3H), 1.77 (s, 2H), 1.02 (d,
J = 6.9 Hz, 6H), 0.91 (d, J = 6.8 Hz, 2H), 0.85 (d, J = 6.9 Hz, 2H); 13C NMR (100 MHz, CDCI;) ¢
208.3, 208.2, 174.0, 172.6, 172.5, 165.65, 165.56, 157.5, 145.4, 145.3, 136.0, 135.8, 132.5, 132.4,

130.2, 130.1, 128.64, 128.59, 128.41, 128.36, 106.3, 106.2, 95.4, 95.0, 60.6, 60.4, 58.6, 58.5, 58.1,
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52.12, 52.08, 52.0, 31.5, 30.9, 30.8, 21.8, 19.7, 19.5, 19.3, 19.2, 19.1, 18.6, 18.5, 17.8; HRMS (ESI-

TOF) m/z: [M+Na]* Calcd. for C,sH,0NNaOsS* : 478.1659; found: 478.1669.

A

methyl 2-cyclopentyl-2-(4-methyl-2-phenyl-5-tosylpenta-2,3-dienamido)acetate (6h). The product
was purified by column chromatography (petroleum ether / ethyl acetate = 5:1, Ry = 0.3), dr = 1:1;
Yellow oil, 51.0 mg, 53% yield; "H NMR (400 MHz, CDCls) 6 7.93 (d, J = 8.2 Hz, 2H), 7.84 — 7.80 (m,
4H), 7.38 — 7.35 (m, 6H), 7.32 (s, 2H), 7.30 — 7.29 (m, 4H), 7.26 — 7.24 (m, 2H), 4.52 (q, J = 7.9 Hz,
2H), 3.97 (d, J=13.7 Hz, 1H), 3.91 (d, /= 13.4 Hz, 1H), 3.77 (s, 3H), 3.71 (d, J = 4.5 Hz, 4H), 3.68 (d,
J=28.2 Hz, 1H), 2.45 (s, 3H), 2.42 (s, 3H), 2.07 (s, 3H), 1.96 — 1.92 (m, 1H), 1.91 — 1.84 (m, 1H), 1.72
(s, 3H), 1.68 — 1.62 (m, 8H), 1.57 — 1.53 (m, 4H), 1.48 — 1.44 (m, 4H); '3C NMR (100 MHz, CDCl;) 6
208.5, 208.3, 174.2, 173.1, 173.0, 165.53, 165.47, 157.4, 145.5, 145.4, 136.1, 135.7, 132.4, 130.3,
130.2, 128.8, 128.7, 128.6, 128.43, 128.36, 128.2, 128.01, 127.97, 106.4, 106.2, 95.3, 94.9, 60.8, 60.5,
57.3,57.0,56.3, 52.1, 52.0,42.8, 42.0, 41.9, 29.8, 29.5, 29.4, 29.3, 29.2, 29.0, 28.5, 25.53, 25.49, 25.34,
25.14, 25.10, 25.07, 21.78, 21.76, 19.7, 19.5; HRMS (ESI-TOF) m/z: [M+Na]® Calcd. for

C,7H3;NNaOsS* : 504.1815; found: 504.1824.

Cl

3-ethyl 5-methyl 4-(2-chlorophenyl)-6-methyl-2-((2-(4-methyl-2-phenyl-5-tosylpenta-2,3-
dienamido)ethoxy)methyl)-1,4-dihydropyridine-3,5-dicarboxylate (6i). The product was purified by
column chromatography (petroleum ether / ethyl acetate = 2:1, R¢= 0.3); Pale yellow oil, 80.5 mg, 55%
yield; 'H NMR (400 MHz, CDCl;) J 8.11 — 8.08 (m, 1H), 7.79 (d, J = 8.1 Hz, 2H), 7.61 (dd, J = 8.2,
2.9 Hz, 1H), 7.55 (s, 1H), 7.42 (d, J = 7.1 Hz, 2H), 7.34 (d, J = 7.9 Hz, 4H), 7.20 (d, J = 6.6 Hz, 1H),
7.08 —7.00 (m, 3H), 5.36 (s, 1H), 4.86 — 4.66 (m, 4H), 4.04 (dd, J = 7.1, 2.6 Hz, 2H), 3.80 — 3.75 (m,
2H), 3.67 (d, J=13.3 Hz, 2H), 3.58 (s, 3H), 2.45 (s, 3H), 2.20 (s, 3H), 1.95 (s, 3H), 1.18 (t,J = 5.2 Hz,

3H); 3C NMR (100 MHz, CDCl;) J 208.5, 168.1, 167.3, 166.1, 146.2, 145.8, 145.5, 145.0, 135.8,

S25



132.4, 132.2, 131.5, 130.3, 129.7, 129.1, 128.70, 128.67, 128.4, 128.14, 128.08, 127.3, 126.9, 126.0,
106.7, 103.5, 101.2, 94.5, 70.9, 68.2, 60.9, 59.8, 50.7, 39.9, 37.0, 21.8, 19.9, 19.3, 14.4; HRMS (ESI-

TOF) m/z: [M+Na]* Calcd. for C3oH4;CIN,;NaOgS* : 755.2164; found: 755.2172.

Td Br
4-bromo-5-methyl-1-(4-methylbenzyl)-3-phenyl-5-(tosylmethyl)-1,5-dihydro-2H-pyrrol-2-one (7).
The product was purified by column chromatography (petroleum ether / ethyl acetate = 5:1); Yellow oil,
40.9 mg, 78% yield; '"H NMR (400 MHz, CDCl3) 6 7.77 — 7.70 (m, 4H), 7.44 — 7.39 (m, 3H), 7.25 (d, J
= 8.5 Hz, 2H), 7.14 - 7.09 (m, 4H), 4.13 (d, /= 16.1 Hz, 1H), 3.88 —3.79 (m, 2H), 3.68 (d, /= 15.2 Hz,
1H), 2.32 (d, J= 7.9 Hz, 6H), 1.70 (s, 3H); 3C NMR (100 MHz, CDCl;) d 157.7, 145.0, 137.5, 137.3,
136.1, 135.9, 133.2, 130.1, 129.6, 129.3, 129.0, 128.3, 128.2, 127.3, 86.6, 61.8, 50.3, 29.5, 25.3, 21.7,

21.2; HRMS (ESI-TOF) m/z: [M+H]* Calcd. for C,;H,,BrNO3S* : 524.1890; found: 524.0899.

Ts I
4-iodo-5-methyl-1-(4-methylbenzyl)-3-phenyl-5-(tosylmethyl)-1,5-dihydro-2 H-pyrrol-2-one  (8).
The product was purified by column chromatography (petroleum ether / ethyl acetate = 5:1); Yellow oil,
36.0 mg, 63% yield; '"H NMR (400 MHz, CDCl;) 6 7.76 (d, J = 8.3 Hz, 2H), 7.62 (dd, J= 7.8, 1.7 Hz,
2H), 7.44 — 7.39 (m, 3H), 7.25 (d, J = 6.2 Hz, 2H), 7.10 (s, 4H), 4.09 (d, J = 16.1 Hz, 1H), 3.84 — 3.79
(m, 2H), 3.67 (d, J= 15.1 Hz, 1H), 2.32 (d, J = 3.5 Hz, 6H), 1.69 (s, 3H); 1*C NMR (100 MHz, CDCl;)
0 158.4, 145.0, 140.1, 137.5, 135.9, 131.1, 130.1, 129.6, 129.3, 129.0, 128.3, 128.2, 127.3, 114.4, 88.1,

62.5,50.3,29.5, 25.9, 21.7, 21.2; HRMS (ESI-TOF) m/z: [M+H]* Calcd. for C,7H»;INO;S* : 572.0751;

found: 572.0759.

Ts NN I
(E)-1-((5-iodo-2-phenylpent-2-en-1-yl)sulfonyl)-4-methylbenzene (10).3 The product was purified

by column chromatography (petroleum ether / ethyl acetate = 5:1); Yellow oil, 72.5 mg, 85% yield; 'H
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NMR (400 MHz, CDCl3) 6 7.62 (d, J = 8.2 Hz, 2H), 7.20 — 7.16 (m, 7H), 5.94 (t, J= 7.3 Hz, 1H), 4.33
(s, 2H), 3.15 (t, J = 6.9 Hz, 2H), 2.72 (q, J = 7.0 Hz, 2H), 2.37 (s, 3H); 3C NMR (100 MHz, CDCl;) &

144.8, 140.7, 136.3, 130.3, 129.7, 128.5, 128.4, 127.5, 126.6, 125.2, 58.2, 33.2, 21.7, 4.3.
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9. X-ray crystal data for product 5j (CCDC: 2353295)

Bruker Apex2 CCD was used for the crystal measurement and the ellipsoid contour is shown at 30%

probability levels. Single crystals of compound 5j were obtained by slow evaporation of its petroleum

ether / dichloromethane solution.

Ts
1 9
Me .

Iz

X-ray structure of 5j
CCDC 2353295

Compound 3aa
Empirical formula C,4H,3CINO3S
Formula weight 445.98
Temperature/K 296.09
Crystal system monoclinic
Space group P2,/c

a/A 4.9709 (6)
b/A 15.9820 (19)
c/A 29.501 (4)
a/° 90

p/e 91.962 (7)
v/° 90
Volume/A3 2342.3 (5)

Z 4

Peateg/cm’ 1.265
wmm-! 2.471
F(000) 944.0

Crystal size/mm3

Radiation

20 range for data collection/®

Index ranges

0.26 x 0.14 x 0.02
CuKa (A = 1.54178)
6.29 to 127.31

-5<h<5,-18<k<18,-34<1<34
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Reflections collected 27566

Independent reflections 3793 [Rine= 0.2152, Rgigma = 0.0936]
Data/restraints/parameters 3793/0/251

Goodness-of-fit on F2 1.453

Final R indexes [[>=2c (I)] R1=0.1247, wR,= 0.3248

Final R indexes [all data] R;=0.2308, wR,=0.4522

Largest diff. peak/hole / e A 0.70/-0.82
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10. 'H, 3C spectra of products (4a - 4u, 5a - 5Sm, 6a - 6i, 7, 8, 10)

in CDCl;

n

100 MHz

Lm ;< = olL—
ke 86l
0Z - : M T
= [ gz’
16°0 [
660 7 -
L= 0°¢ = =66'Z "
ek \ = 6Ly
99'} iHmAE. b og 2
891 HE L
E”% [ =00 | =
Ll o 5 609—
wm”w/ 6}
cee L - kel |
ve's -
9g°E [«
1€°€ [ F3
8e'¢ -
MM.M = g L661| .-
; Lo e v'r6—
e - = w b
ﬂ..m; 5 86°) .2
vr'e] 4 6'90L—
99°¢ a
69°¢ | o | ) =
06°¢ | @) = < 0'8zL 3
€6 a 7’8zl
sz'L @) | | = '8zl
9L = Ok~ = Lez
1471 3 R zoE eoeLy
1] = 00° L 1284
7Z'L S I i 09l
622 = 9'SPL—
1e°2 L=
A S o <
i :
£€2 5 L2
em.L & < £59L—
9g2
6€'L N 16" Fa
. i 'L
6E°Ly ST ez = -
op'L- - = 20z
A i 00Z| =
Wi £ ars
WL 67| = 5 66’
by ﬁ ¢ - - 1160
i ‘IA 66'L| 2
99°L] 2 = e
2924
wm. 1 L z'802—
o2

10

20

30

40

50

60

70

90 B0

rn ([J]Jnll')oo
S31

127.5
110

T
130

128.0

T
140

T
130.5 1300 129.5 129.0 1285
£1 (ppm)
180 170 160 150

190

131.
200

210




86°0
00°L
Lol

W-Ts-30. 1. fid

4b
z in

K
H
400 MH.

o]
Ph

A

5

T
Me

SN

1

4.0

T

7.6

7.7

7.8

1.9

1 (ppm)

=20t

2102
202
-00¢

—00°'€

Feoz

[zoz

00°t
002
10z
00°¢
86°0
002

-

5.0

w

6.0

1 (ppm)

6EL
261

g0z
g1z’

Sle—

66—

6°09—

Pre—
8'901L—

6421
z'8zL
L4147
1'8Z1
n.cﬂ.%
9ZEL
0'9€l
oSrL—

€691 —

z'802—

4b
100 MHz in CDCl;

T T T T T T T T T T T T

138 137 136 135 134 133 132 131 130 129 128 127

126 125

f1 {(ppm)

A

60

110

1 (ppm)

30

S32



€6°E

szl
9z'L
yr
62'L
gL
nnhw
ve'L
o/
mﬁhﬁ
or'L
£9°L
y9'L
S9'L
811
08'L

W-Ts-2. 1. fid

e

1.2 0.9 0.8

S

m A LM

N7 TN
4c
400 MHz in CDCl;

1.8 1.7 1.6 1.5 1.4 1.3

f1 (ppm)

2.0 1.9

f1 (ppm)

=00'¢

Noos|
# 10T
J00E

-00'¢ )
Fooz

ﬁam._.

5.0
I

=10}
"zo9
~860
~00Z

F1 (ppm)

9.0

9.5

6°09—

Pye—

6901 —

6421
(4141
L4 14]
1'8Z1
N.:ﬂ%
L'ZEL
z'9¢el
S'SrL—

69—

7807 —

4c
100 MHz in CDCl;

131 130 129 128 127 126

132

135 134

136

f1 (ppm)

-

60

110

1 (ppm)

30

S33



S8'0
980
880
szl
8T’
4
vn.r\
S9°LF
...m._.\
69°)
06°L
Sv'e—
€e'e
ve'e
9€'E
8€'E
6e€—¢
e
ev'E
SY'e
Lp'e
99'¢
69°¢
68°E
€6°E

W-Ts-7. 1. fid

Lo

oo’

0o

oo’

86"

S6

400 MHz in CDCl;

s

T
1.0

.45 1.2

T T
™18 N
f1 (ppm)

f T
4 20

T
3.26

00"

88

00

< 18

T
7.5
1 (ppm)

= 10¢

Fcc..v
w 007
7 00

= 00¢

F 86

k004
~ 88°0
= 00

5.0

w

6.0

1 (ppm)

[ 4]
u.m_./.
%4
9z
T
e.m«/
§'62
L'62
L'62
c.wn\
£y

6°09—

Pre—

6901 —

08zl
(4141
L4 14]
'8zl
m.:ﬂ%
L'ZEL
z'9¢el
S'SrL—

69—

807 —

100 MHz in CDCl;

131 130 129 128 127 126 125

2
1 (ppm)

135 134 133

136

137

220 210 200 190 180 170 160 5 140 130 120 1(10 ) 100 90 80 70 60 50 40
1 (ppm

30

S34



ov'z—

e R
89°¢
06°¢
¥6'E
:1 0 4
0z’
(444
€y
STy
2Z'v

ﬂ_b\::b@i 4

L4

=

=
o

(=]

4e

400 MHz in

L2

1.8 1.4

2.4 2.0

3.8 3.6

4.0

)

1 (ppm)

~66'S
-20¢

-00'¢

S00°L
wg.m
66'€
660
“z0z

1 (ppm)

961
w.&V
ree
822

ey —

6°09—

€re—
0°L0L—

6'L2)
€8zl
L4147
4'821
n.cﬂ..%
8'zel
Z'9gL
9ShL—

vyolL—

802 —

4e
100 MHz in CDCl;

127.5

130.0 1295  129.0 1285  128.0
f1 (ppm)

130.5

131.0

90

110

T T
200 190

T
210

1 (ppm)

S35



860
oo._.v.

6L
€6°}
S6°L
16°L
66°L
vz
8L'E
B6LE
lze
€T'e
vZ'e
9z'e
2'e
62°€
Le'e
ze'e
99°¢
oLe
06°¢
€6°E

W-Ts-21. 1. fid

v, MMLLJL

4f

400 MHz in

-

o

=

&

©

2. 8 1.0 09

2.5 2.4

T (ppm)

]

3.7

N
3.8

3.9

T

7.65 7.60 7.55 7.50 T7.45

7.40

7.70

7.78

7.80

1 (ppm)

0oh

=209

=07

=00°¢

Fioz

ch.u

660
Looy
20z
2660
\zoz

5.0

w

6.0

1 (ppm)

8'61
€0z
Q.QNN
u._&.\
u.wu

9Ly—

809 —

Pye—

6901 —

6421
(4141
L4 14]
1821
m.:ﬂ%
L'ZEL
L'ogl
S'SrL—

7691 —

180z —

W-Ts-21. 2. fid

4f
100 MHz in CDCl;

T

127.0

127.5

129.0

130.0

128.0

5

128.

129.5

130.5

131.0

f1 (ppm)

60

110

1 (ppm)

T
210

T
220

S36



T b
se'L
9’} | w
1 s
Ll 5
19°L L0% - L M
S9'L =
191 N 26y
[T " | ERYAN
oLl 2 ° £'6Z
: 0 e/
L' L L= 0'Ee
8Ll 1B e
98l 00 = B 10Y s/
20z 0t - SO0z
€0z = - 2002 :
vz Yotk S B Szoel o £6r—
s0ic g g0/ <
sz g e 5 ~o0g| - 609—
- B
mw.ﬂ/ 60
19°¢ o &
18°€ = ega| ©
88'¢ - :
06°¢ L0z =02 | s £ v6—
£6'¢ S _
£6'E JE
8 1 k= 0'L0L—
o 'L - .
M e [ = 6421
O £8zL
sZ'L = e - vzl
szl on o= z20r L'82)
9Z'L ~ m ‘m - N.cn..*
Il o [< 8'ZEL
Jr = L 1'9gl
8ZL S - s S'SPh—
62'L - LR
0€°L ]
1e'L Wk = il M=
£a = T L1z rroL—
zE'L L2 = Nzgall S
£e'L h i
ve'L - & - .:_.“.M s
9g'L - Le
8e'L £ e
6€'L o | o
or'L L B
WL &
£5'L o 2 12 B
£6°L = 007 - s
08'L . D
291 L= .MSN

S37

f1 (ppm)

110

4g
100 MHz in CDCl,
120

127.
130

128.0
140

128.5
150

129.0
f1 (ppm)
160

130.5 130.0 129.5
180 170

190

131.0

Ts
200

Me

210




¥-Ts-7. 1. fid NOMWNWOONVOYTNT DN O TON-~ODMNMORT I FTOTCTOOODTONNTODOT NG
i R i By B EEERnEEROae0n X S0 ke oo hin b b3
r—lhr-r—r-r—lsr'-r-r-hhh T LTTOMMM cT V—\:;‘—rv—t—v—‘—\—t—‘—‘—\—v—v—‘—r
s e e
Ts
o]
Me
N
Ph
400 MHz in CDCl; M
Ml A Wiy
2 ot o SO0 9
T T TN T T T AT T T AT N e T
4.24.1403.938373.635 262524 20191817 L6 L5
ﬁﬁ f1 (ppm)
o~ iul o
= % £
T N T T T e T i
7.9 7.8 7.7 7.6 7.5 7.4 7.3 1:2
£l (ppm)
1
it !
‘I‘Iu b
i A
Lo o | LSS
N ® o o~ o o —o o N
s o =2 e S99 0
NO M~ -~ o~ © N
r T T T T T T T T T T T T T T T T T T T T T |
.0 95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 L5 LO 05 0.0 -0.5 -l
f1 (ppm)
< o nNOaktaR Q
@ b D © NS 0O~ ~ = -8 ¥ TN OoNooo
(=3 TOOONNNN o g b=3 o NN~ T D
o~ - g g - «© w MO NNNNNN~
| | | =S l—" | I | | =
Ts
o]
Me
N
Ph
100 MHz in CDCl;
T T T T T T T T T T T T T ‘l T T T l. T T T
138 137 136 135 134 133 132 131 130 129 128 127 126 & 32 30 28 26 24 22 20
1 (ppm) f1 (ppm)
|
| ! |
| 1 1
| L. | L
. o o Ll i) N 3
r T T T T T T T T T T T T T T T T T T T T T T T |
300 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -1

1 (ppm)

S38



L1 —

S€T~
ev'e

99°¢
mw.nV
88'€—~
Na.m\
(a4
304
€5’y
¥y
9
o'y
99’y
191
SkL
L'L
€L
sZ'L
82°Lq

-0

@Y

NN~
e e N r—

W-Ts-3. 1. fid

A
N

400 MHz in CDCl;

7.1

7.2

—00'¢

+20'¢
~o0'€ -

[est

Fioz

0T
Jloz
wre.m
1202
02
€601

5.0

w

6.0

1 (ppm)

S'6L
N.rN.W
8z

9er—

6°09—

86—

8'901
c.mﬂ/
z'8ZL
z'8ZL
'8zl
1’821
€621
ZogL—
SzZEL
6'SEL
6'SEL
8'9E1L
e.mE\

891 —

7’802 —

W-Ts-3. 2. fid

1
127

T
128

T
132
1 (ppm)

S\
|

£ —_—

—

- —
O
=
®)
£
N
s
=
S
v

T
131

60

110

1 (ppm)

30

S39



L6 L —

vre—

96°C
wm.NW
00°e
S9°€
99°¢
89°¢
69°E
ore
e
S8'¢
68°E

00

00f -

400 MHz in CDCl;

4

00

f1 (ppm)

00°g

10°g

008

20'g
00°}

5.0

w

6.0

1 (ppm)

L6~
8z

I'sg—
€

8'09—

96—

£'90L—
€921
0821
3147
14:14]
g8zl
4821
062k
z'ogl
szel
6'GEL
£'6EL
S'shl

69—

7807 —

Me

100 MHz in CDCl;

126

125

131 130 129 128 127
1 (ppm)

132

133

60

110

1 (ppm)

30

S40



28~
681

vre—

89°€
zL'e
I6'€
em.nV
16°E
86°€

687~
L6'%

W-Ts-23. 1. fid

4k

400 MHz in

Me

CDCl; l

4.0

1.9

£1 {ppm}

-00°€
~00'e

=00'€

'z
102

~20°L
00k

210G
20z
= l0'E

£1 (ppu)

L6
o.omW
%4

S'Sr—

09—

2802 —

4k

=
= e ————————
5 —
b
5
o
ko
]
I
b o
% e
o g
ol
g
o e —
w
Lo
=
o
L
8
“
L2 e
g

o
D —
]
E
N
=
=
o
S
-

30 20 10

40

220 210 200 190 180 170 160 150 140 130 120 J(IO ) 100 90 80 70 60
f1 (ppm

30

S41



L'6l
w._.N/

¥s'L L= T
vs'L =
[T (4 L2
95°} [
9L Z = 522
65°} [ Fa gz
19°) ot e.num
Z9°1L 0f S L= [ 8:74
£9'l o = 8'LE~
€61 ﬁ s e8e’
16'L . S
86'L 10g - hzoy
66'L [<E  _ SWwEl _
2 [ -2 = LopfS
00'Z {& |
el v [ e 209—
oN.N\ . <00 -
82z \ ~ ’
£V'Z [ N
vo'e 1022 [
me.mw [
e o | o
- A
2 < 0Z-S
15e 0t = [eoz SP6—
z6'E b ks
¥s'E [ e N 8901y
89'¢ WE Z'ezl
we 2 6121
18°¢ & 1'8zL
16°¢ | o ¥'8Z1
- '8z
- La . Z0EL-}
15°6— @} -— =660 92EL~
a el 7
S L - 0'9€}
o Lo
= £ i © yshL—
sT'L ¥ N
9z'L = | « ke
8T'L = <
[ )
0g'L m ol L2 VsoL—
zeL == . ;
gL ] = W_,o.h | w
151 R 860
e h; L= - 002
Sr'L Lo F2
ov'L
L] @ 5 L& -
oLl [
8Ll 0%
e Fo 1802 —
z 2 3
— | w
] =3

E 24 22 20 18
£1 (ppm)
80 70 60 50 40

90

100

110

1 (ppm)

140 130 120
S42

131

132
160

1 (ppm)

4]
100 MHz in CDCl;
136 135 134 133
00 190 180 170

13

138
210

220

30



06'L
'z
69°¢
e
vLe
vre
sre
cre
ore
e
8¢
8re
6LE
093¢
18
z9e
z9e
£9'¢
16¢
v6°¢
99'g
196
89'g
009
10'9
z09
vL9
sL9
919
L
8zL
6Z'L
6Z'L
0gL
0g'L
1L
£€L
seL
seL
9¢'L
8cL

or'L
WL
08'L
z8'L”
£0'8

mo.ww
20'8

W-Ts-11. 1. fid

4m
400 MHz in CDCl;

sl

e

0

6

3.8 3.7

3.9

{ppm)

—Z0'¢

-00'¢

mE:
102
z0'

*Fm.o

00'¢
oy
=002
£66'0

5.0

w

6.0

1 (ppm)

961~
8z

ey
m.wev
8zr

6°09—

£'66—
1901
m.w_.—/.
6°CHE
n.o_._.M
[A4:14]
m.wN—W
L3821
voEL--
_..Nn_.w
6'GEL
8'shl—

99—

6802 —

4m
100 MHz in CDCl;

130 129 128 127

131

133

134

137 136

138

1 (ppm)

210 200 190 180 170 160 5 140 130 120 l(UJ ) 100 90 80 70 60 50 40
1 (ppm

220

S43



8L —

vre—

19'¢
Oh.mV
06°€—
nm.m\
sy
Sy
8s'y
B85
€9
o'y
9%
89

Pe9—
8Z'L
0€L
L
el
€L

oL
Oh.h\
L
86°L
66°L
00’8

W-Ts-9. 1. fid

1 (ppm)

M b

4n
400 MHz in CDCl;

2 7.6
f1 (ppm)

v,

Ph

Ts
Me

5.0

w

6.0

1 (ppm)

S'6L~
81z

6'9e—

8'09—

§'802—

40

129 128
70 60 50

130

131
80

90

1 (ppm)

132

133
100

110
1 (ppm)

134

S44

120

136
130

137
140

4n
100 MHz in CDCl;
210 200 190 180 170 160

Ts
Me

220

30



G6°L
9€°T
8y~

e
ore>
Z0'p-
s’

LL
6L°L
zeL
zeL
€L
ve'L
ve'L
ve'L
9€°L
€L

W-Ts-1-1. 1. Tid

40
400 MHz in CDCl;

f1 (ppm)

~eoe
700°E
<10'e

*cc.w

20z
oL
o'
ooz
2102
JrNQ.N

=860

0.5 =l

0.0

L0

1.5

3.0 2.5

3.5

4.0

6.0

6.5

1 (ppm)

00z
c._&W
: %4

8'09—

2'66—

9L0L—
P
T3z
o9zl
c9zL
5821
m.mn%
05l
9zEl
o'gEL
655l
c'9EL
a'spL
zeoL—

£'802—

T T T T T T T T T T
137 136 135 134 133 132 131 130 129 128 127

T
138

100 MHz in CDCl;

f1 (ppm)

60

110

1 (ppm)

30

S45



v6'L—

14
hv.wv

sz'L
Z°L
6z'L
62'L
€L
Le'L
1e'L
ze'L
€€'L
ce'L
16714
TR
L
L

av]
bl
ov'L]
18°2
z8'L
€8'L
¥8°L
196

W-Ts-16. 1. fid

7.4 7.3 1.2 1.

7.5

11 (ppm)

SMe

H
4p
400 MHz in CDCl,

Ph

Ts
Me

2.5

3.0

£1 (opm)

9.0 85

9.5

0L
00z~
81z

8°09—

€66—

SL0L—
sozi
N.mN_./
£'8z1
S8zl
[ : 14
¥ 0EL
¢.Nm—\
0'€El
8's¢el
w.unr\
8'svl

€€l —

$'80Z—

10

20

30

40

60

70

110 100 90 80

f1 (ppm)

S46

120

150 140 130

SMe
160

170

Ts
Me
Ph H
4p
100 MHz in CDCl;
200 190 180

210

220

30



161 —

T

6ot
Nh.ﬂV
86—
oy
8T°L
8C°L
62°L
0gL
ve'L
ee'L
A 3
fA A
ve'L
05"t
95'L
1272
8E° LA
882~
£VL
L
Syl
e

ov'L
8L
€8°L
g8°L
G8°L
29'6—

W-Ts-18-1. 1. fid

Cl

400 MHz in CDCl;

7.2

7.3

—

-00°¢

—00°¢

[-ooz

(1o
86°'C

002
00y

=101

0.0

0.5

9.0 85

9.5

f1 (ppm)

002~
ENtAS

8°09—

ve6—

¥ L0L—
zzL
N.mn_/
£'8Z1
9821
6'8Z1
6'8Z1L
0’621
S'0EL
£zl
8'GEL
LIgL
&SPl
veoL—

9'802—

Cl

100 MHz in CDCl;

70

T T
140 130 110
f1 (ppm)

T
150

30

S47



66'L—

6v'ZT—

SL'E
wh.mﬂ
mw.nH
€0’y
wc.w.\

zL9
zL9
vL9
vL9
821
0£'2
ey
££°L
sl
5L
65'L
WL
gL
vL
oL
6L
1572
zLL
£LL
€22
8L

296

=

OMe

4r
400 MHz in CDCl;

—0'e

—00°¢

0L
~10e
0

=00}

pLoL
~66'L
-00°}
661

=680

0.5 =l

0.0

0.5

L0

1.5

3.0

3.5

6.0

6.5

7.5

8.0

1 (ppm)

661~
'z

£'65—
9°09—

£'802—

OMe

T T T T
131 130 129 128 12

fl (ppm)

132

100 MHz in CDCl;

60

110

1 (ppm)

30

S48



16—

Sv'T—

or'e
ere
L6~
oy’

oL'L
812
0z'L
L
vzl
0g' L
ze L
ve'L
se'L
8L
£ L]
sl
oL'L
zrL ]
o
v8'L
e
69'6—

W-Ts-19. 1. fid

86t

Br

4s
400 MHz in CDCl;

Me

Ts

.10

15

7.

730 7.25 .20 7T
f1 (ppm)

. 355_

7.40

.45

7.50

0.5 =l

0.0

0.5

L0

1.5

. 3.5 3.0
1 (ppm)

6.0

6.5

7.5

8.0

002~
8

L'09—

$'802—

W-Ts-19. 2. fid

10

124 123 122 121 120 119 118
70 60 40 30 20

125
f1 (ppm)
80

126
90

128 127
100

1 o
S49

129

130
120

200 190 180 170 160 150 140 130

100 MHz in CDCl;

Ts
Me'
210

220

30



20—~
€2
mn.NV\

SL't

wh.mV
L6'€7
oc.w\

ov'L]
€Ll
oLL
19'8—

W-Ts-20. 1. fid

4t
400 MHz in CDCl;

00’z

20% .

zZ0'¢

T
7.1
1 (ppm)

-
=

7.5

-00'€
00°¢
u\..w_.._.m

[y
HWS.N
2207
uﬁqm
1102
mm.m

=00}

-0.5

0.0

L0

1.5

6.0

6.5

7.5

8.0

9.5 9.0

10.0

1 (ppm)

8l
61—
g1z’

§09—

§'66—
oL
w..vw_./
8'szl
s9zL
[ 3:14]
(4147
5821
88zl
zogl
L0}
9LEL
o4
9'GEL
8'sel
g'shl
L'€9L—

180z —

Ts

Me:

H

Ph

4t
100 MHz in CDCl;

T
124

125

126

135 134 133 132 131 130 129 128 127
1 (ppm)

136

=

70

T T
140 130 110
f1 (ppm)

T
150

30

S50



vi'e—
62'¢—

L6'E
mm.mW
16°¢
oa.w\

W-Ts-10. 1. fid

S

Me

a

Ph

4u
400 MHz in CDCl,

7.2

7.3

£1 (ppm)

-66'2
=~00'¢

Ex4 k4

662
£86'
o1
~20Z

=00}
=€6'0

5.0

w

6.0

1 (ppm)

€61~
e

09—

€16
2901
szzl
o'veL
€621
8'L2)
3143
141
g8zt
6'8Z1
£'6zk
00€L-E
LIEL
9vEL
z'sElL
zehl—

e

€9l —

1’80z —

=

Me

a

Ph

4u
100 MHz in CDCl;

123 122 121

125 124

133 132 131 130 129 128 127 126

136 135 134

137

f1 (ppm)

=

60

110

1 (ppm)

30

S51



SLV—

ez
g8
evz/

09'¢
mw.mV
88—+
vee
e
s’y
AR 4
cop
ot
cov
S9'Y
197

L
ELL
SLL
L'L
€Tl
SZ'L

82'L
0g’L
Le'L
mm.h\

B8G°L
19°L

Nib o
[CR-R-1
© o~

W-Ts-30-F b3, 1

i
3.8

S5a
400 MHz in CDCl;

S

4

2.

3.7 3.62.5
1 (ppm)

5 4.4.0 3.9

4,

1.6

4.7

|
—
—
00t
g
86°C -
I .,..\wF
ﬂsm. b=
-
Lo
o
Z0E S

—00°¢

209
~86'C

[zoe

Fzoz

=+ 00
02
u_pmm.m
~86'L

=20}

5.0

w

6.0

1 (ppm)

S'er—

6°09—

Sve—

4901 —

T8zl
z8zk
'8zl
L6zt
€62}
6zl
vost
8'sel
6'SEl
8'9EL
616l
v'spl
€59 —

€807

e i

S5a
100 MHz in CDCl;

28.5

129.5 1

5

135.5 130.
f1 (ppm)

137.5

138.5

60

110

1 (ppm)

30

S52



160
£6°0
S6°0
85°L
66'L
191
£9'L
S9'L
290
SLL
se'z
@.NM
55T~
15T
65'Z

s9'¢
ww.mV
88°€—~
Nm.n\
14
s’y
sy
sy
9y
€9’y
S9'Y
19
(43
vl
vl
LL
€2'L
sT'L
0€L
LeL
[Ny
€L
6G°L
9L

(]
208
€0'8

W-Ts-28. 1. fid

"pr

5b
400 MHz in CDCl;

i

7.5

7.6
1 (ppm)

.7

=10€

0T
~66'C

s20'¢
--00'¢
00z

ﬁmm.—

Froz

SO
>86°1
eee
861

©86'0

5.0

w

6.0

1 (ppm)

6°El
c.m_,ﬂ
N.rNV
i 74
w.vu\

6L —
S'er—

S'P6—

8901 —

z8zl
€82t
9'821
9'8z1
€621
;NFN
zoel
25l
09€l
29€L
ey
vsrl
rs9L—

£'802—

5b
100 MHz in CDCl;

T T T T T
130.0 129.5 129.0 128.5 1280

T
130.5

T
135.5

T
136.5

T
137.5

f1 (ppm)

60

110

1 (ppm)

30

S53



e —

S —

SET~
vz

g9'¢
ww.mW
88°¢—~
_.m.m\
ev'y
304
€5’y
SS'Yy
29t
€9’y
SV
19

skl
L
vzl
9zL
LE'L
gL
seL—
65 L~
192/

00’8
—c.ww

W-Ts-37. L. figh
o

4

L

4.0

4.6

Sc
400 MHz in CDCl,

7.4

5

£1 (ppm)

ﬂ

£

i
it

-00'6

=20t

~66'2
ek

TU_U.N

T
4.0

1 (ppm)

4.5

Fzoz

=002
=661
m_fmm.m +
10z

=00°L [

9'6l
N.rNW
8’z
vie—
Lve—

S'er—

09—

Sv6—

u.ma_.
v.mN—/
4147
£'8Z1
14141
€621
§'6Ck
ToEL—
8'GEL
c.cm_,v.
8'9¢l
vSvl—
LIS —

¥soL—

80z —

Ts

Me

L

By

d
124.5

=
125.5

7 T T T
135.5 130.0 129.0 128.0

T
136. 5

r
137.5

Sc
100 MHz in CDCl,

£1 (ppm)

90

110

T T
200 190

T
210

1 (ppm)

S54



9Ll —

veT~
eveT

99°¢
mw.nk
08°€~.
88'€7
rm.m\
8’y
(44
3-8 4
Sy
09t
97
o'y
99’y

¥8'9
98’9
vl
9L
€L
SZL
gL
zeL
SE'L
65°L
1972
96°L
16°L

e )

W-Ts-29. 1. fid

5d

0]
A ON
H
$ 400 MH:
OMe

s

T
Me

z in CDCl;
2 o S
39 38 37 36
f1 (ppm)
|

1.7

2318

2.4

7.0 6.9 6.8

7.

=00'¢

~20°E
~00€

00}
-10¢
RooL

Fest

oz
-207
3661

96E
“z0z
/680

5.0

w

6.0

1 (ppm)

9'61
N._‘NW
81z

S'er—

e —
09—

96—

¥'90L—

§5b
N.mN_./
T8zl
€621
o'ogL
Z'ogl
'sEl
0’951
w.mmF\
14141
651~
S'69L—

o
©
o
T

W-Ts-29. 2. fid

OMe

5d
100 MHz in CDCl;

128.0 127.5 127.0

128.5

130. 5 130.0 129.5

131.0

129.0
1 (ppm)

60

110

1 (ppm)

30

S55



8L —

LA
eveT

19t
Oh.nV
88'¢~
—a.m\
er'y
v’y

W-Ts-32. 1. fid

] H s MML

400 MHz in

S 5

3.62.5 2.4

¥

A T
3.8 3.7

3.9

B
—
———
e
"
<
20 S
66"
0Z
0z~
0¢ .3
"
"
107 -

=00

< 10'E
~00't

[zoz

Fooz

207
UTE
200
2107

0T
oz
=680

5.0

w

6.0

1 (ppm)

§'6L
N.vNW
81z

9er—

8°09—

1'66—
6'501
€51
SSLL
z'8zl
v'ezL
v'ezh
£'6Z1
zogl
m.cﬂw
9081
L'SEL
2'5EL
6'9€L \
SSPhL
€191
2'€9L—
1’5917

Se
100 MHz in CDCl;

127.5

T
129.5 128,

130.0

128.0

5

129.0

130.5

.0

131

£l (ppm)

60

110

1 (ppm)

30

S56



6L’ —

veT~
eve”

19°€
Oh.nV
68°€—~
Nm.m\.
8’y
(a4
384
€5’y
[3:8 4
9
o'y
99’y
SLL
LiL
€TL
ve'L
SZ'L
0€L
ze'L
gL
el
SEL
1€°L
6G°L
9L
s0'8
108
80'8

W-Ts-33. 1. fid

Ts

Me:

5f

400 MHz in

cpal, L
e I e - O ,J,UL

Gli~
i
£ZL

vz L
mm.m/
NH...../
€6 L~
vee
w’

65°L~

i LWL

50'8
08—
808"

o &

=3

7

3.9 3.8 3.7 3.6 25 2.4 2.3.9 LB

4.4

f1 (ppm)

—00'¢

66T
~0e

[es1

Feoz

5.0

w

6.0

1 (ppm)

561
n.vNW
81z

9er—

L2'09—

§'G6—

8'60L—
6921
3143
z'ezL
4821
'6cl
0.mN_.W
zogl
zyel
v'yeL
L'SEL
8'GEL
6°9¢l
9'shL
L'y9l—

£'802—

Ts

Me:

Br

T T T T T T T
132 131 130 129 128 127 126

f1 (ppm)

T
133

T T
136 135 134

T
137

T
138

5f
100 MHz in CDCl;

60

110

1 (ppm)

30

S57



8L —

veT~
e

99'€
E.mw
88
S.m\
'y
44
ISy
F4n4
09'%
190
£9'%
S9p
L
9L'L
vl
9z'L
2Z'L
62°L1
0g°L

€L V
WL
LS

9L
€08
vo.ww.
90'8

W-Ts-34. 1. fid

AN

Is

0o

Me'

o

|

Sg

400 MHz in CDCl;

Cl

b

-

3.9 3.8

3.6 2.5 2.4 23

3.7
f1 (ppm)

4.4

I,

1 (ppm)

-00°¢

~20'¢
~00'¢

[e1

Fioz

/66°)
=00'9
202
2oz

=660

5.0

w

6.0

1 (ppm)

561
n.rNW
8z

9er—

L2'09—

66—
601
vzel
z'8zL
6zl
zoek
0L
SLEL
SIEL
L'SEL
8'6EL
m.um—.\.
oSrL—

vl —

807 —

Cl

Sg
100 MHz in CDCl,

133

131 130 129 128 127

132

f1 (ppm)

136 135 134

137

60

110

1 (ppm)

30

S58



9L’ —

SET~
j2 A

£9°¢

no.nW
88—
16/
1wy
6’y
15y
5y
197
z9y
LER
Y
90°L
60°L
oL
WL
ziL
skl
__.E;W
vZ'L
2Z'L
5L
€€l
6€°L

oL —
WL

5h
400 MHz in CDCl;

=00'¢

~00°E
e -

ﬁmm._.

Fooz

00s -
mme.a
102
MS.F r

661
=6L0F

5
1 (ppm)

5.0

w

6.0

n.mr/
£z
g1z’

Ley—

609
0'F6
001
L'S1L
651
0zl
R
g'Lz1
'8zl
ggzi]
£6Z1
§'6z1
86z}
6621
zoel
91El
91EE
8'SEL
m.mﬂw
g'9gl
SsvL—

0651~
oL —
2415

L'602—

Sh
100 MHz in CDCl;

116

T T
136 132

T
137

f1 (ppm)

60

110

1 (ppm)

30

S59



8s')
09'L
19}
19'L
z9'L
vl
s9'L
69'L
S.NP
e
evey|
Lz
8Lz
££Z
o'z
e
vz
vz
8g°e
zot
v~
e/
vy
sv'y
'y
6y
€5y
vy
95y
85y

zz'9
..N.mv
vz'9
L
yI'L
vZ'L
ozs L
gz’
151
o5/,
18°L
z8'L
v8'L

W-Ts-38. 1. fid

Ts
Me

L]

LA

o

]

400 MHz in CDCl, M
| wee O p

5.0

w

6.0

1 (ppm)

00z
Z'ie
81z
0zz
h.ww\
092
[k
£ey—

-

0'pe—

L'601L—
3143
€8zt
L4141
9821
€6zl
€621
9621
Logl
8'sel
0°9€L
L'9€L
€Skl
6oL —

9902 —

110 100 90 80 70 60 50 40

1 (ppm)

S60

130

140

100 MHz in CDCl;

129, 128, 6

f1 (ppm)

130.0 129.6
190 180 170 160

130. 4

200

Ts
Me
210

220

30



89°)
69°)
481
06°L
26'L
€e'T
ve'e
w'e
€5°E

W-Ts-Z. 1. fid

Cl

400 MHz in CDCl;

867
z0T
o
0§ .
[[wie
z
£

35

—86'C
=20¢

= 20'¢
~10'S

=002
Fooz

Froz

102
oy
»20°Z
L)

5.0

w

6.0

1 (ppm)

o6l
ziz+
il
81z
vez/
goe’

SEP
vr

Pi9—

0've—
L'20L—

[4:14]
'8zl
£'6Z1
6621
zoek
6'SEL
_..wn_.W
8'9¢€l
1

8'691—

Vioz—

100 MHz in CDCl;

128

127

138 137 136 135 134 133 132 131 130 129
f1 (ppm)

139

130 120 110 100 90 80 70 60 50 40
1 (ppm)

140

220 210 200 190 180 170 160

30

S61



L1 —

vee—

89°¢
_:n.mV
L6'E—~
em.n\.
s’y
30 4
€5y
ss'y
9y

Sk
400 MHz in CDCl;

° L=
N
©

[es
~ &
[ e
oot
0T =
EY
[es
[o
<+
P
0
[
©
-
[~
-

~10'€

=00'€

[zoz

Fzoz

86k
ms.m
Loz
66t
Az0')
3202

560

L5 1.0 0.5 0.0

2.0

5.0

w

6.0

1 (ppm)

6L~
€

9ty —

6°09—

96—

6901 —
[3: 147
€8zl
S8zl
8'8¢lL
ezl
o.mw_.w
S'ZEL
£rel
6'GEL
6'9¢l
'8¢l

691 —

§'802—

T T
128.5 128.0
1 (ppm)

T
129.0

T
129.5

T
130.0

100 MHz in CDCl;

90

110

T T
140 130

T
150

1 (ppm)

S62



18—

seeT—

69t
zre
06'€E—
g6c/
vy
Wy

sy
€9
89’y

€L
SK'L
v
821
62'L
Le'L
'L
26 L
9g'L
162

ggL

-]

@

~
=

|

S

5
400 MHz in CDCl;

2

<

o«

f1 (ppm)

4440 3.9 3.8 37 3.6

4.7 4.6 4.5

-00°¢

=10e

*EN

[ooz

=002
120
memm.ﬂ
~86')
~86'0

1 (ppm)

961~
Tz

9ty —

8°09—

€r6—

0'L0L—

z'8zl
(4147
g8zl
4821
6zl
L'62ZL
8621
oA
8'sel
0°LEL
Livl

0'S9L—

¥'802—

100 MHz in CDCl;

128.0 127.5

128.5

130.0 129.5

130.5

129.0
£1 (ppm)

60

110

1 (ppm)

30

S63



28—

Se€'T—

69°€
Nh.mV.
68°€~
mm.m\
Sy
mv.vV‘.
vy
s’y
€9y
o't
9’y
89'v

SL'L
VL
8Z'L
6Z'L1
1€°L
€€°L
¥E'L
9€'L)
9¢°L
seLf
8c'L
¥S'L
6L°L]

18°L

W-Ts-4Br. 1. Tid

Sm

O
a
Q
=

N
=
-
o
S
=

3.6

3.8

f1 (ppm)

f1 (ppm)

-00'¢

—00'¢

ooz

ooz

~10T
ﬂ Lo's

102
ooy
ZoL

5.0

w

6.0

1 (ppm)

96k~
T

9er—

8'09—

Pre—

LL0L—
(4147
(4141
g8t
1'8Z1
v'6zL—:
L'62)
m.Nm_‘\
6°Z¢elL
g'selL
0°LEL
SLEL

0591 —

802 —

Sm
100 MHz in CDCl;

T 1 T T T T
138 137 136 135 134 133 132 131 130 129 128 127
1 (ppm)

T
139

60

110

1 (ppm)

30

S64



S0l
hc.rW
60"}

861 —
W'z
19z
29T

6EY

Le'L
€EL
ve'L
9€°L
8e'L
L
mv.hw
9L
8L
8L
6L
16°L
Lo's
€0'8

[

L

@
|

W-Ts=3w. 1. fid

6a

400 MHz in CDCl; M
Loy hh !
rﬂ o 2(5 2. 1"5

Ts
Me

£1 {ppm)

T

a
a2

7

=209

—10'e

-00'¢
=207
=10Z

ok
~Z0l
102

00’k
ME;

202
~00Z
“zoy

=00'L

-0.5

0.0

0.5

L0

1.5

3.0

3.5

6.0

6.5

9.5 9.0

10.0

1 (ppm)

e
10z
61z~

[1R:1 2
Lis—
L'09~
ve9—

9'66—

SL0L—
€6k

55T
32/
q.uﬁw
9821
o.mwe\
S0El
605k
£ZE
g'sel
zevl
oovi
g9k~
5991

1802 —

Ts

6a
100 MHz in CDCl;

128.5

130. 0

T
131

127.5

128.0

129.0

129.5

130.5

131.0

5

1 (ppm)

60

110

1 (ppm)

T
210

T
220

S65



Lo'e—

Lyz—

69°E

nh.nV
16°'€—~
oo.#\

0gL
€L
L
el
€L
ve'L
5L
281
6gL
WL
erL
L
£9'L
59'2
99,
€Ll
vLL
18°L
£8'L
10°8
£0'8
60’8
g
166—

W-Ts-2w. 1. fid

N
2.0

T
2.2

2.4

2.6

2.8

T
3.0

f1 (ppm)

2

3

3.4

3.6

A
3.8

4.0

6b
400 MHz in CDCl;

66

Me

Ts

o0
ST
7.7

7.8

7.9

f1 (ppm) :

—00'¢

-00°¢

Fros

=Z0'}

0.0

0.5

Lo

£1 (ppm)

oz~
6’1z

Lys—
L09—

866 —
€L0L—

relLL—
78zl
5°8Z1~
9'8z1
'8zl
662}
50gl
ozeLf .

o'cel 7\
g'eEl \OKYW

o'reL s -

L'SEL
8'LEL
LEpL
1'9vL
L8yl
6'€91L ZT

8'802— 2 2

6b
100 MHz in CDCl;

140

1 (ppm)
210 200 190 180 170 160 5 140 130 120 1(10 ) 100 90 80 70 60 50 40
1 (ppm

220

30



oz
20T
6E'C
ov'e
Sv'e
W'z
oL'e
e
€L'E
vLE
86°¢
66°€
118 4
[l 4

9l'9—
6Z'L
0€L

9¢g°L

el

400 MHz in CDCl;

7.3

1 (ppm)

=00'¢
e
N 10'e

ch.ﬂ

=00'L

00’
de

W't
~g6'Z
“ioL

=00}

1 (ppm)

el
10z
g1z’

L'09—

2'56—
€401
9201
£El
o.o:W
(X1
VST
[ATAN
'8zl
9'8ZL
6'9Z1
vock
1zel
L'SEL
vyl
09vk
€251
vosh
viok
2591

e

8'802—

0

Me’

H

Ph

LJMLJLLJL

6¢
100 MHz in CDCl;

116

T

125

107

113 108

130 129 128

131

1 (ppm)

60

110

1 (ppm)

30

S67



L
6l
15°4
S6'L
86')
107
€Lz
vz
91z
11T
62'Z
£9°Z
99°Z
vz
17
¥ee
9g's
13>
sc'e
ov'E
99'¢
19°¢
89'¢
69'€
L
98'¢—
68'¢
z6'¢
96°¢
16°¢
10y
91v]
8Ly
0z
wy
16'9
66'9
102
L
erL
[
9Z'L
8z'L
0€° L
ze'L
€€'L
ec'L

l=—r—— —

peh M @ML J.L

u N
/\O\)

40

|
N
H

4

Me

Ph

6d

400 MHz in

&
e

see =5

=

1 (ppm)

8.48.3828180797.8777.675747.37271T70

5

8.6 8.5

f1 (ppm)

=00'¢

=0’
=20
~00'¢

Fioz

0L
~20T
=20’
=20'}
N0z
20z

10z
o0z
T
M:_.m

20l
oz
-0z
~00'}
=00}

5.0

w

6.0

1 (ppm)

L'y~
€6k~
e

vey—

625~
0'95—
Z'09~
529"
559
1'99
SvL”
086
2101
6901
vl
LS
€51
i |
1’8zt
$'9zL
59zl
9'8zL
821
1'6zL
0'0gl
9’08l
L0gL
vIEL
0'zel
1zel
1zel
zzel
egel
£'5el
6'LEL
1Syl
5951
0’191
€9l
v'gol
2591

—

¥'802—

6d
100 MHz in CDCl;

n

I

—
145
f1 (ppm)

T
160

L&

i

60

110

1 (ppm)

T
210

T
220

S68



€8’ —
Wre—

We
£red
sie’
L9°e

yog
Gl'E
e
8Lt
o8¢
18
va'e
80°2
or'L
A2
912
812
0z'L
L
vzl
sz'1

W-Ts-SA. 1. fid

H

|y,

6e
400 MHz in CDCl;

1 (ppm)

—00°¢

—66'C

=002

=10’
=10

(44
mTc._.
766°L

66°L
66'C
00'tL
0o0'e
=66'0

5.0

w

6.0

1 (ppm)

§'6k~
8z
€5

Sov—

8'09—

L'v6
8901
THH
veEr
L'6LL R
Vel
ozzL
zeel
gLzLy
0'8ZL |
'8zl
L& A%

88zt f
zogL-~:
9ZeL—
6'GELT
v.wm_‘\y
14

7691 —

z'80z—

@)
a
Q
=
L =
e N
=
>
(=3
(=)
—
I
7 =z
ﬁ/\
=
ZL
o
&
e 3

o L

123 22 120 119 118

28

130 129
1 (ppm)

132

133

60

110

1 (ppm)

30

S69



Wwe
EV'E
Sv'e
ov'E
95°¢
6G'E
6L'E
8¢
89

$8'91

880
88’9
96'9
869
vl
9L'L
LVL
6LL
0€'L
0€L
zeL
ZEL
FE'L

=

\r—

6f
400 MHz in CDCl;

3.7

3.8

=109 o
~e0El
—S0'¢
<L -
~zoz| -
—86'C

Feoe
e =

=202
66z
fz0z
0L
AZOLE S
“zoL
=~00'L

=66'L
AR
202
Z07
=20') [
~20'C

1 (ppm)

h.m:
a8l
68l
L'6L
L'61
§'61
8’z
|3 LA\
€62

e.mNV
L'og
z'0e
G'Ee
z'9¢
€9¢
S°LE
§'LE
9'Le ﬁ

—

)

<t
w
=
-
——

02—

W-Ts-THZgnyA AEFE. 2.

6f
100 MHz in CDCl;

35
1 (ppm)

20

)

30

il

140 135 130 125
£l (ppm)

145

150

90

110

T T
150 140

T
160

T T
200 190

T
210

1 (ppm)

S70



80
980
160
260
0L
€0'}
LIV
90'e
sz'eT
s2'¢T
9eT
122
82'¢
8e'e
€T
og'e
ov'e
ev'e
89°¢
oL'e
zL'e
eL'e
aL'e
69'¢
z6°e
€6°E
16°€
€SP
SS'v
sSSP
1S
85’y
65
[2:24

€L
ve'L
sT'L
9z'L
9z'L
2L
82'L
6e'L
gL
ve'L
Se'L
9€°L
9g’L
69°L
WL
8L'L
08°L

Sdo
N ©
~~

Desktop. 1. &

N

r

7

]

6g

dr=2
400 MHz in CDCl;

3

66'L
~00z|
665

861

00
M\B.F
520T
gl

99°0 |

99°0

M 10's
L9}
).No.m -
Mww.c

99'2
.,.wo._.

0.5 =

0.0

1.5

2.0

6.0

6.5

f1 (ppm)

8L
'8l
98l
161
z6l
<6l
56k
EREAN

u.on
m.cmw
Sle

0'es
L'es
L'es

[3:
S'8
o.man
09
909

066
«.mm/
z'90L

901
14:14]
'8zl
9'8Z1L
9821
Logl
z0el
veel
gzel
8'sel
c.un_.W
£'shl
_v.mw_.v

SISk~
9’591
9’591
szl
9zLL
ovLL.

z'802
m.mcuv.

3

dr=2
100 MHz in CDCl;

»

70

T T T
150 140 130 110
1 (ppm)

T
160

30

S71



OONOMOUTONNMNOWTOMDMNOWS
OOROCOVOVWOVOULLLWLLSE TS
bt il i o ol I i i i e i

6h
dr=1

1

400 MHz in CDCl;

L'y
k Loy
#00'8
-86'C
00°L
o't
€0’
vo'e
00°¢

20l
0y
. 60¢
'L
co'L
=20'C

0.5 =

0.0

1.5 L0

2.0

f1 (ppm)

€66
901
90l
0’8z
0821
[4: 147
'8zl
v'8zi
9821
4821
'8zl
zoek
€oel
veel
L'SEL
L'oglL
L4140
§'SPL
¥ LGL
S'69L
§'59L
0Ll
LeLL
[4 711
€802
§'802

|

N
H 0
11
CDCl,
I

19
0

6h

dr=1
100 MHz in

20

30

70

T T T
150 140 130 110
f1 (ppm)

T
160

30

S72



LV
8L
ozl
S6°L

oz'e

SP'e

85°¢E
S9°¢
89°¢
Sl'e
LLe
8L
08'e
FA R4
€0y
Yo'y
S0y
99
9%
891
WLy
Ly
vi'y
08y
8P~
8’
3k
00°L
00°L
oL
0L

-

400 MHz in CDCl;

—€0°¢

662
—00'¢
~€0'¢

508
~z0T
66l
N Tix4

Fiov

=0’k

=0.5

0.0

L0

1.5

7.5 7.0 6.5 6.0

8.0

f1 (ppm)

RN
€6l

pheps
g1z/

028
668~
108

265

609 \
z'89 (
60.

5'b6
zioL

S0l

2901
09zt
6921
€121
18z
1821
8zl
1821
1821
1621
L6zl
g0l
siEl
zzel
vzel
ggeL’
0SPh
S'syl

w.mv%

ol

1’991
m.hpr
3110

$'80Z—

100 MHz in CDCl;

70

T T T
150 140 130 110
1 (ppm)

T
160

30

S73



0L’V —

12~
£’

99°E
69°E
6LE~
€8¢
88°E

Sk'y

60°L
L
zvL
vLL
vZL
9L
6L
ovLy
NE\
vl
orL
L
L
e Ty
Ty

0

N /a\

400 MHz in CDCl;

Ph

A
Br

SN

> == o =]

T T T T

3.2

3.4

8

L

2.2 2.0

4

2

3.0 2.8 2.6

£l (ppm)

3.6

3.8

7.3

7.6

£1 (ppm)

—00'¢

=209

== hgzpy

NM Koz
) et

T
4.0

1 (ppm)

4.5

o NP

00
‘oz
et
©66'€

iz~
e’
gez’
562

£05—

89—

9'98—

€Lzl
(4141
€8zl
0’6zl
€6zl
9'6Z1L
Logl
zeel
m.man
L'9gL
€LEL
§LEL
o'syL—

LG —

100 MHz in CDCl;

T T T
128 127 126

T
129

T
130

f1 (ppm)

e
133

WMMM\.W\.AJW et
T T T
138 137 136

o)

1 (ppm)

S74



69°'L—

ez
Nn.wv

S9'E
ow.m/
oh.mur

08°€
€8¢
v8'e
0%
Iy

ovL
vZ'L
9L
6L
ov'L
WLy
L
vl
19'2
z9L
9L

-7 )
2L

N

W-Ts-Ry

= 2

w1

400 MHz in CDCl;

Ph

0

3.6 3.5
f1 (ppm)

4.0 3.9 3.8 3.7

4.

4.2

7.5

r1 (ppm

—00'¢

=109

=20°1
02
» L0}

~20'Y
=002
=20'¢
=20'C
=202

5

Tz~
e’
652"
56z

£05—

§29—

1 (ppm)

1'88—

oLl —
€ L2
[4:747
€82k
062k~
£'6Z1L
9'6Z1L
LogL
LIl
69l
S'LEL
Lovi
0'syl

p8sL—

Ph

0
N Jf\
Vi

100 MHz in CDCl;

Ts

T
128.0

T
129.5  129.0

T
130. 0

T
128.5
1 (ppm)

1 (ppm)

S75



18T
oh.u/
Nh.ww
£LT
srz’
PLE
9L'e
L1

eey—

Nm.m
Qm.mW
96'G

LVL~
o0zL”
1WA
€91

W-Ts-Ra. 1. fid

Ts

10
400 MHz in CDCl;

=10
=002

=00'C

=00'C

=86'0

=20°L

=661

f1 (ppm)

ev—

Le—

zeeE—

85—

w.mwr
m.hmv#
L4 14]
m.uw_.w.
2621
€0€l
09€l
m.am«.\

h.uvr\
8'vhl

Ts

10
100 MHz in CDCl;

50

70

T
80
f1 (ppm)

90

110

S76



