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1. General Information

All reagents and solvents were purchased from TCI, Sigma-Aldrich, Alfa Aesar, Acros
and Meryer. All reactions were conducted using standard Schlenk techniques. Column
chromatography was performed using EM silica gel 60 (300—-400 mesh). *H NMR and
13C NMR spectra were measured on a 500 MHz Bruker AVANCE spectrometer (500
MHz for 'H, 125 MHz for 12C), using CDCls as the solvent with tetramethylsilane
(TMS) as the internal standard at room temperature. Chemical shifts were reported in
ppm. *H NMR spectra were referenced to CDCls (7.26 ppm), and *C-NMR spectra
were referenced to CDCls (77.0 ppm) spectra were referenced to CDClz. Peak
multiplicities were designated by the following abbreviations: s, singlet; d, doublet; t,
triplet; m, multiplet. Chemical shifts are given in J relative to TMS, the coupling
constants J are given in Hz. Analysis of crude reaction mixture was done on the Varian
4000 GC/MS and Agilent 7890A/5975C. High-resolution mass spectra were recorded
on a micrOTOF-Q 11 10410 mass spectrometer. Unless otherwise noted, all reagents

and solvents were obtained commercially and used without further purification.

2. General Experimental Procedures
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Scheme S1
A 10 mL pressure tube equipped with a stir bar was charged with aldehyde (0.30
mmol), alkyne (0.45 mmol), Co(acac)s (5.4 mg, 0.015 mmol), dppp (12.3 mg, 0.03
mmol), AlIMes (2.0 M in hexane, 0.09 mmol) and mesitylene (1.5 mL). The reaction
mixture was stirred in a heating mantle preheated to 160 <C under N2 atmosphere for 5
h. Upon cooling to room temperature, the reaction mixture was diluted with Ethyl
acetate. The organic solution was purified by flash chromatography on silica gel to

afford the desired product.



3. Screening of Solvent

Table S1. Screening of solvent

0 Co(acac)s (5 mol%) Q

©)\H . Bu—— gy dppp (10 mol"/:) WBU
AlMe (30 mol%) Bu
) ) solvent, T (°C), N, 5
entry solvent T(°C) yield (%)

1 cyclohexane 120 28
2 heptane 120 30
3 toluene 120 62
4 mesitylene 120 60
5 DCE 120 trace
6 THF 120 33
7 dioxane 120 21
8 heptane 160 49
9 toluene 160 57
10 mesitylene 160 82

Reaction conditions: 1 (0.3 mmol), 2 (0.45 mmol), Co(acac)z (5 mol%), dppp (10
mol%), AlMez (30 mol%), solvent (1.5 mL), N2 atmosphere, 5 h, isolated yield.

4. Mechanistic Experiments

a) Kinetic Isotope Effect (KIE) Experiments
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Scheme S2

Individual reactions of 55 (0.2 mmol) and 55-d (0.2 mmol) with 2 (0.3 mmol) were

set up side by side according to the general procedure in the presence of 1,2-
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diphenylethyne as an internal standard for GC analysis. The progress of each reaction
was monitored by GC analysis of periodically taken aliquots (0-5 min). The results of

this experiment are summarized in Table S1/Figure S1. From the thus determined initial

rates, the H/D KIE was calculated to be 3.2.

Table S2. Progress of individual reactions of 55 and 55-d with 2

t/min 1 2 3 4 5
Yield of 4/% 0.51 1.22 2.05 3.1 41
Yield of 4-d/% 0.21 0.45 0.67 0.99 1.37

Figure S1. Plot of yield (%) against reaction time
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b) Intermolecular Competition Reaction
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The reaction of an equimolar mixture of 55 (0.2 mmol) and 55-d (0.2 mmol) with 2

(0.6 mmol) was performed according to the general procedure. The overall yield was

determined by GC analysis of the crude product using 1,2-diphenylethyne as an internal

standard.



5. Characterization of Products in Details
(E)-2-butyl-1-phenylhept-2-en-1-one (3)®!
(@]

= "Bu
"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (60.0 mg, 82%). *H NMR (500 MHz, CDCls) § 7.64 (d, J =
7.0 Hz, 2H), 7.48 (t, J = 7.0 Hz, 1H), 7.42-7.36 (m, 2H), 6.18 (t, J = 7.5 Hz, 1H), 2.48
(t, J=7.0 Hz, 2H), 2.28 (q, J = 7.5 Hz, 2H), 1.44-1.30 (m, 8H), 0.95-0.86 (m, 6H); 13C
NMR (125 MHz, CDClz) 6 198.9, 145.6, 141.2, 139.0, 131.3, 129.3, 127.9, 31.1, 31.0,
28.5,26.4,22.7,22.4,13.9, 13.8.

(E)-2-butyl-1-(p-tolyl)hept-2-en-1-one (4)
0
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"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (65.8 mg, 85%). *H NMR (500 MHz, CDCls) § 7.57 (d, J =
8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 6.14 (t, = 7.5 Hz, 1H), 2.47 (t, J = 7.5 Hz, 2H),
2.39 (s, 3H), 2.27 (9, = 7.5 Hz, 2H), 1.44-1.32 (m, 8H), 0.93-0.88 (m, 6H); 13C NMR
(125 MHz, CDCls) 6 198.7, 144.5, 142.0, 141.2, 136.2, 129.6, 128.6, 31.2, 31.1, 28.4,
26.6, 22.8, 22.5, 21.4, 13.9, 13.8. HRMS: (ESI) calculated for C1gH260Na [M+Na]"
281.1882, found 281.1887.

(E)-2-butyl-1-(4-(tert-butyl)phenyl)hept-2-en-1-one (5)
o)

= "By
y "Bu
Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (66.6 mg, 74%). 'H NMR (500 MHz, CDCls) § 7.64-7.61 (m,
2H), 7.45-7.41 (m, 2H), 6.20-6.16 (m, 1H), 2.49-2.45 (m, 2H), 2.29-2.26 (m, 2H), 1.41-
1.33 (m, 17H), 0.93-0.90 (m, 6H); *C NMR (125 MHz, CDCls) 4 198.7, 155.0, 144.5,
141.1, 136.1, 129.4, 124.9, 34.9, 31.2, 31.1, 31.0, 28.5, 26.6, 22.8, 22.5, 14.0, 13.9.
HRMS: (ESI) calculated for C21H3,ONa [M+Na]* 323.2351, found 323.2355.

(E)-1-([1,1*-biphenyl]-4-yl)-2-butylhept-2-en-1-one ()
0]

~ "By
"Bu
Ph



Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (68.2 mg, 71%). *H NMR (500 MHz, CDCls) § 7.76 (d, J =
8.0 Hz, 2H), 7.67-7.62 (m, 4H), 7.47 (t, J = 7.5 Hz, 2H), 7.39 (t, J = 7.5 Hz, 1H), 6.25
(t,J=7.5Hz, 1H), 2.52 (t, J = 7.5 Hz, 2H), 2.32 (q, J = 7.5 Hz, 2H), 1.50-1.35 (m, 8H),
0.98-0.91 (m, 6H); 13C NMR (125 MHz, CDCls) & 198.6, 145.2, 144.2, 141.3, 140.1,
137.7, 130.0, 128.9, 127.9, 127.2, 126.7, 31.2, 31.1, 28.5, 26.6, 22.8, 22.5, 14.0, 13.9.
HRMS: (ESI) calculated for C23H200 [M+H]* 321.2213, found 321.2218.

(E)-2-butyl-1-(4-fluorophenyl)hept-2-en-1-one (7)
0

/©)‘\/\n8lj
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (63.7 mg, 81%). 'H NMR (400 MHz, CDCls) § 7.70-7.65 (m,
2H), 7.12-7.05 (m, 2H), 6.13 (t, J = 7.5 Hz, 1H), 2.49-2.43 (m, 2H), 2.31-2.24 (m, 2H),
1.42-1.34 (m, 8H), 0.93-0.88 (m, 6H); *C NMR (125 MHz, CDClIs) 6 197.5, 164.8 (d,
J =250.0 Hz), 145.0, 141.2, 135.2 (d, J = 2.5 Hz), 131.8 (d, J = 8.8 Hz), 115.1 (d, J =
21.3 Hz), 31.2, 31.1, 28.5, 26.6, 22.8, 22.5, 13.9, 13.8. HRMS: (ESI) calculated for
Ci17H230FNa [M+Na]* 285.1631, found 285.1636.

methyl (E)-4-(2-butylhept-2-enoyl)benzoate (8)
o]

=~ "By
"By
MGOQC

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (34.4 mg, 38%). *H NMR (400 MHz, CDCls) § 8.07 (d, J =
8.0 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 6.18 (t, J = 7.2 Hz, 1H), 3.94 (s, 3H), 2.49-2.44
(m, 2H), 2.32-2.26 (m, 2H), 1.41-1.31 (m, 8H), 0.95-0.88 (m, 6H); *C NMR (125 MHz,
CDCls) 6 198.2, 166.5, 147.5, 143.2, 141.4, 132.3, 129.3, 129.0, 52.3, 31.2, 31.0, 28.7,
26.2, 22.8, 22.5, 14.0, 13.9. HRMS: (ESI) calculated for CigH2603Na [M+Na]"
325.1780, found 325.1789.

(E)-2-butyl-1-(4-methoxyphenyl)hept-2-en-1-one (12)
o)

W "Bu
"By
MeO

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (73.1 mg, 89%). *H NMR (400 MHz, CDCls) § 7.69 (d, J =
8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.08 (t, J = 7.2 Hz, 1H), 3.85 (s, 3H), 2.46 (t,J =
7.2 Hz, 2H), 2.30-2.23 (m, 2H), 1.41-1.33 (m, 8H), 0.92-0.87 (m, 6H); 3C NMR (125
MHz, CDCl3) 6 198.0, 162.5, 143.1, 141.1, 131.7, 131.4, 113.3,55.4, 31.2, 31.1, 28.3,

6



26.9, 22.8, 22,5, 13.9, 13.8. HRMS: (ESI) calculated for CigH2602Na [M+Na]"
297.1831, found 297.1847.

(E)-2-butyl-1-(4-phenoxyphenyl)hept-2-en-1-one (13)
o)

W "B
n

B

PhO .

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (85.6 mg, 85%). *H NMR (400 MHz, CDCls) § 7.71-7.66 (m,
2H), 7.41-7.35 (m, 2H), 7.19-7.15 (m, 1H), 7.08-7.05 (m, 2H), 6.99-6.96 (m, 2H), 6.15
(t, J=7.2 Hz, 1H), 2.50-2.45 (m, 2H), 2.31-2.24 (m, 2H), 1.43-1.34 (m, 8H), 0.94-0.90
(m, 6H); 3C NMR (125 MHz, CDCls) § 197.8, 160.8, 155.9, 143.9, 141.2, 133.4, 131.7,
129.9, 124.3, 120.0, 117.1, 31.2, 31.1, 28.5, 26.8, 22.8, 22.6, 14.0, 13.9. HRMS: (ESI)
calculated for C23H2s02Na [M+Na]* 359.1987, found 359.1991.

(E)-1-(4-(benzyloxy)phenyl)-2-butylhept-2-en-1-one (14)
o)
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n
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (78.7mg, 75%). *H NMR (500 MHz, CDCl3)  7.72 (d, J = 8.5
Hz, 2H), 7.46-7.37 (m, 4H), 7.36-7.32 (m, 1H), 7.00 (d, J = 9.0 Hz, 2H), 6.12 (t, J =
7.5 Hz, 1H), 2.50 (t, J = 7.0 Hz, 2H), 2.29 (q, J = 7.5 Hz, 2H), 1.45-1.35 (m, 8H), 0.96-
0.91 (m, 6H); *C NMR (125 MHz, CDCls) 6 197.8, 161.7, 143.1, 141.1, 136.3, 131.7,
1315, 128.6, 128.1, 127.4, 114.1, 70.0, 31.2, 31.1, 28.3, 26.8, 22.7, 22.5, 13.9, 13.8.
HRMS: (ESI) calculated for C24H3002Na [M+Na]* 373.2144, found 373.2145.

(E)-2-butyl-1-(4-(trifluoromethoxy)phenyl)hept-2-en-1-one (15)
0

W 8.
n

B
F4CO !

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (83.6 mg, 85%). *H NMR (500 MHz, CDCls) 6 7.73-7.67 (m,
2H), 7.28-7.22 (m, 2H), 6.18 (t, J = 8.0 Hz, 1H), 2.51-2.44 (m, 2H), 2.33-2.26 (m, 2H),
1.45-1.32 (m, 8H), 0.95-0.89 (m, 6H); 3C NMR (125 MHz, CDCls) 6 197.4, 151.5,
151.4 146.0, 141.2, 137.4, 131.1, 120.1, 31.2, 31.1, 28.6, 26.5, 22.8, 22.5, 13.9, 13.8.
HRMS: (ESI) calculated for C1gH2402F3 [M+H]* 329.1723, found 329.1727.

(E)-2-butyl-1-(4-(methylthio)phenyl)hept-2-en-1-one (16)
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (73.9 mg, 85%). *H NMR (400 MHz, CDCls) § 7.60 (d, J =
6.0 Hz, 2H), 7.22 (d, J = 6.4 Hz, 2H), 6.12 (t, J = 6.0 Hz, 1H), 2.49 (s, 3H), 2.48-2.43
(m, 2H), 2.29-2.23 (m, 2H), 1.41-1.31 (m, 8H), 0.93-0.87 (m, 6H); *C NMR (125 MHz,
CDCIs) 6 198.0, 144.2, 143.7, 141.1, 135.1, 129.9, 124.8, 31.1, 28.4, 26.7, 22.7, 22.5,
14.9, 13.9, 13.8, 13.7. HRMS: (ESI) calculated for C1gH260SNa [M+Na]* 313.1602,
found 313.1602.

(E)-2-butyl-1-(4-(dimethylamino)phenyl)hept-2-en-1-one (17)

0]

/©)J\/n5u
n

B

N Y

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (74.0 mg, 86%). *H NMR (400 MHz, CDCls) & 7.77-7.68 (m,
2H), 6.69-6.59 (m, 2H), 6.02-5.95 (m, 1H), 3.10-2.99 (m, 6H), 2.49-2.42 (m, 2H), 2.31-
2.18 (m, 2H), 1.45-1.30 (m, 8H), 0.97-0.84 (m, 6H); 13C NMR (125 MHz, CDCls) &
197.9, 152.9, 141.0, 140.1, 132.0, 125.9, 110.5, 40.0, 31.4, 31.1, 28.1, 27.4, 22.8, 22.5,
14.0, 13.9. HRMS: (ESI) calculated for CigH2sONNa [M+Na]* 310.2147, found
310.2151.

(E)-2-butyl-1-(4-morpholinophenyl)hept-2-en-1-one (18)
0
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ﬁN "Bu
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (92.7 mg, 94%). *H NMR (500 MHz, CDCls) § 7.68 (d, J =
8.5 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.04 (t, J = 7.5 Hz, 1H), 3.86-3.76 (m, 4H), 3.30-
3.21 (m, 4H), 2.45 (t, J = 8.0 Hz, 2H), 2.24 (g, J = 7.5 Hz, 2H), 1.43-1.30 (m, 8H), 0.93-
0.85 (m, 6H); *C NMR (125 MHz, CDCls) 6 197.7, 153.5, 141.7, 141.0, 131.6, 129.1,
113.2,66.5,47.8,31.2,31.1, 28.2, 27.0, 22.7, 22.4, 13.9, 13.8. HRMS: (ESI) calculated
for C21H31:0N2Na [M+Na]* 352.2253, found 352.2258.

(E)-2-butyl-1-(3,4-dimethoxyphenyl)hept-2-en-1-one (19)



= "Bu

"By
MeO
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (64.7 mg, 71%). *H NMR (400 MHz, CDCls) 6 7.37-7.28 (m,
2H), 6.90-6.82 (m, 1H), 6.14-6.06 (m, 1H), 3.95-3.87 (m, 6H), 2.51-2.42 (m, 2H), 2.33-
2.22 (m, 2H), 1.47-1.28 (m, 8H), 0.95-0.85 (m, 6H); 3C NMR (125 MHz, CDCls)
197.8, 152.2, 148.6, 142.8, 140.8, 131.3, 124.1, 111.9, 109.5, 55.8, 55.7, 31.1, 31.0,
28.2, 26.9, 22.7, 22.4, 13.9, 13.8. HRMS: (ESI) calculated for C19H2603Na [M+Na]*
327.1936, found 327.1933.

(E)-2-butyl-1-(3-methoxyphenyl)hept-2-en-1-one (20)

0]

MeO any
"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (50.1 mg, 61%). *H NMR (500 MHz, CDCls) 6 7.33-7.30 (m,
1H), 7.21-7.18 (m, 2H), 7.05-7.01 (m, 1H), 6.20 (t, J = 7.5 Hz, 1H), 3.83 (s, 3H), 2.48
(t, J=7.5Hz, 2H), 2.28 (g, J = 7.0 Hz, 2H), 1.43-1.30 (m, 8H), 0.93-0.88 (m, 6H); 13C
NMR (125 MHz, CDCIs) 6 198.7, 159.3, 145.7, 141.1, 140.4, 128.9, 121.9, 117.6,
113.9, 55.3, 31.2, 31.1, 28.5, 26.5, 22.8, 22.5, 13.9, 13.8. HRMS: (ESI) calculated for
Ci1gH2602Na [M+Na]* 297.1831, found 297.1847.

(E)-2-butyl-1-(3-chlorophenyl)hept-2-en-1-one (21)
o)

Cl Fongy
"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (60.0 mg, 98%). *H NMR (400 MHz, CDCls) 6 7.61-7.58 (m,
1H), 7.50-7.44 (m, 2H), 7.37-7.31 (m, 1H), 6.20-6.15 (m, 1H), 2.49-2.43 (m, 2H), 2.32-
2.25 (m, 2H), 1.43-1.32 (m, 8H), 0.95-0.88 (m, 6H); 3C NMR (125 MHz, CDCls) &
197.3, 146.7, 141.1, 140.8, 134.2, 131.3, 129.3, 129.2, 127.3, 31.2, 31.0, 28.6, 26.4,
22.8, 22.5, 13.9, 13.8. HRMS: (ESI) calculated for C17H23CIONa [M+Na]* 301.1335,
found 301.1328.

(E)-2-butyl-1-(o-tolyl)hept-2-en-1-one (22)

o]
=~ "Bu
"Bu



Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (28.6 mg, 37%). *H NMR (500 MHz, CDCls) 6 7.32-7.24 (m,
1H), 7.21-7.12 (m, 3H), 6.18 (t, J = 7.5 Hz, 1H), 2.50-2.41 (m, 2H), 2.28-2.18 (m, 5H),
1.44-1.24 (m, 8H), 0.98-0.83 (m, 6H); 3C NMR (125 MHz, CDCls) 6 200.7, 149.1,
142.8, 140.2, 135.6, 130.5, 129.1, 127.5, 125.0, 31.4, 30.9, 28.8, 25.3, 22.9, 22.5, 19.5,
14.0, 13.8. HRMS: (ESI) calculated for CisHgOS2F.Na [M+Na]* 328.9883, found
328.9895.

(E)-2-butyl-1-(naphthalen-2-yl)hept-2-en-1-one (25)

)

= "By
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Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (44.9 mg, 51%). *H NMR (500 MHz, CDCls) & 8.14 (s, 1H),
7.94-7.86 (m, 3H), 7.80-7.76 (m, 1H), 7.60-7.51 (m, 2H), 6.26 (t, J = 7.5 Hz, 1H), 2.55
(t, J=7.0 Hz, 2H), 2.33 (q, J = 7.5 Hz, 2H), 1.52-1.34 (m, 8H), 0.99-0.95 (m, 6H); 13C
NMR (125 MHz, CDCIs) 6 199.0, 145.5, 141.4, 136.3, 134.8, 132.3, 130.4, 129.1,
127.9, 127.7, 126.5, 125.8, 31.3, 31.0, 28.6, 26.7, 22.9, 22.5, 14.0, 13.9. HRMS: (ESI)
calculated for Co1H260ONa [M+Na]*317.1882, found 317.1885.

(E)-2-butyl-1-(furan-2-yl)hept-2-en-1-one (26)

)

o = "Bu
\ / "Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (50.5 mg, 72%). *H NMR (400 MHz, CDCls) § 7.60 (s, 1H),
7.02-6.98 (m, 1H), 6.51-6.44 (m, 2H), 2.48-2.39 (m, 2H), 2.33-2.24 (m, 2H), 1.47-1.28
(m, 8H), 0.97-0.84 (m, 6H); 13C NMR (125 MHz, CDCls) 6 185.1, 152.4, 146.4, 142.5,
140.9, 118.9, 1115, 31.2, 31.1, 28.4. 26.7, 22.7, 22.5, 13.9, 13.8. HRMS: (ESI)
calculated for C1sH2202Na [M+Na]* 257.1518, found 257.1508.

(E)-2-butyl-1-(5-methylthiophen-2-yl)hept-2-en-1-one (27)

O

S =~ "Bu
g,

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant

afford a colorless liquid (66.5 mg, 84%). *H NMR (400 MHz, CDCls) § 7.37 (d, J =

4.5 Hz, 1H),6.77-6.72 (m, 1H), 6.33-6.24 (m, 1H), 2.51 (s, 3H), 2.45-2.39 (m, 2H),

2.30-2.20 (m, 2H), 1.46-1.28 (m, 8H), 0.96-0.83 (m, 6H); 1*C NMR (125 MHz, CDCls)

6190.3,148.9,142.2,141.2,140.8, 133.8, 126.2,31.3,31.1, 28.2, 27.2,22.7, 22.5, 15.8,
10



14.0, 13.9. HRMS: (ESI) calculated for CisH240SNa [M+Na]® 287.1446, found
287.1444,

(E)-2-butyl-1-(1-methyl-1H-indol-3-yl)hept-2-en-1-one (28)

(0]
%”Bu
N "Bu

/

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (41.0 mg, 46%). *H NMR (500 MHz, CDCls) & 8.45-8.38 (m,
1H), 7.62-7.51 (m, 1H), 7.41-7.33 (m, 1H), 2.51-2.44 (m, 2H), 2.33-2.26 (m, 2H), 1.45-
1.32 (m, 8H), 0.95-0.89 (m, 6H); 13C NMR (125 MHz, CDCls) 6 193.6, 143.1, 138.0,
137.5,136.5,127.1,123.2,122.6,122.2,116.1, 109.4, 33.4, 31.5, 31.2, 28.1, 27.3, 22.9,
22.5, 13.9, 13.8. HRMS: (ESI) calculated for C20H27NONa [M+Na]* 320.1991, found
320.1995.

(E)-6-butyltetradec-5-en-7-one (29)
o)

/\/\/\)J\/\”BU

"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (55.0 mg, 69%). *H NMR (400 MHz, CDCls) 6 6.57-6.51 (m,
1H), 2.63-2.57 (m, 2H), 2.28-2.20 (m, 4H), 1.44-1.26 (m, 18H), 0.95-0.84 (m, 9H); 13C
NMR (125 MHz, CDCls) 6 220.2, 142.3, 142.0, 37.4,31.7, 31.5, 31.2, 29.4, 29.1, 28.6,
25.5, 25.1, 22.9, 22.6, 22.5, 14.0, 13.9, 13.8. HRMS: (ESI) calculated for C1gH3:ONa
[M+Na]* 289.2508, found 289.2501.

(E)-2-butyl-1-cyclohexylhept-2-en-1-one (30)
0

=~ "By
"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (59.2 mg, 79%). *H NMR (500 MHz, CDCl3) 6 6.48 (t,J=7.0
Hz, 1H), 2.97-2.90 (m, 1H), 2.25-2.17 (m, 4H), 1.76-1.70 (m, 2H), 1.69-1.60 (m, 3H),
1.46-1.13 (m, 13H), 0.90-0.78 (m, 6H); 13C NMR (125 MHz, CDCls) § 205.4, 141.1,
141.0,44.3,31.4,31.2,29.8,28.5, 25.9, 25.8, 25.5, 22.8, 22.5, 13.9, 13.8. HRMS: (ESI)
calculated for C17H3:0 [M+H]" 251.2370, found 251.2363.

(E)-6-butyl-9,13-dimethyltetradeca-5,12-dien-7-one (31)

11



0]
)\/\)\)J\/\nBu

"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (48.1 mg, 55%). *H NMR (400 MHz, CDCls) 6 6.60-6.46 (m,
1H), 5.49-5.20 (m, 1H), 2.66-2.56 (m, 1H), 2.47-2.37 (m, 4H), 2.32-2.19 (m, 4H), 2.09-
1.90 (m, 4H), 1.73-1.53 (m, 6H), 1.44-1.18 (m, 9H), 0.98-0.83 (m, 9H); *C NMR (125
MHz, CDCls) 6202.0, 142.6, 142.4,131.3, 124.5,44.7,37.2,31.5,31.2, 30.1, 28.6, 28.5,
25.7, 22.9, 22.5, 19.9, 17.6, 13.9, 13.8. HRMS: (ESI) calculated for CxH3sONa
[M+Na]* 315.2664, found 315.2665.

(E)-4-butyl-2,2-dimethylnon-4-en-3-one (32)
o]

W"Bu
"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (30.2 mg, 45%). 'H NMR (500 MHz, CDCls) 6 6.11-5.94 (m,
1H), 2.34-2.07 (m, 4H), 1.44-1.14 (m, 17H), 0.99-0.75 (m, 6H); 3C NMR (125 MHz,
CDCls) 6 211.4, 140.9, 135.4, 43.8, 31.4, 31.3, 28.6, 27.9, 27.8, 22.8, 22.5, 13.9, 13.8.
HRMS: (ESI) calculated for C15H2s0Na [M+Na]* 247.2038, found 247.2031.

(E)-4-butyl-2-methyl-2-phenylnon-4-en-3-one (33)

0]
= "By

"Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (50.6 mg, 59%). 'H NMR (400 MHz, CDCls) §7.35-7.29 (m,
3H), 7.24-7.20 (m, 2H), 5.83-5.80 (m, 1H), 2.26-2.20 (m, 2H), 2.00-1.95 (m, 2H), 1.55-
1.52 (m, 6H), 1.32-1.24 (m, 4H), 1.10-1.04 (m, 4H), 0.93-0.90 (m, 3H), 0.82-0.76 (m,
3H); C NMR (125 MHz, CDCls) & 205.3, 146.9, 144.0, 138.6, 128.6, 126.1, 125.3,
51.0, 31.4, 30.8, 28.6, 28.0, 26.7, 22.9, 22.0, 13.9, 13.8. HRMS: (ESI) calculated for
C20H30ONa [M+Na]* 309.2195, found 309.2191.

(E)-2-ethyl-1-phenylpent-2-en-1-one (34)[]
o)

~ “Et
Et

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (40.0 mg, 71%). *H NMR (400 MHz, CDCls) 6 7.65-7.61 (m,
2H), 7.52-7.47 (m, 1H), 7.44-7.38 (m, 2H), 6.17 (t, J=7.2 Hz, 1H), 2.48 (q, J = 7.6 Hz,

12



2H), 2.34-2.25 (m, 2H), 1.08-1.01 (m, 6H); 3C NMR (125 MHz, CDCl3) 5 199.0, 146.7,
142.0, 139.2, 131.3, 129.3, 128.0, 22.0, 19.9, 13.7, 13.5.

(E)-2-Pentyl-1-phenylhept-2-en-1-one (35)
o)

Z "Pentyl
"Pentyl

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (61.5 mg, 82%). *H NMR (400 MHz, CDCls) 6 7.67-7.62 (m,
2H), 7.52-7.46 (m, 1H), 7.44-7.37 (m, 2H), 6.18 (t, J = 7.2 Hz, 1H), 2.51-2.42 (m, 2H),
2.32-2.23 (m, 2H), 1.48-1.39 (m, 4H), 1.38-1.25 (m, 8H), 0.95-0.84 (m, 6H); *C NMR
(125 MHz, CDCl3) 8199.0, 145.7, 141.2, 139.1, 131.3, 129.3, 127.9, 31.9, 31.6, 28.8,
28.6, 26.7, 22.5, 22.4, 22.3, 14.0, 13.9. HRMS: (ESI) calculated for CigH23ONa
[M+Na]* 295.2038, found 295.2035.

(E)-2-isopentyl-6-methyl-1-phenylhept-2-en-1-one (36)
0

7

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (67.7 mg, 83%). *H NMR (500 MHz, CDCls) § 7.65-7.62 (m,
2H), 7.51-7.47 (m, 1H), 7.43-7.37 (m, 2H), 6.16 (t, J = 7.5 Hz, 1H), 2.50-2.45 (m, 2H),
2.27 (0, J = 8.0 Hz, 2H), 1.64-1.55 (m, 2H), 1.34-1.28 (m, 4H), 0.94-0.90 (m, 12H);
13C NMR (125 MHz, CDCls) 5198.9, 145.4, 141.4, 139.1, 131.3, 129.3, 128.0, 38.2,
38.1, 28.3, 27.9, 26.7, 24.7, 22.5, 22.4. HRMS: (ESI) calculated for CigH2sONa
[M+Na]* 295.2038, found 295.2033.

(E)-2-methyl-1-phenylhept-2-en-1-one (37)!]
o)

= "By
Me

Following the general procedure, using 20 / 1 petroleum ether / EtOACc as the eluant
afford a colorless liquid (67.7 mg, 83%). 'H NMR (500 MHz, CDCls) § 7.63-7.60 (m,
2H), 7.50-7.42 (m, 1H), 7.42-7.38 (m, 2H), 6.31-6.27 (m, 1H), 2.29-2.24 (m, 2H), 2.00
(s, 3H), 1.41-1.33 (m, 4H), 0.94-0.89 (m, 3H); 13C NMR (125 MHz, CDClIs) §199.0,
146.8, 138.9, 136.4, 131.2, 129.2, 128.0, 30.7, 28.8, 22.5, 13.8, 12.4.

(E)-1-phenyl-2-propylidenehexan-1-one and (E)-2-ethyl-1-phenylhept-2-en-1-one
(39 and 40)

13



)

0]
=~ "Bu =~ "Et
Et "Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (43.4 mg, 67%). *H NMR (400 MHz, CDCls) 6 7.69-7.60 (m,
2H), 7.52-7.37 (m, 3H), 6.23-6.91 (m, 1H), 2.55-2.44 (m, 2H), 2.35-2.24 (m, 2H), 1.48-
1.27 (m, 4H), 1.10-0.99 (m, 3H), 0.96-0.85 (m, 3H); 3C NMR (125 MHz, CDCls)
5199.0, 198.9, 146.9, 145.5, 142.5, 140.7, 139.2, 131.4, 131.3, 129.2, 128.0, 31.3, 31.1,
28.4, 26.4, 22.8, 22.5, 22.2, 20.0, 13.9, 13.8, 13.6, 13.5. HRMS: (ESI) calculated for
C1sH200Na [M+Na]* 239.1412, found 239.1415.

(E)-1,2-diphenylhept-2-en-1-one and (E)-2-benzylidene-1-phenylhexan-1-one (41
and 42)[]

o) (@]

= nBu = Ph
Ph "Bu

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (51.4 mg, 65%). 'H NMR (500 MHz, CDCls) & 7.98-7.93 (m,
2H), 7.89-7.84 (m, 2H),7.55-7.49 (m, 1H), 7.43-7.38 (m, 4H), 7.34-7.22 (m, 10H),
7.13-7.03 (m, 5H), 6.72 (s, 1H), 6.26 (t, J = 7.5 Hz, 1H), 2.49 (t, J = 7.5 Hz, 2H), 2.08
(9, = 7.5 Hz, 2H), 1.44-1.35 (m, 4H), 1.32-1.23 (m, 4H), 0.91 (t, J = 7.5 Hz, 3H), 0.82
(t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCls) 6200.9, 198.6, 141.9, 140.8, 137.4,
137.0, 135.9, 135.8, 133.4, 133.1, 132.6, 129.6, 129.4, 128.7, 128.6, 128.5, 128.4, 128.1,
127.6, 127.3, 126.0, 36.5, 31.5, 30.3, 29.6, 22.4, 22.2, 13.8, 13.7.

(E)-1,2,3-triphenylprop-2-en-1-one(43)!
o)

¢

Following the general procedure, using 15 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (37.5 mg, 44%). 'H NMR (400 MHz, CDCls) 6 7.86 (d, J =
5.6 Hz, 2H), 7.56-7.51 (m, 1H), 7.48-7.42 (m, 2H), 7.38-7.31 (m, 3H), 7.30-7.25 (m,
2H), 7.23-7.15 (m, 4H), 7.11-7.06 (m, 2H); 1*C NMR (125 MHz, CDCl3) §197.5, 140.8,
140.0, 138.2, 136.5, 134.8, 132.1, 130.3, 129.8, 129.6, 128.9, 128.7, 128.3, 128.2, 127.9.

(E)-1-phenyl-2,3-di-p-tolylprop-2-en-1-one (44)F°l

14



¢

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (27.3 mg, 43%). 'H NMR (400 MHz, CDCls) 6 7.86 (d, J =
6.0 Hz, 2H), 7.53-7.48 (m, 1H), 7.45-7.39 (m, 2H), 7.21-7.17 (m, 1H), 7.17-7.14 (m,
4H), 7.03-6.96 (m, 4H), 2.36 (s, 3H), 2.28 (s, 3H) ; *C NMR (125 MHz, CDCl3) $197.8,
140.2, 140.0, 139.1, 138.5, 137.5, 133.7, 132.1, 131.9, 130.3, 129.7, 129.5, 129.4, 129.0,
128.2,21.3,21.2.

(E/Z)-2,3-bis(4-methoxyphenyl)-1-phenylprop-2-en-1-one (45)L]

Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (49.5 mg, 48%). 'H NMR (400 MHz, CDCls) & 8.06-8.00 (m,
1H), 7.88-7.81 (m, 1H), 7.57-7.36 (m, 5H), 7.27-7.20 (m, 2H), 7.12-7.08 (m, 1H), 6.97-
6.86 (M, 2H), 6.78-6.71 (m, 2H), 3.88-3.74 (m, 6H); *C NMR (125 MHz, CDCls)
0199.9, 197.9, 160.2, 159.5, 159.2, 159.1, 140.6, 138.8, 138.4, 138.1, 136.5, 133.5,
132.1,131.7,131.0,130.1, 129.7, 129.6, 128.7,128.1, 128.0, 127.4,114.2,113.9, 113.7,
55.3,55.2, 55.1, 55.0.

(E)-2,3-bis(4-fluorophenyl)-1-phenylprop-2-en-1-one (46)°!

o]

e
O

F
Following the general procedure, using 20 / 1 petroleum ether / EtOAc as the eluant
afford a colorless liquid (43.2 mg, 98%). 'H NMR (400 MHz, CDCls) § 7.92-7.85 (m,
2H), 7.65-7.57 (m, 1H), 7.56-7.48 (m, 2H), 7.34-7.26 (m, 3H), 7.17-7.08 (m, 4H), 6.99-
6.90 (m, 2H); 3C NMR (125 MHz, CDCls) 6197.2, 162.9 (d, J = 250.0 Hz), 162.5 (d,
J =250.0 Hz), 139.5, 139.4, 138.0, 132.3, 132.2, 132.1, 132.0, 130.5 (d, J = 8.8 Hz),
130.8, 130.7, 129.7, 128.3, 116.0 (d, J = 21.3 Hz), 115.5 (d, J = 22.5 Hz).

15



Reference:

[1] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M.
Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg,
M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J. J. A. Montgomery, J. E. Peralta, F. Ogliaro,
M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J.
Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. lyengar, J. Tomasi, M. Cossi,
N. Rega, N. J. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J.
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C.
Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth,
P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman,
J. V. Ortiz, J. Cioslowski, D. J. Fox, Gaussian 09, Revision D.01, Gaussian, Inc.,
Wallingford CT, 2010.

[2] (@) Y. Zhao and D. G. Truhlar, J. Phys. Chem. A., 2006, 110, 13126; (b) Y. Zhao
and D. G. Truhlar, Acc. Chem. Res., 2008, 41, 157; (c) Y. Zhao and D. G. Truhlar,
Chem. Phys. Lett., 2011, 502, 1.

[3] M. Dolg, U. Wedig, H. Stoll and H. Preuss, J. Chem. Phys., 1987, 86, 866.

[4] A. V. Marenich, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B., 2009, 113, 6378.
[5] E. Cancés, B. Mennucci and J. Tomasi, J. Chem. Phys., 1997, 107, 3032.

[6] Y. H. Lee and E. H. Denton, ChemRxiv, 2020, 1.

[7]. J.-J. Tian, N. Liu, Q.-F. Liu, W. Sun and X.-C. Wang, J. Am. Chem. Soc., 2021,
143, 3054.

[8] J.y. Lia, Y. Yua, W. Hao and M. Cai, J. Chem. Res., 2010, 34, 10

[9]. L. Shan, G. Wu, M. Liu, W. Gao, J. Ding, X. Huang and H. Wu, Org. Chem. Front.,
2018, 5, 1651.

16



6. NMR Spectra

6880
£06°0
9160
0560
0sE'T
SrET
@wmﬁﬁ
€LET
98¢'1
0011
o111
¢eTT
0L7T
qumx
667C
19T
€317
L6¥'T

919
9LT9
aﬁ.w.\

09T L
whm.h/
mom.h/
801" Lf
'L
LLV' L
Lo¥L
0€9°L
TeoL
9L

=" TBu

"Bu

=£09

FE0'8

=10¢
=007

=001

20T
701
L0z

-1.0

-0.5

6L°€L
ww.mﬁ%
L4 e
LT
6€9C~
LY'8T
mo.ﬁm%
VT'T1E

1.0 05 00

1.5

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

68'LT1
mNmNHM
gz1er’
1065T—
naﬂwﬁw
cospl

C8'861—

10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-10

0

10

50 40 30 20

80 70 60

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)
17

=" "Bu

“Bu
210 200 190 180 170 160 150 140 130 120 110 100 90




L680
0160
Y260
6eel
€l
L9E'T

08¢l
6¢'1
LOV'T
ITri
ISTT
99T°C

I18C°C
S6CT'T
¥6E'C
6S¥'C
YLV'C
881'C

6C1°9
124%%
omﬁ.w\

00TL
91TL ;
097 L”
296°L
ye¢°L

" "Bu
"Bu

=909

1078

S50
=20'¢
JNO.N

=001

=¢0°C
=¥0C

05 -1.0

¥8€l
ﬁm.mﬁ%
vy 1c
wv.mm#
LLTT
09°9¢

Nv.wm\
(A4

9’1t

1.0 05 0.0

1.5

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

mowmﬁ
mmaNﬁV
MATIN
1T TP~
86 1H14
LY PPT

VL861—

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

“ "Bu
"Bu

-10

10 0

20

50 40 30

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

18



Vi Oy~ on— O O >~ 0 S WY O = =l SOy D
N en — = on oo 0l = \O QY I~ O 00D OO~~~ QO Fen = — O
R R R R R A s R R KR R RN
L e e T S S A e o= R VoY RS R e I IR )
s 2 e T
o]
Wnsu
By Bu
5
_JJJ A
o " P oo
ol ol (= ol ol g =
S o S S o < 9
100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -10
1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)
=) =t ol =t ol 0o
~ < wvio— = = O\ — 00 W N 00 O 0NV
%) v - — O oy < i B R S B
=) vy = = cn 1l = = = = 00 O O] O]y
— — — = o~ = cneneneen ol ol ol ol o~
| | Nl )
[0}
W”Bu
n
By Bu
5
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

19



SO U
0r60
0S6°0
P$6°0
$96°0
PLET
68¢€'1
mmmﬁk
0TH'1
1A
wwvﬁ%
6511
00€C
S1€C
67T
reT
605T
¥TsT
86T

PETO

mwuow
€979

09T L

mhmh/
€6€L

oL
ocr L
wuvL
L8¥'L
6T9'L
ProL
199'L
L
R9LL

= "Bu
"By

Ph

=L09

808

=L0°T
=€0°C

=00'T

00T
MS.N
+90°F
ufuc.N

-1.0

1.0 05 00 05

1.5

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

88°¢I
oa.mLf
[ASy#e
18°C¢C
LS9T~
€587
Nﬁ.ﬁm*
1T1¢

06°LTT
$8'871-+
86671/
69'LET—

mﬁ.oiﬁ
oN.;H\

89°9¢1
:.hmﬁ%
Yorvl

syl

LS8OT—

“ Bu

“Bu

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

0

60 50 40 30 20 10

80 70

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

20



£68°0
0160
8C6°0
€cel
69¢'1
98¢'1
LOV'T
°sTT
0LTT
www.mx
90¢°C
Sv¥'T
Sor'e
YT

" "Bu

"Bu

~

=L09

8078

=10°C
*£0C

=001

-1.0

1.0 05 0.0 -05

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

¥8€l
ﬂm.mLf
¢eTe
08°C¢
[ITAN
0587
mﬁ.ﬁm*
8T°1¢

66 V1T
oI eIt

SLTET
]Il
STeel
S.mmﬁ\.
NN.;H\
00°sPI

[8°€91~
786917

6V L6T—

=T
"Bu

10 0 -10

30 20

50 40

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

21



L88°0
060
Y260
w60
el
wel
09¢'1
6LE'T
96¢'1
60¥' 1
09T°C
6LTT
h@N.N\
S1ee
[S¥'C
OLV'T
L8Y'T

e e—

8619
ohﬁ.ww
619

09T L~
TEoL

mGsw
190°8~,
130'8"

< Bu

"Bu

MeO,C

=

=¥0'9

F60°8

10T
*107¢C

=C0°¢

=001

=L0T

=20¢C

-1.0

1.0 05 00 -05

15

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

98°¢l
m@.mﬁ%
1¢€7¢¢
£8°C¢
0T°9C~
69°8T
Ho.ﬁm“.
cTIe

reTs—

66'3T1
ST6TIS
rzzet’
SETVI~
f.ﬁ:w
LV LT

SV 991—

0T'861—

" "Bu

"Bu

MeO5C

-10

10 0

50 40 30 20

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

22



I88°0
L6870
0160
8760

6£E1
8CET
PLET

[6€°1
8011
6£TC
LETT
mhm.mx
°6TT
Svi'e
£91'C
8¥'¢C

068 ¢—

€909
mwO.@W
SH.o

£68°9~
S1697

§89° L
oLt

12

MeO

0

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

=109

0’8

=0T
=90'C

=70'¢

=00°T

=80°C

=10°¢C

1.0 05 00 -05 -1.0

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

L8EL
N@.mﬁ%
06°C¢
8L°CC
06'9T~

mm.wm\
MZ&
0T’ 1€

Ceee—

CTEIT—

SETET~,
crert
0T THI~
GOEPT

91—

LO'LO6T—

= "Bu

"Bu

MeO

12

-10

0

10

50 40 30 20

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

23



6219
SSW
£2639

og.@w
$66'0

90
|
LST L
LLTL
96T'L
YoEL
1
POrL
6LYL
969'L
004

Z "By

"Bu

PhO

13

=¢09

F10'8

=[0°C
=60'C

=001
J90°¢
e0°C

00T
Hzmc.N

-1.C

1.0 05 0.0 -05

1.5

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

68 €1
ma.mT/
$$TT
87T
18792~
St'8T7;

mﬁ?%
1T1¢

ETLIT
w@.@:,//
T€PTI~
96671~
8O'TET
om_mm&
ST'IPI

g_mix
98'GST—
78°09T—

€8°L6T—

= "Bu
"Bu

PhO

13

-10

0

10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

24



€160
LTG0
8¢6°0
7560
I[Se1
99¢'1
I8¢'1
soe'l
LOV'T
0Tr'l

PEV'L

0SP'1

69T°C
¥8CT'T
66T°C
€1eT
sy
LOV'T
11¢c

—

8CI'S—

LOT9

9

@mﬁ@\
£66'9

1oL

09T L~
Nmm.hxw
oreEL
19¢°L
88¢L
€0v'L
8IV'L
8LVL
erL
STLL
TeL’L

" "Bu
"Bu

BnO

14

=£09

008

=0T
=0T

—€0°C

=001

=70'C
s30T
2L0F
=10

-1.0

-0.5

1.0 05 0.0

1.5

100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

¥8€l
om.mLf
9r'T¢
LT
89T~

om.wmx
OZ&
ST'1€

00°0L—

¥8'L6T—

“ "Bu

Bu

BnO

14

-10

0

10

50 40 30 20

80 70 60

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

210 200 150 180 170 160 150 140 130 120 110 100 90

25



8060
<60
9€6°0
Lvel
098¢l

9LE'T
6’1
Iyt
8EV'1
9LTT
16TC -
90¢€'C
0TeT
¥or'cT
08¥'C
Y6¥'C

0919
WBﬁ.QN
06179

"Bu

PYT Ly
09T L |
069°L~,
8oLt/

(o)

15

F:CO

=909

F20°8

=¥0'C
00'C

=001

=£0°¢C

=¥0°C

-1.0

1.0 05 0.0 05

1.5

10,0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

P8 €l
ﬁm.mLf
¥<'TT
18°CC
LV 9T~
09'8C
bo.ﬁm*
6T'1¢E

LO0OTT—

PTIETS
6€'LET
WZSM
€09VT~,
ISt
evict)

SeL6l—

0

F2CO

"Bu

15

-10

0

10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

26



988°0
6680
€160
€l
3rel
09¢e1
[LET
P8¢ 1
66¢€°1
EVTT
LETT
TLTT
98C°C
Evre
8S1'C
TLV'T
£61'C

€019
\.:.ow
Nmﬁ.o

R1TL
vETL
09z
65°L
LO9'L

< Bu
Bu

16

MeS

=r09

=608

60T
“P0T
\zo¢

=00°T

=107T
=107¢

-1.0

-0.5

€L€T
;.ﬁw
LS'ET

88 ¥1
SKYITr
MZN\
@.8\
tu.ww\

0T’ Ie

10 05 00

15

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

6LPTI
T6'6T1
LOSETY
90°I#1

PLENT
ot vy’

00861—

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

= Bu

"Bu

MeS

16

-10

0

10

30 20

80 70 60 50 40

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

27



780
$88°0
0680
1060
8160
1£60
09€1

0LET

$R€'1

00F' T

€K1
8TTT
oTT
09T T
LLTT
orr'e
corz
8LV'T
7e0's
9¢0°€
Ir0°€
€60°€

U6
066'S
€009
6£9°9+
969°9”
09T L~
01LL
SILL
rect”

Znpy

"Bu

17

=609

F00°8

=60°C

=00°C

=S0'9

=00°T

=807¢T

=0T

-1.0

1.0 05 00 -05

1.5

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

16°¢l
Po'€l
6¥'TC
8L°TC
CELT+

[AR.1#
60°1¢€
wmﬁm\

coor

SPOIT—

06 ¢TI~
00°CET~
crovt

mo.:lW

16°CST—

L8 LOT—

_

l

80 70 60 50 40

L

210 200 190 180 170 160 150 140 130 120 110 100 90

= "Ry
"Bu

17

-10

0

10

30 20

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

28



LY3 U
1880
1060
9160
e
0£€'T
0S€E'T
POE'T
LLETH
hwmﬁﬁ
10K 1+
TT
LSTT
LEV'T
ISV
96T’€
N
€LTE

98¢
ceg'e

Y209
8€09
mmo.c.\

1r8°0~
15879/
097 L~
6LO'Ly
96917

2 ngy
"Bu

18

=119

2908

¥90°C
=007C

=0I'¥

=20V

=001

=90'C

=L0T

-1.0

1.0 05 00 05

1.5

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

€8¢l
bw.mﬁ%
£ree
TL'TT
€0°LT~

hawm\
oqﬁm&
TTIE
9L L¥—

¥S99—

CTEIT—

BNTARN
65 1€T7
10171~
0L 1Yl

ESEST—

OL'L6T—

= "Bu
"Bu

-10

10 0

20

50 40 30

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

29



L8O
¥68°0
8060
LT60
$h60
PeET
quﬁﬁ
€T

wamﬁﬁ
LIV
oEr T

0rTT

65TTH
8LTTh
96TC
PIET
SPrT
PorT
8rT
005°Z
FO6'€
616€
vI6E
REG'E

9L09
mmo.oﬁr
PIT 9
mmﬁ@\
£v89
m@w.@;ﬂ/
€889
86C'L
PIeL
PeEEL
SeeL

—

= TBu

"Bu
OMe

MeO

I

=609

F10'8

=L0°C

=60'C

=109

=001

=201

=C0T

-1.0

1.0 05 0.0 -05

1.5

10,0 95 90 85 80 7.5 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

8L€ET
Nmmﬁw
6£TT
89°7Z
69T
0T8T
wogm&
€TIE

8L°¢¢
£8°¢¢

£5°60T~
98°TIT~

SOVTI-
9T TET~
E30VTy
LLTHT
£9°8 1T~
17281~

08'L6T—

= "Bu

MeO

OMe

19

-10

0

10

30 20

80 70 60 50 40

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

30



819
9619
1129
£Co'L
8C0L
oro'L
Svo'L
Iel'L
S0TL
09T L
68T L
POEL
0TEL

\

= "Bu
"Bu

MeQ.

=£0'9
808
=060'C

*90°C

=¥0'c

=00'T

€0
10T
Tort

-1.C

1.0 05 00 -05

15

100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

8¢l
mm.mﬁ%
06°C¢
8L°CC
O 9T~
68T
ho.ﬁm%
6T'T¢

0gcs—

€611~
POLIT
6 121
88'8T1—
8E0FT
FUIPTS
99617

0€6S5T—

89°861—

= "Bu

MeQ.

n)

20

-10

10 0

20

50 40 30

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

31



88€ T4

7919
ﬁwaow
6619
09T'L
€TEL
WL
°9€ L4
St L
08t L
661 L
165°L
96S°L
009°L

" TBu
"Bu

Cl

=¢l'9

=908

»C0¢
*70C

=00'T

JE0T
=0T
o1

-1.0

1.0 05 00 -05

1.5

10,0 95 90 85 80 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

8¢l
mm.mLf
1¢€7¢¢
18°¢CC
CE9T~
98T
No.ﬁm&.
6T'T¢

€421
mmmmﬁ/
€621
LTIET
0T HEl

veLel—

= "Bu

"Bu

cl

pal

I

-10

0

10

50 40 30 20

80 70 060

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

32



ULs v
¥88°0
86870
7660
9F60
0960
61€'1
€£€1
BYETY,
FOr'1
@ovﬁw
€Tr 1
0TTT
§ETT
o5zt
9TFT
SEVT
0S¥z
YorT

0919
SLT'9
06179
YTU'L
mmﬁ.\n%
9T°L
LLTL
S6T°L
8CTL
ILTL
¥8CL
66T L

=~ "Bu
\'|

"Bu

FE09

Fo0°8

=C0°C
=0T

=001

+00°€
*L0'T

-1.0

1.0 05 0.0 -05

1.5

100 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

el
@@.mf/
8r6l
ﬁm.NN%
mo.NNM
8CT°¢C
Mw.wm\
88°0¢
I¥rie

mo.vmﬁ/
6V LTI
LO6CT—
ww.omﬁ\
666l
STovt
SLTvl
So'erl

—s

[L°00C—

= "By
"Bu

10 0 -10

30 20

50 40

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

33



tLov
LT60
1760
560
6960
6LET
86€1
8Tr'1
W T
9t

ﬁhvﬁw
98¥'1

LOET
Icee
9€e'C
0ceC
CeeT
[€¢°C
S

orT 9

me.@W
Qe€-7
°eeL
96¢'L
09¢°L
ELSL
SLSL
OLLL
€6L°L
96L°L
ELYL
068°L
1oL
6T6'L
VI8

= TBu

"By

25

=809

F10°8

=£0°C
=007

=001

90T
~00T
p0'€
o1

-1.0

1.0 05 00 -05

1.5

10,0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

L8EL
b@.mLf
1¢€7¢¢
L8'TT
CO9T~
vS 8T
oﬁ.ﬁm&.
9T 1¢

0€9¢l
vl
Pesvl

9Tl
ow.vmﬁ\

96'861—

= "Bu

"Bu

25

-10

10 0

20

50 40 30

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

34



LY3 U
8.8°0
0060
€160
LTE0
1€6°0
6v6°0
TTel
re T
N
LSET
LSV 17

TeTT
[LTC+
76TT
01€'C
eCr'e
KT
9C¥' T

6859
wavow
2059

66697
0oz’
H09'L”

"Bu

"Bu
26

=209

Fzo's

=80°C
90T

=¥0°C
=860

=001

-1.0

10 05 00 05

1.5

10.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

8L€T
w@mﬁk
6¥'TT
LOTT
L99T~
6£8C7

:Am*
8T'I¢E

€SIIT—
Po'81T—

LS OVT~
6V THT
6£9¥1/
st

60 S81—

"Bu

"By
26

o=

-10

0

10

30 20

80 70 60 50 40

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

35



Vs v
TL80
688°0
£06°0
0260
8€6°0
81€'1
seg'l
ErE T
hhmﬁk

¥

w1
ory 17

0€TC
8VT T+
mww.m.\
¥8C'C
LOV'T
9TY'T
Ve
01¢°C

1LT9
6379
L0€97
6¥L°9
09L°9
09T L~
79¢L
et

= "Bu
"Bu

27

709
F90'8
0T

+10Z
og

=001

=v0'1

=201

-1.0

1.0 05 0.0 05

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

L8ET
wa.mLf
LERA

6¥'TC
89°C¢
61 LCT
ow.ww\
SO'IE

9T It

079Z1~
SLEET

ohswﬁw
9T TFI
otz
76'8¥17

9C061—

-10

0

10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

36



LV6'0
€960
£86°0
€660
900°T
€'l
Sad!
Sor'l
41!
8611
01¢'T
6CE'C
6£E'C
hmm.m\
865'C
LLS'T
¥6$°C

688°¢—

9179
vmmow
78T9
L
19€'L
ILEL
$8€L
wwnh\
89G°L
6018~
1§87

—

=009

Fe0'8

=[0°¢C
=0T

=£0'¢

Foo'1

=[0°¢
60T

Er0'T

-1.0

1.0 05 0.0 -05

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

06°¢l
ma.mﬁ%
[y
mw.NNk
STLT
08¢~
€T1E
LY'1E

8eee

mwmoﬂ
0911
oﬂﬁmﬁ/
o@NNH%
0T'€TT—
1T'L217
OF'9ET
16°L€T

66'LET

oamwﬂ\

9'e6l—

Y/

"Bu

"Bu

-10

10 0

20

50 40 30

80 70 60

210 200 150 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

37



L3 v
8980
£88°0
0060
LOG'0
§T6'0
60
9LT1
0€e’l W
0Se'l r

89¢ TN
ory 1
£0CC

1CTC+
ovee

86CC

8LTT
L8S'T
909°C
¥T9'C

LTE9
@QW.@W
¥9¢9

09T L—

<" "Bu
"Bu

29

= 90
Er0'8

= 60
= 90

-1.0

1.0 05 0.0 -05

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

68°¢l
o'l
yovi
1€°¢CC
09°¢CC
98°CC
Nﬁ.mm/r.
Sree
$$'8T]
€16¢
ce6c
9T'1¢
¥SIE
IL1¢
ov'LE

‘\ —

=

00°TrI
WN.NEV

TTT0T—

il

50 40 30 20

"

0 -10

10

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

38



QU A O OO OO =IO N0l O — Oy O
O N0 OO =< O QO N>l — QW en Ol O~ oy — Q0w <t en
AT ITARNNAE O 08O T Mol ol ol Q) 609000909
OOV O A A A A A A A A A A A A ——— OO0 00O
| = i e
o]
= "Bu
"Bu
30
| j
1 .
T T R R
(=1 (=} o oo
< < SCCnCe
100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)
— — =<t
=t — 0 = OO — O W0 w N
v — o = =y 09wy I 09 00
(=} =t =t =t = = Q00 WY Ol O] e
& — = Tt meen Aol ol ol el el — o~
| ~ [ r——
o]
"
"Bu
30

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
fl (ppm)

(125 MHz for **C NMR with CDCl; as solvent)

39



vLYO
1680
€660
0560
¢8T1
6671
60€'1
0Er 1
hawﬁw
LLOT
Y861,
<007/
LTTT
17T
0LTT
162C
01T
T
65T
$€97

€01 S—

€159
ﬁmm.cw
ors 9

09T L—

=~ "Bu
B

u

3

¥90'6
JL0°6
Lo
Z50¢
oY
S50
=101
01

0T

Foo't

05 -1.0
a
it

1.0 05 00
~
o0
ol
I

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

vl —
13 3

8E TV
LETPT

96 10C—

100 95 90 85 80 75 70 065 60 55 50 45 40 35 3.0 25 20

= gy
"Bu

3

-10

0

10

80 70 60 50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

40



—7.260
6.047
6.031
6.013
1.387
1.333
1.288
1.254
0.893
0.876
0.858

%4
2260
N2.157

4
E

"Bu "Bu

Ll
=t
(=)

1.00 {r

4.00 1
7.054

100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

(400 MHz for *H NMR with CDCl; as solvent)

— O S
-t o0 = LA S B =2l e =)
— S v 09 € e vy Oy 00 I T Q) 0
— <t " o = — 0 I~ 01 &l onon
P — - SFenen 1ol ol el ol —~ o~
[ (. | = ==
n n
Bu Bu

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 0 -10
fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

41



0LLO
€840
S08°0
8890
§06°0
9Z6'0
750°1
990'1
180°1
8601+
osz 1f
18z 1
S1¢1
1£5°1
LES'T
¥96'1
9L6'1
966'1
S10°T
TTT
0€TT
0STT

£08°¢
wmw.mw
LY8' S

61T L
mMN.\n%
90¢ L~
hmm.h%
LveL

Mwo.m
10°¢
H/@c.w
Jpwc.w

€19
90T
70T

=00°T

00T
290'¢

-1.0

-0.5

oLl
N@.mﬁ%
£0°CC
ww.mm%
L9t
No.wNW
¥<'8¢
18°0¢
ov'1¢
10°15—

1.0 05 0.0

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

0TI
€921
mmmNﬁ\
§S8ET—
S6'EVI—
16917

60 S0C—

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

"By

"Bu

33

| .MLU\ |

10 0 -10

30 20

50 40

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

42



8C0'1
LEO'T
LVO'1
901
990'1
SLO'T
°09TT
SN.N%
66T CF
81¢C
LEET
LEV'T
9L¥'T
S6V'C
YI€e

cT9
ﬂ:.cw
6819

09T L
am.h/
o:\h%
0EV L=
08¥'L
667 L
LISL
9T L
0€9°L
LY L

=209

=90°C
*60'C

=001

/90T
2701
20z

-1.0

1.0 05 00 -05

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

10,0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

6v°ET
$'€l

86761
1oze/

86'LT1
8T6TT—
ge1er’
ST'6ET—
1zrt’
vovt/

L6'861—

0 -10

10

50 40 30 20

80 70 060

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

43



w919
E:.@W
6619

09T L
c8 m.\n/
wov.\n%
ECr L
mhw.h%
6% L

SEOL
£CO°L

= Pentyl

"Pentyl

35

-

=109
H\@o.w
=0

=¥0'C
91T

=001

K0T
g0l
oz

-1.0

-0.5

£6°¢El
86'¢l

$ETT
Ve
LV'TC

§9°9C
09'8¢T
wo.www
08'8¢C
09°1¢
L8TE

10 05 0.0

1.5

1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

b6 LTI
1E621
cerer’
LO'6ET—
mm.::k\\
1LSPL

96'861—

10.0 95 90 85 80 75 7.0 065 60 55 50 45 40 35 30 25 20

= "Pentyl
TPentyl

35

-10

0

10

30 20

80 70 60 50 40

210 200 190 180 170 160 150 140 130 120 110 100 90

fl (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

44



Lo v
160
9T6'0
6860
68T’ 1
L6T'1T
eTel
I2e'1
See'l
8LST
681
9091~

e

—

0STTy
$9T T
187
L6TT
65T
SLV'T
16V'C

V9
wmﬁ.cw
ELT9

09T L
68 m..\n/
wov.\n%
(19 ]
SLV L
061°'L
SOS°L
9ToL
8COL
oL

80T
= PO
» 00

ke

EN

=

0
0y

00

10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

1.5

Rt

-1.0

-0.5

6£CC
Q.NLf
vLVE
VLT ]
oo.h&
LTST

mo.w&
0TS¢

1.0 05 00

f1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

96'LZ1
Hm_mﬂw
eerer’
P1'GET—
65 THT/,
st/

06'861—

36

10 0 -10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

45



968°0
€160
7E6°0
SEET
8SE'T
6LET
98¢’
vor'l
LoV
996'T+
VST
ELTTT
67T

9LT 9
00€97

09T L

68 m.\n/
mov.hw
Scr'L
LLV'L
S6V'L
809°L
LTOL

= "By

=90'¢
oy

=10¢
20T

F00°'T

/00T
L9011
50

-1.0

1.0 05 0.0 -05

15

f1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

10,0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

Tl
v Er
05 7T~
V88T~
PL0E

86'LT1
P67
et/
v osT
L8'8€T

zgov1/

c0'661—

= "By

37

10 0 -10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

46



0160
9160
9€6°0

$SO T~
yLOT.
e 1
€1F'1
L8TT
TIET
@Hmmw
oavN\

CIsC

919
oi.oW
80C°9
88¢L
91V L
IvyL
805°L
0Ts'L
9¢9°L

099°L

“ Rt

Bu

=~ "Bu

Et

40

39

+70°€
R60°¢
B30°)

¥60°C
60T

=00°T

F80°¢
=00°C

-1.0

1.0 05 0.0 -05

1.5

f1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

10,0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

SPET
LSET
98°€T
Vo€l
00T
STTT
8T
6LTT
8€97
1+'82
0T’ 1€
9T 1€

TETET
9E IET
P0'6€1
9T'6€1
[

€L ovl
ow.mz\

96'LCT
wN.mNH#{

14928
¥6'orl1

£6'861
[0'661

“ "Bt

Bu

s IJBU

Et
39

40

i

50 40 30 20

-10

0

10

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

47



608°0
¥T80
8¢8°0
7680
906°0
1260
68T
PLTT
68T’ 1
YOE1

0LE'T
[S:31
00F' 1T
S1¥' 1
[ev'l
¥90°C
6L0°C
¥60°C
601°C
ELV'T
68¥F'C
Y0<'T
vco
LETO
TLTY
€CL'9
6£0°L
I180°L
S60°L
€0T'L
8IT°L
I[€TL
8LTL
T6T L
90¢°L
TeL
LOEL
eIvL
8CVL
11¢L
9TCL
098°L
OL8'L
SSO'L

— e e

—

;

TL6'L

=
"Bu

= TBu

42

M

- L0
00’
£0°
100
S§

! T

7 S0

~ 80

1.5

T

100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

-1.0

-0.5

1.0 05 0.0

f1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

SLET
08°€1
vTTT
W
96T
Nm.o%

(43843
mv.wm\.

86'STT
0€°LZT
LS'LTT
11821
W8Tl
S8zl
v9°8C1
L9°8T1
@m.mNL
PS6TIL
PO'6TTE
gozerf
PIEET
6£°€ET
T6°SEl
V6SEL
96°9€1
PrLEL
18°0¥T
ST

LE86T~
L8007

gy

42

4

10 0 -10

30 20

50 40

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

48



-1.0

-0.5

10 05 00

:

=
L < [
R~
e ©
(o] w
[72]
e ®©
AT
O
Usl
M en o
- O
-
w8 2 _
S 68°LTI
. o= S TT8TT
6LO'L LA $T'8Tl
¥60'L - T ¥L'8TT
mmﬁ\n [ o 68°8C1
ELTL o S 796210
s8TL v R SL6TIY
w0TL T 6T°0€T ﬁ
91TL oozl S 11zel
[y Jlsorl e o 6LFEL
VLT L W = S 67951
) Epe— R () s
06T L w O = lzoel O~ LT8ET
LEEL - = 00 0FT
. } tooz
weLy N O 5 mﬁ::. = 18°0v1
£THL @ L%
) o < 00°Z
6EY L |
YSvL O w
61SL o
€€S°L o
8¢ L |- TSL6T—
PS8 L] @
898°;] =
=

-10

0

10

50 40 30 20

80 70 60

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)
49

210 200 190 180 170 160 150 140 130 120 110 100 90




6LT T
19"

YL6'O
7669
LOO'L
6ST'L
881°L
YO¥ L
0Tk L
S
96¥ L
1IsL
9TS'L
€C8L
8E8L

e

s00°€
*og

00°F
<o
€0'1
290°C
90T
v0T

-1.0

1.0 05 0.0 -05

1.5

100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

f1 (ppm)
(500 MHz for *H NMR with CDCl; as solvent)

6T'1¢
0€'1¢

91'8¢1
96'3¢C1
8F°6CI
[secl
0L'6cl
€0l
98¢l
01zl
89°¢El
TeLET
068¢1
crect
86°6¢1
61'0vI

e

T8'L61—

-10

0

10

50 40 30 20

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

50



8VLE
£08°¢
LI8'E
L9%°E

S

€09
LvL9
199
€890
0169
0v6'0
1§69
7969
wwohﬁ
VIT L
95T L7
mmwh%
€6E'LL
iy L
09F'L

€8tL
TISL
SESL
8L
1682
¥T0's
£r0's

OMe

/802
20T
~€0'1
10z

oS

*00°1

Lo

-1.0

1.0 05 0.0 -05

1.5

f1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

FANSS
8T'sS
0T'SS
9T SS
€LENT
LYETT
PTYIL
€€l
LTI
€0'82T
€1'8TT
89'8T1
09621
L96TT
0T 0€T
L6OET
LOTET
LOTET
LY EET
67 9cT L
LEBETE
6£'8€TL
LL8RETY
et

LT6ST

81°651

or'6ST

81°09T

—

€6°LOT~
686617

-10

0

10

50 40 30 20

80 70 60

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)
51

210 200 190 180 170 160 150 140 130 120 110 100 90




££6'9
Y669
SL6'9
60T L
9TI'L
LYT'L
08T°L
6T L
90¢ L+
£CEL m
10S°L
81S°L
9eCL
L6SL
SI9°L
YEOL
I88°L
106°L

90°C
Woo.w
=10¢
907
h_.::
UM_poo.w

-1.0

1.0 05 0.0 -05

1.5

f1 (ppm)
(400 MHz for *H NMR with CDCl; as solvent)

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

(20!
8CCIT
06°¢TT
LOOTT
P€'8¢C1
L9'6cCl
0L°0¢T
€L°0¢CT
PrIel
€11
80°C¢El
crzel W

—

61'Z¢El
YTTel
86°LET}
g.mmﬁ*
o6l
€6 191
C8° 191

06°¢91
€8°¢91

6T'L6T—

-10

0

10

50 40 30 20

80 70 60

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
(125 MHz for **C NMR with CDCl; as solvent)

52



