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1. General Considerations

All the manipulations of air-and/or moisture-sensitive compounds were carried
out under a nitrogen atmosphere using standard Schlenk techniques. Reaction solvents
were dried and distilled prior to use by the literature methods. 'H and *C{1H} NMR
spectra were recorded on a Bruker DRX-600 spectrometer and all chemical shift
values refer to 8 TMS = 0.00 ppm or CDCI; (& ('H), 7.26 ppm; 8('3C), 77.16 ppm).
The HRMS analysis was achieved on Bruck microTof by using ESI method. All the
melting points were uncorrected. Analytical TLC plates, Sigma-Aldrich silica gel
60F200 were viewed by UV light (254 nm). Chromatographic purifications were
performed on SDZF silica gel 160.

2. Experimental procedures

(1) Typical procedure for the preparation of a-acetyl-a-aroyl ketene-N, S-acetals
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K2CO; (5.0 mmol) was added to a stirred solution of 1-arylbutane-1, 3-dione (5.0
mmol) in DMF (10 mL), and the mixture was stirred for 1 h at room temperature. The
isothiocyanate (5.0 mmol) was then added dropwise, and the mixture was stirred for 2
h at room temperature. The bromoethane (5.0 mmol) and K>COs (5.0 mmol) was
added. The reaction was quenched with 100 mL of H»>O after the mixture was further
stired 4 h at room temperature. The resulting mixture was extracted with
dichloromethane (3x30 mL), and the combined organic phase was washed with water,
dried over anhydrous MgSQs, filtered, and evaporated in vacuo. The crude product
was purified by silica gel chromatography (petroleum ether (30-60 °C) /diethyl
ether=30:1, v/v) to give a-acetyl-a-aroyl ketene-N, S-acetals 1a-k.

(2) Typical procedure for the preparation of a-acetyl-/V, S-acetals 11
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To a stirred solution of 4-chlorobenzenamine (635 mg, 5 mmol) in dry THF (20
mL) was added n-BuLi (2.6 mL, 6 mmol) under nitrogen atmosphere over a period of
10 min at -78 °C. The reaction mixture was brought to room temperature and further
stirred for 45 min. A solution of 4, 4-bis(ethylthio)but-3-en-2-one (900 mg, 5 mmol)
in dry THF (10 mL) was added at 0 °C, and the reaction mixture was further stirred at
room temperature for 2 h. It was refluxed for 18-20 h to complete the reaction, cooled,
poured into saturated NH4Cl solution (50 mL), and extracted with CHCI3 (3x15 mL).
The combined extracts were washed with water and brine, dried (Na2SO4), and
evaporated to give crude product which was purified by silica gel chromatography
(petroleum ether/ethyl acetate=6:1, v/v) to give 11 in 77% yield as a white solid.

(3) Typical Procedure for the Synthesis of 5-aroyl-4-halo-3-formyl pyridin-2(1H)
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The Vilsmeier reagent was prepared by adding POX3/DMF (1.5 mmol) into
icecold dry DMF (1 mL) under stirring. The mixture was then stirred for 15 min at
0 °C. To the above Vilsmeier reagent was added 1 (0.25 mmol) as a solution in DMF
(1 mL). The mixture was heated to 80 °C and stirred for 4.0 h. After cooling to room
temperature, the resulting mixture was poured into saturated aqueous NaCl (100 mL),
which was extracted with dichloromethane (3%30 mL). The combined organic phase
was washed with water, dried over anhydrous MgSOs, filtered, and evaporated in
vacuo. The crude product was purified by silica gel chromatography (petroleum

ether/ethyl acetate=4:1, v/v) to give 2 as a white solid.
(4) X-ray crystallographic studies

Single crystal X-ray diffraction data of compounds (Z)-1a were recorded on a
Bruker SMART APEX II diffractometer with graphite-monochromated Mo K «a
radiation (A= 0.71073 A) at 293K. Cell parameters were obtained by global
refinement of the positions of all collected reflections. Intensities were corrected for
Lorentz and polarization effects and empirical absorption. The structures were solved

by direct methods and refined by full-matrix least squares on F2. All non-hydrogen



atoms were refined with anisotropic temperature parameters. All hydrogen atoms on
carbon atoms were generated geometrically. Structure solution and refinement were
performed by using the SHELXL-97 program. The X-ray crystallographic files, in
CIF format, are available from the Cambridge Crystallographic Data Centre on
quoting the deposition numbers CCDC 974611for (Z)-1a. Copies of this information
may be obtained free of charge from The Director, CCDC, 12 Union Road,
Cambridge CB:IEZ, UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or

www: http://www. ccdc.cam.ac.uk).

3 Analytical data
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(Z)-2-(ethylthio(phenylamino)methylene)-1-p-tolylbutane-1, 3-dione ((£)-1a):
yield 85%. Yellowish crystalline solid. M.p.: 58-59 °C. '"H NMR (600 MHz, CDCls) &:
13.06 (s, 1H), 7.88(d,J=7.9 Hz, 2 H), 7.40 (d, /= 8.0 Hz, 2 H), 7.35 (t, 2 H), 7.27
(d, /=79 Hz, 2 H),7.21 (t, 1 H),2.43 (s, 3 H), 2.21 (q, 2 H), 2.07 (s, 3 H), 0.88 (t, 3
H). 3C NMR (150 MHz, CDCl;) &: 195.9, 194.1, 158.6, 143.9, 138.9, 137.1, 129.5
(20), 129. 4 (2 C), 129.2 (2 C), 1259, 1243 (2 C), 116.3, 29.0, 28.0, 21.7, 14.0.
HRMS Cacld for C20H2:1NO>S: ([M+H]") 340.1366; Found: 340.1366.
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(Z)-2-(ethylthio(phenylamino)methylene)-1-m-tolylbutane-1, 3-dione ((£)-1b):
yield 86%. Yellowish liquid. 'H NMR (600 MHz, CDCl3) & 13.07 (s, 1 H), 7.80 (s, 1
H), 7.76 (d, J= 7.4 Hz, 1 H), 7.40 (d, J = 8.1 Hz, 2 H), 7.37-7.33 (m, 4 H), 7.20 (t, 1
H), 2.42 (s, 3 H), 2.20 (q, 2 H), 2.08 (s, 3 H), 0.86 (t, 3 H). 3*C NMR (150 MHz,
CDCl3) & 196.3, 194.2, 158.9, 139.8, 138.9, 138.5, 133.8, 129.7, 129.3 (2C), 128.5,
126.7, 126.0, 124.3 (2C), 116.4, 29.0, 28.1, 21.4, 14.0. HRMS Cacld for C20H2:1NO:S:
([IM+H]") 340.1366; Found: 340.1380.
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(Z)-2-(ethylthio(phenylamino)methylene)-1-(4-methoxyphenyl)butane-1, 3-dione
((Z)-1¢): yield 84%. Yellowish crystalline solid. M.p.: 68-69 °C. 'H NMR (600 MHz,
CDCl3) 813.03 (s, 1 H), 7.97 (d, J= 8.6 Hz, 2 H), 7.40 (d, /= 8.0 Hz, 2 H), 7.35 (t, 2
H), 7.20 (t, 1 H), 6.96 (d, J = 8.4 Hz, 2 H), 3.88 (s, 3 H), 2.23 (q, 2 H), 2.07 (s, 3 H),
0.90 (t, 3 H). *C NMR (150 MHz, CDCl3) 8 195.0, 194.0, 163.7, 158.4, 139.1, 132.6,
131.8 (2 C), 129.3 (2 C), 126.0, 124.3 (2 C), 116.3, 114.0 (2 C), 55.6, 29.0, 28.0, 14.2.
HRMS Cacld for C20H2:1NO3S: ([M+H]") 356.1315; Found: 356.1320.
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(Z£)-2-(ethylthio(phenylamino)methylene)-1-phenylbutane-1, 3-dione ((£)-1d):
yield 88%. Yellowish crystalline solid. M.p.: 66-67 °C. "H NMR (600 MHz, CDCls) &
13.08 (s, 1 H), 7.97 (d, J= 7.3 Hz, 2 H), 7.55 (t, 1 H), 7.46 (t,2 H), 7.39 (d, J= 7.8
Hz, 2 H), 7.34 (t, 2 H), 7.20 (t, 1 H), 2.20 (g, 2 H), 2.09 (s, 3 H), 0.84 (t, 3 H). 13C
NMR (150 MHz, CDCI3) 6 196.1, 194.2, 159.1, 140.0, 139.0, 132.9, 129.3 (4 C),
128.7 (2 C), 126.1, 124.4 (2 C), 116.2, 29.1, 28.1, 14.0. HRMS Cacld for C19H19NO:S:
([M+H]") 326.1210; Found: 326.1214.
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(2)-1-(4-bromophenyl)-2-(ethylthio(phenylamino)methylene)butane-1,  3-dione
((Z)-1e): yield 90%. Yellowish crystalline solid. M.p.: 37-38 °C. '"H NMR (600 MHz,
CDCl3) 6 13.11 (s, 1 H), 7.83 (d, /= 8.5 Hz, 2 H), 7.60 (d, J = 8.5 Hz, 2 H), 7.39-7.34
(m, 4 H), 7.21 (t, 1 H), 2.20 (q, 2 H), 2.09 (s, 3 H), 0.86 (t, 3 H). 13C NMR (150 MHz,
CDCl3) & 195.0, 194.0, 159.4, 138.8, 138.7, 132.0 (2 C), 130.8 (2 C), 129.3 (2 C),
128.0, 126.3, 124.4 (2 C), 115.6, 29.0, 28.2, 14.0. HRMS Cacld for Ci19HisBrNO:S:
([IM+H]") 404.0315; Found: 404.0311.



(Z)-2-(ethylthio(phenylamino)methylene)-1-(thiophen-2-yl)butane-1, 3-dione
((2)-1f): yield 86%. Yellowish liquid. '"H NMR (600 MHz, CDCl3) & 13. 02 (s, 1 H),
7.68 (t, 2 H), 7.39 (d, J= 7.5 Hz, 2 H), 7.35 (t, 2 H), 7.21 (t, 1 H), 7.14 (t, 1 H), 2.50
(q, 2 H), 2.14 (s, 3 H), 0.92 (t, 3 H). 13C NMR (150 MHz, CDCls) & 193.5, 188.2,
158.8, 147.2, 138.7, 134.4, 133.4, 129.2 (2 C), 128.2, 126.1, 124.3 (2 C), 120.1, 28.7,
28.2, 14.0. HRMS Cacld for C17H17NO2S2: ([M+H]") 332.0774; Found: 332.0793.
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(Z)-2-((p-toluidino)(ethylthio)methylene)-1-phenylbutane-1, 3-dione ((£)-1g):
yield 83%. Yellowish crystalline solid. M.p.: 61-62 °C.'"H NMR (600 MHz, CDCls) &
(£)-1g: 13.09 (s, 1 H), 7.96 (d, J=7.6 Hz, 2 H), 7.56 (t, 1 H), 7.47 (t,2 H), 7.27 (d, J
=7.4 Hz, 2 H), 7.15 (d, J= 7.9 Hz, 2 H), 2.34 (s, 3 H), 2.20 (q, 2 H), 2.08 (s, 3 H),
0.84 (t, 3 H). *C NMR (150 MHz, CDCl3) 8 196.3, 194.0, 159.6, 140.0, 136.2, 136.0,
132.9,129.9 (2 C), 1293 (2 C), 128.6 (2 C), 1243 (2 C), 115.8, 29.0, 28.1, 21.1, 14.0.
(HRMS Cacld for C20H21NO,S: ([M+H]") 340.1366; Found: 340.1370.
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(Z)-2-((m-toluidino)(ethylthio)methylene)-1-phenylbutane-1, 3-dione ((£)-1h):
yield 85%. Yellowish liquid. 'H NMR (600 MHz, CDCl3) 8 13. 07 (s, 1 H), 7.97 (d, J
=7.4Hz, 2 H), 7.55 (t, 1 H), 7.46 (t, 2 H), 7.21 (t, 2 H), 7.19 (s, 1 H), 7.01 (d,J=7.5
Hz, 1 H), 2.34 (s, 3 H), 2.22 (q, 2 H), 2.08 (s, 3 H), 0.85 (t, 3 H). 3*C NMR (150 MHz,
CDCl3) 6 196.2, 194.1, 159.3, 139.9, 139.3, 138.8, 132.9, 129.3 (2 C), 129.1, 128.6 (2
C), 126.9 124.9, 121.3, 116.0, 29.0, 28.1, 21.4, 14.0. HRMS Cacld for C20H2:1NO:S:
([M+H]") 340.1366; Found: 340.1385.
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(Z£)-2-(ethylthio(4-fluorophenylamino)methylene)-1-phenylbutane-1, 3-dione
((Z2)-1i): yield 75%. Yellowish liquid. '"H NMR (600 MHz, CDCls) 8 13. 01 (s, 1 H),
7.96 (d, J=8.3 Hz, 2 H), 7.56 (t, 1 H), 7.47 (t, 2 H), 7.36-7.34 (m, 2 H), 7.05 (t, 2 H),
2.20 (q, 2 H), 2.09 (s, 3 H), 0.85 (t, 3 H). 3C NMR (150 MHz, CDCl3) 8 196.1, 194.4,
161.6, 160.0, 159.2, 139.9, 133.1, 129.3 (2C), 128.7 (2 C), 126.4, 126.3, 116.4,
116.3,116.1, 29.1, 28.2, 14.0. HRMS Cacld for CioH1sFNO:S: ([M+H]") 344.1115;
Found: 344.1119.
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(Z£)-2-((benzylamino)(ethylthio)methylene)-1-phenylbutane-1, 3-dione ((£)- 1j):
yield 87%. Yellowish crystalline solid. M.p.: 61-62 °C. "H NMR (600 MHz, CDCls) &
12.16 (s, 1 H), 7.90 (d, J=7.9 Hz, 2 H), 7.54 (t, 1 H), 7.44 (t, 2 H), 7.37 (t, 2 H), 7.30
(d, J=7.2Hz, 3 H), 4.77 (d, J= 5.8 Hz, 2 H), 2.62 (q, 2 H), 2.09 (s, 3 H), 1.00 (t, 3
H). *C NMR (150 MHz, CDCls) 8 196.2, 193.8, 162.6, 140.3, 137.3, 132.5, 129.1 (2
C), 128.8 (2 (), 128.4 (2 C), 127.6, 126.9 (2 C), 114.35, 48.9, 30.4, 28.6, 14.2. HRMS
Cacld for C20H2:1NO:S: ([M+H]") 340.1366; Found: 340.1378.
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(Z)-2-((o-toluidino)(ethylthio)methylene)-1-phenylbutane-1, 3-dione ((£)-1k):
yield 87%. Yellowish liquid. '"H NMR (600 MHz, CDCl3) & 13.08 (s, 1 H), 7.97 (d, J
=7.4 Hz, 2 H), 7.55 (t, 1 H), 7.46 (t, 3 H), 7.22 (d, J=7.3 Hz, 1 H), 7.19-7.13 (m, 2
H), 2.37 (s, 3 H), 2.17 (g, 2 H), 2.11 (s, 3 H), 0.83 (t, 3 H). 3*C NMR (150 MHz,
CDCl3) 6 196.2, 194.1, 160.7, 140.1, 137.6, 132.9, 132.8, 130.9, 129.3 (2 C), 128.6 (2
C), 126.6, 126.5, 125.5, 115.8, 28.9, 28.1, 18.2, 14.0. HRMS Cacld for C20H21NO>S:
([M+H]") 340.1366; Found: 340.1382.



(Z)-4-(4-chlorophenylamino)-4-(ethylthio)but-3-en-2-one 11: yield 76%. White
crystalline solid, M.p.: 68-69 °C. '"H NMR (600 MHz, CDCI3) 6 12.93 (s, 1 H), 7.30
(d, J=8.8 Hz, 2 H), 7.19 (d, J = 8.6 Hz, 2 H), 5.26 (s, 1 H), 2.84 (q, 2 H), 2.13 (s, 3
H), 1.32 (t, 3 H). 3C NMR (150 MHz, CDCls) & 193.4, 164.5, 137.1, 131.7, 129.2 (2
C), 126.6 (2 C), 93.1, 29.4, 26.1, 13.4. HRMS Cacld for C12H14CINOS: ([M+H]")
256.0557; Found: 256.0553.
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4-chloro-5-(4-methylbenzoyl)-6-oxo-1-phenyl-1, 6-dihydropyridine-3-carbaldeh-
yde 2a: yield 85%. White solid. M.p.: 160-161 °C. '"H NMR (600 MHz, CDCl3) &
10.14 (s, 1 H), 8.30 (s, 1 H), 7.85 (d, /= 8.2 Hz, 2 H), 7.53-7.48 (m, 3 H), 7.40 (d, J =
8.5 Hz, 2 H), 7.29 (d, J = 8.0 Hz, 2 H), 2.43 (s, 3 H). *C NMR (150 MHz, CDCls)
3 190.3, 185.6, 158.6, 145.8, 143.8, 143.2, 138.6, 133.1, 130.0, 129.9 (3 C), 129.8 (2
C), 129.7 (2 C), 126.3 (2 C), 114.5, 22.0. HRMS Cacld for C20H14CINOs: ([M+H]")
352.0735; Found: 352.0739.

07 °N

4-bromo-5-(4-methylbenzoyl)-6-oxo-1-phenyl-1,6-dihydropyridine-3-carbaldehy
de 2b: yield 81%. White solid. M.p.: 173-174 °C. 'H NMR (600 MHz, CDCls)
10.10 (s, 1 H), 8.26(s, 1 H), 7.85 (d, J = 8.2 Hz, 2 H), 7.53-7.48 (m, 3 H), 7.40 (d, J =
8.5 Hz, 2 H), 7.29 (d, J = 8.0 Hz, 2 H), 2.43 (s, 3 H). *C NMR (150 MHz, CDCls)
0 191.2, 187.5, 158.2, 145.7, 143.3 (2 C), 138.6, 133.0, 132.8, 132.6, 129.8 (2 O),
129.7 (2 C), 129.6 (2 C), 126.1 (2 C), 115.0, 22.0. HRMS Cacld for C20H14BrNOs:
([M+H]") 396.0230; Found: 396.0218.
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4-chloro-5-(3-methylbenzoyl)-6-oxo-1-phenyl-1,6-dihydropyridine-3-carbaldehyd
e 2¢: yield 82%. Yellowish solid. M.p.: 171-172 °C. 'H NMR (600 MHz, CDCl3) &
10.18 (s, 1 H), 8.34 (s, 1H), 7.80 (s, 1 H), 7.55 (d, J= 7.7 Hz, 1 H), 7.57-7.52 (m, 3
H), 7.47 (d, J = 7.4 Hz, 1 H), 7.45-7.40 (m, 3 H), 2.45 (s, 3 H). 13C NMR (150 MHz,
CDCl3) & 190.9, 185.5, 158.5, 143.7, 143.2, 139.0, 138.6, 135.5, 135.4, 129.9, 129.7
(4 C), 1289, 126.8, 126.2 (2 C), 114.5, 21.4. HRMS Cacld for CoH14CINO:s:
([M+HT") 352.0735; Found: 352.0730.

O” °N

4-bromo-5-(3-methylbenzoyl)-6-oxo-1-phenyl-1, 6-dihydropyridine-3-carbaldeh-
yde 2d: yield 80%. Yellowish solid. M.p.: 163-164 °C. 'H NMR (600 MHz, CDCls) &
10.11 (s, 1 H), 8.27 (s, 1H), 7.78 (s, 1 H), 7.74 (d, J= 7.7 Hz, 1 H), 7.53-7.49 (m, 3 H),
7.44 (d, J = 7.5 Hz, 1 H), 7.42-7.38 (m, 3 H), 2.42 (s, 3 H). 3C NMR (150 MHz,
CDCl) 6 191.8, 187.5, 158.2, 143.4, 139.0, 138.6, 135.4, 135.0, 133.1, 132.8, 129.8,
129.7 (3 C), 129.0, 126.9, 126.1 (2 C), 115.1, 21.4. HRMS Cacld for C20H14BrNOs:
([M+H]") 396.0230; Found: 396.0231.

4-chloro-5-(4-methoxybenzoyl)-6-oxo-1-phenyl-1,6-dihydropyridine-3-carbaldeh
yde 2e: yield 85%. Yellowish solid. M.p.: 140-141 °C. '"H NMR (600 MHz, CDCIs) &
10.13 (s, 1 H), 8.29 (s, 1 H), 7.92 (d, /= 8.8 Hz, 2 H), 7.53-7.48 (m, 3 H), 7.39 (d, J =
7.3 Hz, 2 H), 6.96 (d, J = 8.8 Hz, 2 H), 3.87 (s, 3 H). 3C NMR (150 MHz, CDCl5)
5 189.3, 185.8, 165.0, 158.8, 143.9, 143.3, 138.9, 132.2 (2 C), 130.3, 130.1, 130.0 (2
C), 128.8, 126.5 (2 C), 114.8, 114.7 (2 C), 56.0. HRMS Cacld for CooH14CINO4:
([IM+H]") 368.0685; Found: 368.0680.
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4-bromo-5-(4-methoxybenzoyl)-6-oxo-1-phenyl-1, 6-dihydropyridine-3-carbalde-
yde 2f: yield 83%. Yellowish solid. M.p.: 96-97 °C. 'H NMR (600 MHz, CDCls) &
10.10 (s, 1 H), 8.26 (s, 1 H), 7.92 (d, /= 8.8 Hz, 2 H), 7.53-7.48 (m, 3 H), 7.39 (d, J =
7.4 Hz, 2 H), 6.96 (d, J = 8.8 Hz, 2 H), 3.88 (s, 3 H). 13C NMR (150 MHz, CDCl5)
3 190.0, 187.5, 164.7, 158.2, 143.3, 138.6, 133.0, 132.8, 132.0 (2 C), 129.8, 129.7 (2
C), 128.1, 126.1 (2 C), 115.0, 114.8 (2 C), 55.6. HRMS Cacld for C20H14BrNOu:
([M+H]") 412.0180; Found: 412.0182.

5-benzoyl-4-chloro-6-oxo-1-phenyl-1, 6-dihydropyridine-3-carbaldehyde 2g:
yield 84%. Yellowish solid. M.p.: 138-139 °C. 'H NMR (600 MHz, CDCl3) & 10.14 (s,
1 H), 8.31 (s, 1 H), 7.95 (d, J=7.5 Hz, 2 H), 7.63 (t, 1 H), 7.52-7.49 (m, 5 H), 7.39 (d,
J=17.3 Hz, 2 H). 3C NMR (150 MHz, CDCls) & 190.7, 185.4, 158.5, 143.8, 143.3,
138.5, 135.4, 134.5, 129.9, 129.8 (2 C), 129.7, 129.4 (2 C), 129.1 (2 C), 126.2 (2 C),
114.5. HRMS Cacld for C19H12CINO3: ([M+H]") 338.0579; Found: 338.0582.

5-benzoyl-4-bromo-6-0xo0-1-phenyl-1, 6-dihydropyridine-3-carbaldehyde 2h:
yield 84%. Yellowish solid. M.p.: 148-149 °C. 'TH NMR (600 MHz, CDCl3) & 10.10 (s,
1 H), 8.27 (s, 1 H), 7.96 (d, J= 7.4 Hz, 2 H), 7.63 (t, 1 H), 7.53-7.49 (m, 5 H), 7.39 (d,
J=17.4 Hz, 2 H). 3C NMR (150 MHz, CDCls) & 191.6, 187.4, 158.2, 143.5, 138.5,
135.0, 134.5, 133.2, 132.6, 129.9, 129.7 (2 C), 129.5 (2 C), 129.1 (2 C), 126.1 (2 C),
115.0. HRMS Cacld for C19H12BrNOs: ([M+H]") 382.0074; Found: 382.0081.



5-(4-bromobenzoyl)-4-chloro-6-0xo-1-phenyl-1,6-dihydropyridine-3-carbaldehyd
e 2i: yield 79%. Yellowish solid. M.p.: 106-107 °C. 'H NMR (600 MHz, CDCls)
10.13 (s, 1 H), 8.31 (s, 1 H), 7.80 (d, J = 8.5 Hz, 2 H), 7.64 (d, J = 8.5 Hz, 2 H),
7.53-7.49 (m, 3 H), 7.39 (d, J = 8.5 Hz, 2 H). 1*C NMR (150 MHz, CDCl;) & 189.5,
185.0, 158.2, 143.8, 143.4, 138.2, 134.0, 132.2 (2 C), 130.6 (2 C), 129.8, 129.7 (2 C),
129.5, 128.8, 1259 (2 C), 114.2. HRMS Cacld for CioH11BrCINOs: ([M+H]")
415.9684; Found: 415.9681.

4-bromo-5-(4-bromobenzoyl)-6-0xo0-1-phenyl-1,6-dihydropyridine-3-carbaldehyd
-e 2j: yield 77%. Yellowish solid. M.p.: 92-93 °C. '"H NMR (600 MHz, CDCl3) &
10.10 (s, 1 H), 8.28 (s, 1 H), 7.81 (d, J = 8.5 Hz, 2 H), 7.65 (d, J = 8.5 Hz, 2 H),
7.53-7.50 (m, 3 H), 7.39 (d, J = 8.3 Hz, 2 H). 1*C NMR (150 MHz, CDCl3) & 190.7,
187.2, 158.2, 143.7, 138.6 133.8, 133.5, 132.5 (2 C), 130.8 (2 C), 130.0, 129.9, 129.8
(2C), 126.1 (2 C), 115.1. HRMS Cacld for C1oH11BroNOs: ([M+H]") 459.9179; Found:
459. 9185.

4-chloro-6-oxo-1-phenyl-5-(thiophene-2-carbonyl)-1,6-dihydropyridine-3-carbald
ehyde 2k: yield 80%. White solid. M.p.: 115-117 °C. '"H NMR (600 MHz, CDCls)
10.15 (s, 1 H), 8.31 (s, 1 H), 7.78 (d, J = 4.9 Hz, 1 H), 7.69 (d, J = 3.8 Hz, 1 H),
7.54-7.50 (m, 3 H), 7.40 (d, /= 8.4 Hz, 2 H), 7.16 (d, J= 8.7 Hz, 1 H). 3C NMR (150
MHz, CDCls) & 185.4, 182.3, 158.4, 144.0, 143.6, 142.5, 138.5, 136.1, 135.0, 129.9,
129.7 (2 C), 129.5, 128.6, 126.2 (2 C), 114.4. HRMS Cacld for Ci7H10CINO3S:
(IM+H]") 344.0143; Found: 344.0143.

4-bromo-6-0x0-1-phenyl-5-(thiophene-2-carbonyl)-1,6-dihydropyridine-3-carbal
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dehyde 2I: yield 79%. White solid. M.p.: 136-137 °C. '"H NMR (600 MHz, CDCl;) &
10.13 (s, 1 H), 8.30 (s, 1 H), 7.80 (d, J = 4.8 Hz, 1 H), 7.69 (d, J = 3.8 Hz, 1 H),
7.56-7.53 (m, 3 H), 7.44 (d, J = 8.3 Hz, 2 H), 7.18 (d, J= 8.7 Hz, 1 H). *C NMR (150
MHz, CDCls) & 187.4, 183.4, 158.1, 143.6, 142.1, 138.5, 136.1, 135.0, 133.5, 132.4,
129.9, 129.7 (2 C), 128.6, 126.1 (2 C), 115.0. HRMS Cacld for Ci7H10BrNOsS:
([M+H]") 387.9638; Found: 387.9640.

5-benzoyl-4-chloro-6-0xo-1-p-tolyl-1,6-dihydropyridine-3-carbaldehyde 2m: yield
85%. White solid. M.p.: 72-73 °C. 'H NMR (600 MHz, CDCl3) & 10.14 (s, 1 H), 8.30
(s, 1 H), 7.94 (d, J=7.2 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t, 2 H), 7.30 (d, /= 8.4 Hz, 2 H),
7.27 (d, J= 8.4 Hz, 2 H), 2.41 (s, 3 H). 3C NMR (150 MHz, CDCl3) 6 190.7, 185.5,
158.6, 143.9, 143. 2, 140.1, 136.0, 135.4, 134.5, 130.2 (2 C), 129.4 (2 C), 129.0 (2 O),
125.8 (2C), 114.3, 21.2. HRMS Cacld for C20H14CINO3: ([M+H]") 352.0735; Found:
352.0736.

5-benzoyl-4-bromo-6-o0xo-1-p-tolyl-1,6-dihydropyridine-3-carbaldehyde 2n: yield
81%. White solid. M.p.: 87-88 °C. 'H NMR (600 MHz, CDCl3) & 10.12 (s, 1 H), 8.29
(s, 1 H), 7.98 (d, J=17.8 Hz, 2 H), 7.65 (t, 1 H), 7.52 (t, 2 H), 7.34-7.29 (m, 4 H), 2.44
(s, 3 H). 3C NMR (150 MHz, CDCl;) & 191.6, 187.4, 158.2, 143.5, 140.1, 135.9,
134.9, 134.4, 133.0, 132.3, 130.2 (2 C), 129.4 (2 C), 129.0 (2 C), 125.7 (2C), 114.9,
21.7. HRMS Cacld for C20H14BrNOs3: ([M+H]") 396.0230; Found: 396.0240.

5-benzoyl-4-chloro-6-0xo-1-m-tolyl-1,6-dihydropyridine-3-carbaldehyde 2o0: yield
82%. White solid. M.p.: 124-125 °C. 'H NMR (600 MHz, CDCl3) & 10.14 (s, 1 H),
8.30 (s, 1 H), 7.94 (d, J= 8.4 Hz, 2 H), 7.62 (t, 1 H), 7.50 (t, 2 H), 7.39 (t, 1 H), 7.28

12



(d, J=7.7Hz, 1 H), 7.19 (t, 2 H), 2.41 (s, 3 H). *C NMR (150 MHz, CDCl3) & 190.7,
185.5, 158.6, 143.9, 143. 3, 140.0, 138.4, 135.4, 134.5, 130.6, 129.6, 129.5, 129.4 (2
C), 129.1 (2 C), 126.7, 123.1, 114.3, 21.3. HRMS Cacld for C20H14CINO3: ([M+H]")
352.0735; Found: 352.0737.

5-benzoyl-4-bromo-6-0x0-1-m-tolyl-1,6-dihydropyridine-3-carbaldehyde 2p:
yield 83%. White solid. M.p.: 138-139 °C. 'H NMR (600 MHz, CDClz) 3 10.10 (s, 1
H), 8.26 (s, 1 H), 7.97 (d, J= 8.1 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t, 2 H), 7.40 (t, 1 H),
7.28 (d, J=7.6 Hz, 1 H), 7.20 (t, 2 H), 2.41 (s, 3 H). 3C NMR (150 MHz, CDCls) §
191.6, 187.4, 158.3, 143.5, 140.0, 138.4, 135.0, 134.4, 133.1, 132.5, 130.6, 129.5,
129.4 (2 C), 129.0 (2 ©), 126.2, 123.1, 114.9, 21.3. HRMS Cacld for C20H14BrNO:s:
([IM+H]") 396.0230; Found: 396.0231.

5-benzoyl-4-chloro-1-(4-fluorophenyl)-6-0x0-1,6-dihydropyridine-3-carbaldehyd
e 2q: yield 79%. White solid. M.p.: 148-149 °C. '"H NMR (600 MHz, CDCl3) $ 10.14
(s, 1 H), 8.27 (s, 1 H), 7.94 (d, J= 8.0 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t, 2 H), 7.41-7.38
(m, 2 H), 7.20 (t, 2 H). 3C NMR (150 MHz, CDCI3) & 190.5, 185.4, 163.8, 162.1,
158.5, 143.6, 143.4, 135.3, 134.6, 134.4, 129.4, 129.1 (2 C), 128.2 (2 C), 128.1, 116.9,
116.7, 114.6. HRMS Cacld for CoH;CIFNOs: ([M+H]") 356.0485; Found: 356.0484.

5-benzoyl-4-bromo-1-(4-fluorophenyl)-6-oxo-1, 6-dihydropyridine-3-carbaldehy-

de 2r: yield 78%. White solid. M.p.: 128-129 °C. '"H NMR (600 MHz, CDCls)
10.10 (s, 1 H), 8.23 (s, 1 H), 7.95 (d, J = 8.0 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t, 2 H),
7.42-7.38 (m, 2 H), 7.20 (t, 2 H). *C NMR (150 MHz, CDCl3) 8 191.4, 187.3, 164.2,
161.2, 158.2, 143.2, 134.9, 134.5, 133.3, 132.8, 129.5 (2 C), 129.1 (2 C), 128.2, 128.1,

13



116.9, 116.7, 115.2. HRMS Cacld for CioHiiBrFNOs: ([M+H]") 399.9979; Found:
399.9981.

O~ N

5-benzoyl-1-benzyl-4-chloro-6-oxo-1, 6-dihydropyridine-3-carbaldehyde 2s: yield
85%. White solid. M.p.: 129-130 °C. 'H NMR (600 MHz, CDCl3) 4 10.05 (s, 1 H),
8.23 (s, 1 H), 7.90 (d, /= 8.0 Hz, 2 H), 7.63 (t, 1 H), 7.49 (t, 2 H), 7.39-7.37 (m, 3 H),
7.36-7.34 (m, 2 H), 5.18 (s, 2 H). *C NMR (150 MHz, CDCl;3) 6 190.7, 185.3, 159.0,
143.1, 143.0, 135.4, 134.5, 134.1, 129.4 (4 C), 129.2, 129.1 (2 C), 129.0, 128.9 (2 O),
114.5. 53.2.  HRMS Cacld for C20H14CINO3: ([M+H]") 352.0735; Found: 352.0742.

5-benzoyl-1-benzyl-4-bromo-6-o0xo0-1,6-dihydropyridine-3-carbaldehyde 2t:

yield 85%. White solid. M.p.: 137-138 °C. 'H NMR (600 MHz, CDClz) 8 10.00 (s, 1
H), 8.20 (s, 1 H), 7.90 (d, /= 7.3 Hz, 2 H), 7.63 (t, 1 H), 7.49 (t, 2 H), 7.39-7.35 (m, 5
H), 5.16 (s, 2 H). 3C NMR (150 MHz, CDCls) 8 191.7, 187.3, 158.7, 142.7, 135.0,
134.5, 134.1, 132.9, 131.8, 129.5 (2 C), 129.4 (2 C), 129.2, 129.1 (2 C), 128.8 (2 C),
115.1. 53.3. HRMS Cacld for C20H14BrNOs: ([M+H]") 396.0230; Found: 396.0237.

5-benzoyl-4-chloro-6-0xo-1-o-tolyl-1,6-dihydropyridine-3-carbaldehyde 2u: yield
77%. White solid. M.p.: 66-67 °C. 'H NMR (600 MHz, CDCl3) & 10.14 (s, 1 H), 8.19
(s, 1 H), 7.93 (d, /=83 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t, 2 H), 7.39 (t, 1 H), 7.35 (d, J
=7.5Hz, 2 H), 7.20 (d, J=7.9 Hz, 1 H), 2.19 (s, 3 H). *C NMR (150 MHz, CDCl3) &
190.5, 185.4, 158.2, 144.1, 143.5, 137.9, 135.5, 134.7, 134.5, 131.5, 130.3, 129.7,
1293 (2 C), 129.1 (2 ©), 127.6, 126.8, 114.4. 17.7. HRMS Cacld for C20H14CINO:s:
([IM+HT") 352.0735; Found: 352.0741.



5-benzoyl-4-bromo-6-o0xo0-1-o0-tolyl-1,6-dihydropyridine-3-carbaldehyde 2v:
White solid. M.p.: 73-754 °C. '"H NMR (600 MHz, CDCl3) 4 10.10 (s, 1 H), 8.16 (s, 1
H), 7.93 (d,J=8.3 Hz, 2 H), 7.63 (t, 1 H), 7.50 (t,2 H), 7.39 (t, 1 H), 7.35 (d, J=7.5
Hz, 2 H), 7.20 (d, J = 7.8 Hz, 1 H), 2.19 (s, 3 H). 1*C NMR (150 MHz, CDCI;)
191.5, 187.4, 158.8, 143.8, 137.9, 135.1, 134.7, 134.4, 133.3, 132.5, 131.5, 130.3,
129.4 (2 C), 129.1 (2 C), 127.6, 126.8, 115.0. 17.7. HRMS Cacld for C20H14BrNOs:
(IM+H]") 396.0230; Found: 396.0235.

Cl

N~ O

4-chloro-1-(4-chlorophenyl)-2-0x0-1,  2-dihydropyridine-3-carbaldehyde 2w:
yellowish solid. M.p.: 166-167 °C. 'H NMR (600 MHz, CDCls) &: 10.27 (s, 1 H), 7.59
(d,/=7.1Hz, 1 H),7.53(d,J=8.5Hz, 2 H),7.27(d,J=84Hz 2 H),6.76 (d,J=
7.1 Hz, 1 H). '*C NMR (150 MHz, CDCls) & 187.4, 181.9, 144.4, 141.9, 140.7,
136.3, 1359, 130.2 (2 C), 128.1 (2 C), 115.2. HRMS Cacld for Ci2H7CI2NO:z:
(IM+H]") 267.9927; Found: 267.9928.



5-15-Yuhf'

£}

0i3-
1 NMR yuhf'3

9

4. Copies of NMR spectra for new compounds

9

9898°0
mowm.owf
2£68°0

51902

womvm/

oz —
5122
1122
0L£2T \
00s+'Z

6261°L

150C°L

8LiC’L

6092 LA

£€89¢°L

Glge'L ———
0Lg€’L

0ose'L T
129¢°L

L26eL

ySov'L

G9/8°L

1688,

1GG0€L— g

in £DCIR

013-05-13

Gi'e
Mwm,o

dod W

1 (ppm)

7.8

i

~
g

ce]

8.1

2013-5-15-Yuhf. 1y

LENR yunf3 @13

2013-05-13

=pZ'e

u\._‘w.m

Ve

=00’

f1 (ppm)

10

15 14 13 12

16

Lovi—
eLe—

0082~
G6'8C—

8§79
0621
mm,mﬁw
1562t
gL~

z68eL”
06'¢yL—

29861 —

P61~
G6L-"

013 05-13

0~
13C NMR yuhf3 in O3

2013-5-15-Yuhf'
L

9T veL—
£6'52L—
02624

9862~
156217

13C NMR yuht3 in CDCJ3
2013-05-13

2013 5 15-Yuh

128 126
f1 (ppm)

130

132

134

—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
16

210




6180 9
29580 ——— - i
68980 L o
1¥80°Z 4 [0 86°€L
SLILT - RATAN
: . 5082
86817 . . B serel .
Leoz'e e — 3 vie co6e~
vrize — ———= 380w
10vE'T gLel
6LI'Z L
0
™
[ O:
e}
L9 .
z L §6'9L
o=\ N@ S.RW
. o %) Fa 1820
€812 e .
56612 2 L
8Lz L .
60£€'. LB
6EEE L7 -
1GvE L . L v
mBm.TTJ’H AuL Lley oF mww&
L29€L o £z 28 i
626€ 4 f o =y = €921
ov6E /1 OFLE & esazh szveL”
a3y Lo 1z62L S
Y0544 w 1L6zL €L9zL—
229,11 L 18'eEL £6°8Zh~
v¥08°L : \ Ly8el 1T62L~
bagLa , r [ o z6'8¢1 o
wmwmm | - = 91°6€L
~ -
60€€’ y .
=2 Tpls _—
6EEE'L ¢ [ 98851 —
LSPEL [ 2 =
menmmw = L8y L
VL9ET = ket - -
6e6e. L eE Lo LESEL~.
OvBE L =g, 5 26881~
S90%'L [ = L or6el”
~ 0 ) 2 uﬂ,
vOSL [~ i LV Y6~ ey
N@NMV,/\ SHarer " - Ze96L" 7 m b
6v90°¢)— g1 =0k - Loouf i8g
é R 0
- EX Mo
= 555 r i =
£ EE M © <
ke [ e
3=5 %2

110 100 90 80 70 60 50 40 30 20 10
17

120
f1 (ppm)

138 134 130 126
1 (ppm)
170 160 150 140 130

180

142
190

40 230 220 210 200



21680
mmom.oWJ - 82| —
86160
1990' ev—
91072 eb o
DA Y —— - B Mwm.w .
§522T 2082~
hiad 96'92~
ol 4
r898 € B {520
6288'¢ . orer z
[e] 2 (@] - Z
. A v 29'65— o .
o m " . TR
. (o]
525691 3 o mmw@. #
§996'9 e o
2881 'L
50022 A
mSNsW — wmo.r M
05€€L —_— = x0ze
2ULYEL seel
86GE L - — -zl ok
LE6€L &
VL0V L =
ov96'L -1 S6°ELl~
6826'L GZCE Lo £eoLL— . )
= z . SEELL— —
2881, - ceolL— -1
moom.VV = gyt o L e mmumwvw W
caiz sl ozt Ly |
0se = L« SEEL g,
zveL - ~ 06t |
865€'L L og [~
- ~
i 5 -
=% o 9e'85L— 86'62)— -
9896°L~y L . : |
Yoo = i A=) YLE€9L— = )
66’ , % 6g6zI— -
) _c Lo = !
LEE0'EL— I ia S -5 =00k = PERTIEN -
L BELEL— -1
gy F e ok W
LEZ L < wES ,
§=8 - g
> [2:2 7T o
2 LEVELS
: LB =
052 e ;23
EEE SZ5

100 90 80 70 60 50 40 30 20 10

18

120 110
f1 (ppm)

130 125 120 115
1 (ppm)
180 170 160 150 140 130

135

200 190

210




yuh160-69

9v28'0
%mm.ow, ——— =gzt |
26180 -
yHs0 i 66°€
68L1Z7 ) -
£L6L’ — . JIEE b
98022 ——— - — mﬂmr.w
. 1 eeo €18z
6512C 8
s . 50'62
i
T Fw
~ 30 3
L2811 = 56°9. —
. 5 ' ,
e ‘s - ni) %
862¢ ' )
SEvE /A
655€ L S0 |
£988 L\ e Jorz [©
g66e L = vz
2061 LY q mﬁmm.m =
829y’ S — A2 s mN.o:/
mﬁ:; 50T x4 18920
50b5°] £ S@N)
125511 L8LL b e Lo'8el
7506'2] gl . o
96 VZLzL A
¥516°21 86281 =HEGO'L | vmwmﬂw
mmvms// f Fe MMNM\ N
m@mﬁw/ -=T9/,2 60°eed
SOBELT TSNyl
€868 HRlesz[ @ L= .
sl 8
85.v'L 2 ezl
50v5'L P Lo
ZosL S
Bg0s'L i 2
5Z80°€L— —_ mmmwmv =150z - =00 [ ¢ vezeL—
=l LT PBL~ =
Zoe e £ o8 g
22y ﬁ |« 228
& - B
=g B

80 70 60 50 40 30 20 10

90

110

f1 (ppm)
19

130

129 126
f1 (ppm)
150

170

132

190

135

210

230




26¥8'0

m_‘ow.ow

6€/8°0

G980°¢C

128172

¥v61°C ———
1902°C -
L6lee

6662°C7

ZvoT Ly

rASIXAVA

1822 'L

LBEE L

Gese’L s
959¢’L

£8/8'L —
606€°L

mwow.ﬁ

¥919'L

78¢8°L

€TY8'L

501 €L— T

2v0T Ly
9l L
1822,

16EE°L
ge5e’
959¢°L
8%77\
606€E 'L
£2094~
v91927
78284~
£2v8 L7

1 NMR yu2 in CDCI3

2013-07-29

yul-20

1e

LE

60°

84 82 80 7.8 76 74 72 70 68
1 (ppm)

=qT¢

ove
Lerz
vz0

ot
=ggy
~I€T
60T

=00}

10

12

13

14

15

16

1 (ppm)

0oy —

6182~
10627

5692
oL'LL
L1

Y9 GLL—
6¢ v2ly
1292
£0'8zL—
voamﬁﬁ
LL0EL
96 LEL
zLeel

088t

Ge'65L—

LR GIRN
€061

= (CHETR

>
i,

vul-20
130 \UR v
nid i

o o
g e
5
v[l‘w
=
6evel— it
17921~ -~ T
~ -
ry
£0'8ZL— -t
ve'8zL— — .z
g
-2
1008V — — Iz
96,11 — — _
g i
o5
ok &
=83 F o

40 230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

20



wn
88060 [
N_‘Nm.ow —_— = =€LEL
SE€6'0 )
SIvLT B = 00'¥i—
£L£2T .
96VZZ — ) — {8
61927 - e .
mﬁm.w\ Aa “9zof o Pty
962v'T -
wn
F e
w
Lo o
I (o]
5 - 56°9L "
- : L E.RW /!
80€} L - e
SlElL
€561, Fa
§L0T'L ] N
%61Z'L { JerhL
6eeE’L —_ w xwm.m £
9LpE L _ Fe
009€". ) 408 g
598€°L 1% = ]
066€ 'L Lo i
e o RN
26191 il
¥G89'L [t AN r [ mwumN_‘
80EL 'L = o ww.wmw
SLEL'LA . = 2 zL8eL
€613 - sz’ eepzL—
mSN.»W =Fs0t o)
96122 - re §2'851—
6EEE LN FR :
VeSS, =Lt 7) [ v
009€ =kt £ 5
G98E'L & R
066€ L =
o [ 0z'8zL—
. i 0 zz'98L— :
0Eo L < or'esL— gese
19L0°EL— — CQLg e = ozt - Foo'tp =
¥g89'L ™~ & &
£ [ I -
g EEE ﬁ o L g ok m
: & = 2 on
28 = 3 -
o ¥
582 i g
s=2 gl

30

=
70 60 50 40

80

90

110
f1 (ppm)
21

130

129 127 125
1 (ppm)
170 150

190

131

210

133

230




L0€8°0

omvw.ow Sy

€598°0
6£80°C
€9L1'T

ogbey
8002°C e ——

LELee
06€CC
[2A244
LTveT
cerr'e

8crl'L
09S1°L

08L¥'L
LG¥S L
CLSS'L
£69G°L
69G6'L
9696°L

9980l — ===

NMR yuhf'l6 in CDCI3

2013-06-07

201%-6-8

i

819z'L =
ZiTL O=R_F A v
085Y'. _

agor's vt N & e

8zl N
0951
8LOZ L
iTL
0ESY L
Pt it
08LY’
LSYSL
2USS'L
£695'L

69567
ogbe 1

2013-6-8
1H \MR yuhf16 in Ci
2013-06-07

e

1 (ppm)

8.5

0ce

cler

620
L€°0

0s'¢ L

JLozF

=642
2zeT

oLL|

gei

00}

10
1 (ppm)

15 14 13 12

16

66°€L"
JLNTAN

01'82 .
_‘o.mNV

189
wo.tv
62°LL

2861 —
veveL

No.wﬁw
LEBZL
mm,mﬁm
18284

mo.oe\
LZ'9EL \

€0'0v1

G5'6G1—

£0'P6L~
0€,961

13C NMR yuhf16 in CDCl

2013-6-8
2013-06-07

.

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
22

190

40 230 220 210 200



62€8°0
vam‘oW‘!
G680

$€80'C
SveL'e
6861°C
e
§Geeee
8G€CT
LI¥eT

0900°L
0510°L
061 'L
Wvle'l
yeee L
98vy'L
CLov'L
Wly'L
18€5°L
€06G°L
G29G'L
0196'L
peLE'L

€L90°€l—

3
DR yud in CDCI3

2013-07-29

vl

09004
051027
¥061°L
::N/.WW
veze'L
98y L
4} ﬁ%
WLy
18ES IF
momms\
§295°L

2013-07-29

b=
LIl NMR yud R EBCI3
4

yul-20

I
- =gpe|
6e'c
= = 0e0[
= w/mm.mh
05°¢
L
L
9L
_ Moi.
_ 60Z[
Rz
- ez
ez
=3 o0}
i [
_J 0Ll .
= m/mo y N~
L
~= Pl v r
s Sdg~
= rezy “E L
s
[ = L
2 h
= L0z L
b mm L
ﬁ - rookp

135 125 1.5 10.5 95 8.5 6.5 5.5 45 35 25 1.5 05
1 (ppm)

14.5

86°¢ClL
6€'Le~\
60'8¢

mm.wNV

G69L
wv.tv
LE°LL

00°9LL
LT _‘N_‘/
mw.wmv/
88921
£€9'8¢Cl
mo.QNFW
8c'6el
om.mmv\

9.°8¢l
geeel
y6'6El

L€65L—

90'v6L~
[44° 15

13C NMR yud in CDCI3
)

)

yui-20
013-07-2

18vzL
88'9Z1

€9'8zl
mo,mu_y
8762~

06°zel—

9L8EL~.

0

Q|

[

2]
\

vei6eL

U
i3

yul-20
13C NMR v
2013-07-2

——
130

T
135
f1 (ppm)

-
140

A

10

20

80 70 60 50 40 30

190 170 150 130 110 90
1 (ppm)

210

230

23



SL60T
[47A %4
S¥81°C
8961°C
2602°C
1S62°¢C

2902y
86€0Z
5060°21
1190"21
990/
£0vE 'L
€8/
v25E LA
055€ 2
2e9g'L
0.5%'L
169v' L4
5z8Y' L
02552
zv95 L
59/5 /1
1256'21
mvmm.g
5996'/

B —

8.00°€l—

LH NMR yub in CDCI3

yul-20
2013-07-29

9€€8°0
mm.vm,ovvll!
£858°0

Eeo

Ll L

71

1 (ppm)’

77

8.0

=1g'¢

siel
Loz
zeo

soezh
€92
3292
g0t
zozf

00t

f1 (ppm)

15 14 13 12 1" 10

16
vul-20

Lovl—

0Z'82~
90627

NQ:
Nm.o:W
VoLl
Le'9zt

95021
2282h

qm.mﬂ\
90°eEl

oyl
£7651

66651
zo1017

eV vel~
80°961"

13C NMR yu6 in CDC13

2013-07-29

cLoLl
NN.O:W
3\0:,

LE'9zL

se'5e1”

24821~

vei6zL-
8

8
13C \MR 36 in
013-07-3

&

|

yul-20

2

it
il

126 122 118
1 (ppm)

130

134

e ——

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
24

190

40 230 220 210 200



0686'0
7100°L
1€10°L

98€C’L

momN.FW e
LE9Z'L

8980°C

2909'C

98192

0Le9'e I

yeve'e

ve9L'Y
rmt;vv.

1662 L
oL
¥96EL
889¢°L
v18€°L
1S2Y'L
GeeY'L
SISy L —————
9%ZG L
€925/ —
69ESL
L6YS'L
£568°L
€168/
£606'L
S016'2

88GL°CLl— =Sy

éO‘. 3-06-07

1862°L
0LLEL

i

889
v18¢

o
~

g

SeErL
€15

9¥Ts'L
£925'L
69EG L
L6YSL

N~
8
ERREy

)
&
> ©
~
=

o
i%
~

'L

0 m
228
> &
~

2013-6-8
1H NMR yul
2013-06-0

7.9

8.1

I

+00'¢
=110

+=26'C
0T

FE€0¢C

r98°C

€6}
"clL'e
0T}
H),FO.N

Foo'L

8
1 (ppm)

15 14 13 12 " 10

16

Skvl—

86'8C~
8€°0€"

G8'8v—

LL9L
Nm‘wﬁw.
vL'LL

SEviL—
v6'9C1
£€9°L21
26’21
[or4: 748
9¢€'8Z1
8.'821
80'621
PA AR
[ TAVAA
2eovl

86'¢9l—

8EE6L~

(=]
e
©
=)

\

liuzs538-551
13C XMR yuhf21
2013-06-07

v6'9¢L—

€9 /21—
2621 —
0z'821—
98217
8L8zL—

©

=y

=]

5]

i
|

13C NMR yuht2l i

1iuzs538-551
2013-06-07

129 128 127 126
1 (ppm)

130

200 190 180 170 160 150 140 130 1zof11(10 )100 9 8 70 60 50 40 30 20 10
ppm

210

25



fo
8v18°0 .
LovL—
ﬁ%.ovlf —— =Z5¢ 9l —
56€8°0 Lo T8l
6101 . .
v6bL'T 4 ] el
LL91T ore| 68'92
e e b . o~
13y N ——— R ] -
v981C €0
8862°C 6v'e
2062 e
e i
S6'9L
) S.RW
8L L bty
90v1 L1
9151 L]
ZrolL =
99214
@B:M HAWU o
1922 1 5 o z 8szr ™~ =
88€Z . — e -dts o
iy 8 - S o
L9sy'L ———n N _ vzl Lgras
ssov 2 ezz[ T8 B,oﬂw
£aLy L] g €992}
€665 L1 = gl
5155/ o il
869/ prasss
Bl 8L2EL €552~
8526 L& 98'Z¢! L5921,
= S5 /EL £9'92L
v82L'L 18Tl
90vL'L €091 — sz6el
9161, L 18°0EL—
ZvoLL F e 8LEL,
9921, ) 9g'zEl
98P4 = Fesy Lo
L9c 157 = Egl’ .
88€T'L YIS
i vesy'Ly £ - .
vZ80°€L— R R = g 08 - Foorp @ ELPBL 90074~
wmow.% = vzl T SL96L" 8
£8LyL E
£685°2 L &,
SE8SL = =8
= 8696°L = et
g ey == F62% © Lw = CEaks
e £ © & e
o @ -5
553 Lo ST

130 125
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
26

135

1 (ppm)
180

140
190

145

—

40 230 220 210 200

—



980€'}
60Z¢ _‘W,f
€EEL)
viche

mmmm.w
Emw.w f
20587
92987

P85T5— ==

L0814
1561°L
6167°L
S90€'L

80e6°C)— ==

IHNWR yuhf3l in (DCI3
5

012-12-2

yuhf60-69

2

*0g'e

=l5€

=67

—€ll

0T
~zoe

=00}

1 (ppm)

oy el—

S0°92—
LEBT—

§6'9L
9L LL
LELL

60 €6—

0992}~
61621~
viLEL
60'LEL—

payol—

presl—

13C NMR yuhf3l in CDC13

2012-12-25

yuh60-69

T

-1

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

40 230 220 210 200

27



7 5013-5-15-Yuht

4
i1 NWR yuhf9 in CDCL3 g nggpargnossrg 2
2013-05-14 i mmgw‘-omwoomow@ N
= NOQW WO N, 5 L MO NN .
- ONNNNNNNNNMNNNNS o
| [N \Tﬁéa._d—-t—bd—‘ |
, J |
o ¢l
HaC 07N
e
I
QJ{ A J
by a Lt ah ¥
(=3 © N~ QO <
=1 S NbLIN =
- ~ aoas . «
T T T T T T T T T T T T T T T T T T T T T T T T |
1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O
1 (ppm)
2013-5-15-Yuhf N~ o© N~ MO MO W WO W
13C NMR yuhf9 in CDCIEN '€ 1 M OO i b ol <o D
05— [=3NTs} 0 WOHOGDHHD P D OF 9 X @
U g K H sxmpofanst KEE e~
[ | i ol ~ |
2013-5~15-Yuhf ~ ©0w o
13C NMR yuhf9 in CDC13™: B o
2013-05-14 2 29
| [
L Ll
T T T T T T T -
148 146 144
HsC 07N
2b3-5-15-Yuhf © O ©W©©
152 MR vuh(9 in CDC13 D D RN~ © 2
251t R :
- AL RS
| W‘.//
1
; L
.
T T T T T
133 132 131 130 129 g i
1 (ppm)

210 200 190 180 170 160

T T T T T = T T
110 100 90 8 70 60 50 40
1 (ppm)

150 140 130 120

28

T T T 1

30 20 10 (



-
I TR N~ [ le)
MUl sy gl & S&58NsRRITBIBI2RNIY 3
2017 05-12 (=} DOTONTCODNLVOOSHIDNO VD N
S NXRUOLBIIIIINABAN 5
v‘— L e e e e e L S e e S S N a7]
Lpimiasa et ——
[
2b
]
-
i Ny b
(=1 —WONOW (=]
S QN M® ®
ol — N NN e
T T T T T T T T T T T T T T T T T T T T T T T T T T
12.5 1.5 10.5 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 O
1 (ppm)
201z-5-15-Yuat © o O NN ON T oy
L3 NMR yuht3 in CPFTSS, N G DD S/l 00 Wi it 8 S
01405 17 P 0 WO ND DD QAn Slecp oo, 2
Qe R o © w TN OO NNN N ~ O =
- - — B - g i b NN~ o~
i | B I ~ |
2013 5-15-Yuhl ©© N~ — ¥
130 \MR yuhts in CDCIY QS0 Q0 O
o S [ BV DD D
2005 05 13 89S Ry
PN -
% i ~
|
I
1 Bl
L
T T T T ™ T T T T
13716 135 131 1 182 130 1300 129
1 Copn)
2b
I
1
|
T T T T T T T T T T T T T T T T T T T T r
21002000 3% 080 170 160 150 10 10 1200 1100 10 b0 Ry 70 60 30 10 20 20 10 1l

U G

29



6609'L— S

elgp e s—————

9v62' L
200y,

821y L
9gey L
L0EY 11
92y L1
8y /1
09941
V8LV L]
£125'L1
L2851
BLY5L
6155°LY
8v5G LY TJ
2995 LN —————

wvms.nw —_—

V9L L
666.°L
86EE'8— =

1921°0L— =

111 NMR yu9 in CDC13
2013-07-29

yul-20

HiC

=09'C

=28'¢

29°€
T Al
oge
0z'L
L)
-0L'L

—00'}

1.0 05 O

1.6

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.5

1.5

AN Yo

G8'9L
@o.NmV

8C'LL

grétt
29'9zL
v6'8ZL
19621
162l
Sg'6ZL
ov'SEL
Sy'SEL
86'8€L
vIERL

16'851—

S 2

8y's8l—
G8'061—

13C N\MR yu9 in CDCI3

yul-20
2013-07-29

HsC

81'9z!
Z8'9zI\
YO8zl
19621
vzl
58'62L

ov‘mm_.v.

Gp'SEL

GgeEL~
86'8€L "

i

u9
9

=

I~
7

yul-2p ©
13C N
20159

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

30 220 210 200

30



VELS k= e

oeT'T—

19972
€V8EL
LL6E'L
8£0v'L
951p°L]
18LyL

69EY L]
VeV L]
816v'L7

GE0G'LY
€215 ﬁ[
(1o ———————

S€EL’L —

€9vL'L
TL8LL

WiT8— =

850L°0b— H—

Ul NMR yul0 in CDCI3

yul-20
2013-07-29

CHO

HsC

—

=
°
Sa
=2
29
o
$9
ER
=R

yul-20

—

1 (ppm)

760 755 750 745 740 7.35 7.30

~20'¢

—60'€|

=

55 50 45 40

-

=

—

76 70 65 6.0

60
0zl
15°€
80'L
90'}
-20'}

—T

T

9.0

=00}

1.0 05 o

1.6

35 30 25 20

f1 (ppm)

85 8.0

9.5

10.5

1.5

vyu—

8e’le—

mw.mh./’

90°LE
NN.\.A.\

88'9Z1
96'821
oL6z)
ﬁ.mﬁw
¥8'621 \
8e'GeL \
LO°6EL \
o'ebl

Pty
|

€285 —

ov'L8l—
08'161—

13C ¥R yulQ in CDCI3
2013-07-29

yul-20

om.mNﬁ/
ON.mN_.V
€2°621 \
vm.mwr

91281~
soeeL
20°GE1~
8e'selL—

95'8EL~
LQBEL"

o
13C NMR yB10 in CDC

2013-07-£8
T

yul~20

—
100 9 80 70 60 50 40 30 20 10 (

110

1 (ppm)
31

135 130
1 (ppm)
170 160 150 140 130 120

180

140
190

145

30 220 210 200



rs
L o
4 Ik
(]
4 V.z
L e
o~
L (=]
o §6'55—
9gLy p——————— <=6e¢ o
m -+
L 9L'2L
= - R.tv
2% N\@ - 8524
F
D O w
L
= w
[
9 3 e
) T &
& @ 5
: L 99'vLL
L < VoL
L e = 8v'ozL
o 127 2 eeTL
it - 2 86'6Z1\
b w:\:m. @ E.QQW
4 = TN . e 9z 0E}
1 L9467 A . vZeel
50/ b9/ _ e 05861
§— [ =501 eeerl
i L yE'EYL
ox
9888 "L ) e Lo 18'851—
L00RL\ = o e —
9 xw/.w/ feu Nam - £0°S9L
106%L~ = w 218 K, (e
€106 2 o a2 . e
avig L S |
L0€T 01— ——5528 7L [ 00
2 = e vg'selL—
g L Fo 1Z°68L—
- mmm s = o m
sy Y lbegs , .
- § [
2k =2 [ = Tei
hes s £=3

60 50 40 30 20 10

70

100 90 80

110
1 (ppm)

HsCO
180 170 160 150 140 130 120
32

1980

210 200




2H5=5-13 Yuhit

1ENUR vl i e % PRABNRITRRLES3 3
200305 L1 S BLOANNCORXODDR O ~
=] N R0 G0 N F NS S od
- ONNNNNNNNNN® O© R
I et PR ‘
 Es |
~
S¢
Ay % Br
) ™~ |
) i
T T T T T o T H,CO 07 "N
7.70 7.60 7.50 7.40
f1 (ppm)
2f
1
1 ]
H 1
[
d_ S
¥ R !
(=3 wwmn N o
S BN S
- camaN )
125 1.5 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05
1 {ppm)
i P <t o~ OC--NO0VOMMO
whid i G 9 N N NOORORO«- v o oS 3
2035 0311 % 3 B IBIHSAREELT ~d o P
- - - Y rrerrereeoe ~NN~ [re]
\ ¥ [ S S N |
2013-5-15-Vuht’ o o o
I3 NMR gukls in ey QR O ©©
2013-05-14 98 8 a3
S N7 "
H,CO 07N
| 1
1
e 2f @
136 135 134 133 132 131 130
1 (ppm)
I
! !
]
1
1 ! i | )
L Jod L \
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120“210 )100 90 80 70 60 50 40 30 20 10
ppm

33



2013-5-15-Yuht
LEAMR wah 82 in €DC13
2013-05- 13

—10.1394

2013-g18gYuh!
1 NUEBVEBMI2 in Che13
/

2
7

7.6276

\7.6152

L \\7.\51\3
7.51

7.5064

2013-0

5

.5003
7.4871
7.4045

—7.2605

|
|Il _JI\
o g B o

o8 Y

80 79 78 77 76 75 74 13
1 (ppm)

i e
=3 0N W MW
S S0~
-~ ~a~ oo
T T T T T T T T T T T T
11.5 10.5 95 90 85 80 7

20L4=5-15 Yulil
147 NUR weli 52 i ClW
Sl 51

—19066
—185.42

2018-5-15-Yuhi
136 NMR yuh (12 in VREL3
2013-05-1%

—143.82
—143.31

.

—158.49

129.87
f129,72
129.69
129.43

\

!

T\129.06

70 65 6.3] 55 50 45 40 35 30 25 20 15 1.0

| x (¢ NI

r : T
147 146 145 144
f1 (ppm)

129 29

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



1652 1
15652
SOV 24
068t 29
£205'2y
0805 L~}

LG6E A
SLOV'L
068¥'L
€206°L
08 .V
661G/

6025,
22¢e5°.

19192
ommog%
rivy L,

6’/
6'L

4k

stefst

TENMR yuh (]
2013-05

2014-3-15-Vuh{ o &
2

—_—

6SLS' L4 T ——

60252
zzes 2
1919°2]
ommmi
ey
£956 L1
wwwm.ﬁ
12028

=it

S00L0L—

—_—

<
N
N

7.75 7.65
1 (ppm)

T
7.85

e A
Rees

el
Az
=0l

=00}

10 05

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.5

1.5

S0v8'9.

L2502
1€92°2L

6LEO'GLL—
4] AR 74"
88,0621 /
058v'6CL
oLLzezl
9098621
2095°¢EL
LigLeel
L9V vEL
P96 vEL
9LLS8EL
89vvEvlL
0v02'85L —

R

vEOY 281 —

6209'L6L—

UA-13

O =3-15-Yu
MR vuh)

1]

190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

35



60 50 40 30 20 10

70

»
o
% '
[ 22
g08g 1y 5 ~ P
2168, = Hiez s -
6BE 4 N i I
[aV]
6 m.h% - L@
oLzs = Tm‘7 "o ° c g
an o~
62€9 4~ B TN.M ~ Lo
LLv9'T F L E &
T 7.@ LW
= o
89614~ _ I
058l .% TN a g5 £9'9L
= - e,
F2 5992
= e a0/
TEem LS
e = ,I) -] o
i = =
.M =5 vv © [te)
£08E 'L °
LL6E°L Log
2r6eL e
9l6Y'L e
0€05°2 K
6805°L
9125, e
1285, I JIET
62£9'4 — - Ezser 2
LLv9'L " Ryze
89614 = = L e
0LLg2 [
960€'8— o - =50'L|
| © OV EPL~ e
2 | o 0Z'85L— L8 EvL— St}
I [=>]
o
= [te]
o s o o [
90€1 0L E B -
0 v0'58L— =
[=] £ 7
= 6768L— :
5 & |
d w0 iz :

100 90 80

f1 (ppm)
36

110

120

130

149 147 145 143
f (ppm)
190 180 170 160 150 140

200

151
210




2012=5-15-Yuht ~
UL NMR yahf8 in CDCES 0 LonIoIrATReER
201305 12 =] NATWOIHN—OONNO DD
o 90000 WG 1 1010 W @)
— o e e e e o e e e S S S e O
| eralretl el il e il M Sl Ly
o
3013—54:-\\“\%” %3 I3RS S
Ui NMR yuh(§ 13 @
N o oD o3
2013-05-13 & zojg, o mwﬁ;m ’
~ N~ NSNS S

~
\/
! i "

A
~7

/L

\

~

225 {

0 = ©
= N ] .
TN T o T——0"T 2i
80 79 78 77 76 75 74
1 (ppm)
1
$
[ |
1
=
=] N 0 W0
Q ST N3 o
- ~aNaN®N
T T ™ T eSS = T T T T T T T T T T LiB T T T T T T T T
125 1.5 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
—
2005 3-15-Yuk- <t
130 NMI vulis i oencty N e 883%@&8 8 gg 3
Wl 0h 14 5 ¢
05 1 & 3 I3ISRIE 2 ~f s <
-~ — e e e e — N~NoS~ <
[ [ SaS S -
2014=5=15-Vuht o <0 o©
136 MR yuhfs in Che s < Do b=
2013-05- 13 ] 22
2t (e 2 - 15-Yuht' 0 ©
12C MR yohts 10 €C13 O ey
201505 13 2 =] o Br
.l— -

5
(E’
9
= o]
£
%

T T T T g ; T T
137 135 133 131 130.3 130.1 129.9 129.7

f1 (ppm) 1 (ppm)

210 200 190 180 170 160 150 140 130 120 p M0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

37



BOgg =

E¥SLL
81914
8891°L
2992
096€"L1
801"
66072
0€05"Z1
V243 WA
L915Ly
VAYADA § T
LVES L}
Ve8I oo
Nmmw.nV.

0944°L

8L L

120€'8— =

bSYL0L— s

111 NMR yull in CDCI3

yul-20
2013-07-29

096€"L~
wsz/w
6601°L
0€05°L
124 ms/
L9153

1125°L \
156572

vE89’
&

.§:oc1§
©

2013-07-29 N, I~

L

1H MR yul G

yul-20

ke

= Tow.

= F.0°

k8o

7.5 74

76
f1 (ppm)

7.7

ey
=

=\¥'e

s

81z
Jovs)
—80°L
N0

=80'}

1.0 05 o0

1.5

25 20

50 45 40 35 30

70 65 60 55

10.5 95 90 85 80 75

11.5

1 (ppm)

¥8'9L
mo.RW.
9T'LL

E8
6582
vl 6T
16621
g6 Vel
60'9E L\
258eL~
€52y~
85°EYL
S6EYL

GE'851L—

8228~
6€'68L—

13C NMR yull in CDCI3

yul-20
2013-07-29

o
s
(]
- F<0)
(] &
]
S m———
65821 — g ﬁ ]
. _
&
05621 — -t —
YL 6TL~ | =
16621 = f gk
i =
. i
g . R
: (@ 7
58t
g2

210

20

30

180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

200

38



£281'2
16812

8961°2

6Y6Z L

52y
0LEv L]
v6EY'L]
62541
80¥5°Z
2845/
08Y5°Z1
9096/

vm:..ﬁ
Y02 L
JARANA L S

208~
\.mow.hwv
v0L8°L

€.6¢'8—

182101 —

1T NMR yul2 in CDCIB

yul-20
2013-07-29

601

872
Joee
-90'L
RNt

-0l

—00°b

1.0 05 0C

1.5
1 (ppm)

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

10.5

1.5

$8'9L
wo.\.hw.
L&l

iig:r 28
%.wﬁ/
sr6zl
06'62L
ZGEEL
86'VEL—
mo.mmﬁ
Y
oLyl \
£9EpL

10'8GL—

9e'esl—
ovi8i—

13C X¥R yul2 in CDC13

yul-20
2013-07-29

c9'8CL—
€L'621~

06621

9e'zel—

z5eeL—

667EL—

8&9eL—
E

yul
13¢

R
3CUMR yu12
201%07-29

T

134 132

f1 (ppm)

136

—

40 30 20 10

50

200 190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

210

39



II'\) NOONTO T DO w0
@ OO~ OO—-0ONO D0 -0 o
b, OWONITONT — DO~ D~ ©O ~
o NOHOOOWITITONNNN <
= L o B nrl Sl el el el el el ol el el el el o
| bbbt e —
o CI
0" N
2m
1
l J A A
! A e artamn !
o NO — O~ O o
Q O YN 0N <
-~ N NN ©
1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
2 =3 15-Yul) o
150 NMR ol :Yu in rﬁg:’,:’. % g < S § u") m Q 8 m g
CERCRE B 938833888 =
- - — e R o~
I | N T el |
2012-5-15-Yuht I © ®
13C SR vohr'10 in oo 18N N a2
2013-05-13 3 & g
TO0T

130.0
1 (ppm) 2m

T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 11of1200 90 80 70 60 50 40 30 20 10 0 -10
ppm)

40



esev'e—

068Z°L
120€°L
[4 749k
8E€°L
STIS’L
NmNmNW
8LEG°L
00v9°L
2e89°L
2r99°L
LLLE'L
9066°L
£€982'8

09LL°0b—

1P NMR yuhf17 ia CDCI3

Liuzs538-551
2013-06-07

1.0 05 o

1.5

T

~16T

=

T T T T T T T T

f1 (ppm)

T

g

£V'T
gzt
®62C
S0’}

'

—

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

T

*00'}

10.5

1.5

LVie—
2
O
(o] ]
8192
i
0z'LL

£Y'621
gL' 0gL~x
LEVEL~,
8.3%
VgL
S00bk \

Yaevi

mmﬁ

¥285—

8€'/81—
Lg'L6L—

13C XMR yuhf17 in CDCi3

1iuzs538-551
2013-06-07

66'8Z1~ -Jw

e ————y
9L 0gL— —————
vezer -
roeer’
LEVEL~ i}
€6 VEL~ =
VE'GEL ]
2
8
e
Ego— ar

132

1 (ppm)

136

140

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90
f1 (ppm)

190

40 230 220 210 200

41



4

yul-20

S80¥'2

2LLLL
G081'L
1502°L
665241
1292 17
SS62' 1
€662}
7z6e L
Nmoq.iﬁ
198y
6867 L4
12152
oelo Ly
¥529'L
891
00v6°2
omvm.g
0vS6'L
29678

LEVOL—

11 NMR vuld in CDCI3

2012-07-30

—€s'e

=00}

0.5

1.0

25 290 15

40 35 30

50 45

65 60 55
1 (ppm)

70

7.5

9.0 85 80

10.5 9.5

11.5

ze1z— -
o
=)
(&}
Seee
(o]
58'9L
90'LE B
il
0L°9z)
mo.mﬁ/ 0621 ]
Nv.mﬁw Zv'6zL = |g _ —
15621 E.m&w el 2 —
£9'0€} £9'6Z1 —
S.x:\ £9'0¢) —
vrgel \ T
£0°0vL Ly YEL— — | —
06°€vL vrSeL— - re
H
95851 — — B & s ]
T
£QorL— ~H I
D
8
9FeyL~ -
gy |,
arseL— hesid P -
0L06L— e —
2 2ER
5
38§

70 60 50 40 30 20 10

80

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

210

42



EELY'T

L¥8lL Ly
6161"L1
(A
¥992"/
2182 L7
6662°L
PA: N
296€ L
160" 2
£26v'L~
osey' L4
$50G" ]
815 L
1819°LF
9029'2
01£9°2]
ver9' L]
S956°L1
1966'L
9896°2 ]
2046
6£92'8"
£860°0L—

—

11 NMR yul6 in CNCI3

yul-20
2013-07-30

—cee

s
~sz't
621
w 19z

621

672
Mo

=004

15 10 05 O

25 20

35 30

50 45 40

55

6.0
1 (ppm)

75 70 65

95 90 85 80

10.5

11.5

62'1c—

Nm.oh
mo.n\.v
YeLL

[4 R 413
so'eel
9’92l
yo'6Ch
Sy'6Cl
LP'6TL
8G°0€L
PAQAN
mem_‘\/.
1348447
66'vEl
y'8el
66'6E1
€S'EYL
ST'85L—

0¥'/8l—
96—

13C NMR yul6 in CDC13

yul-20
2013-07-30

—_—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

40 230 220 210 200

43



] K=
| v
o
Lo
| v
- -~
| o
o~
w
Mo
o
ﬁ -
L w
@ 98'9.
e B.RW
< 8C'LL
L2 )
A 5
£ Jetes
. . o e} o
906121 e LSl h _
;9.5 € mﬂ.w:V =
€507 L1 Lo§ T
161221 °S .
881241 ! vZ'82L
16521 e L6zt E—
0v8E’ 2 ezt —
9/8€'/ Lo wm”mm ”
916€° L 9061°2 i — -||
geee sy mmou.u/ ~ = 8€'C erer L
i —— w3 = e
i 1657 L - . 6851 : 0
) : L Al ~ gevEL— | @ -
mmcv_wﬁil 0v8E’L T2 €291~ e s ]
Nwwyv,h 9.8€'/ Fogz ™ — 1 80 6L€9L" =
6L0G LY 916¢" 2N -
8v15 L] £SRE°L = Leve [ i
20291 696€" = € vegel— -4 [ wE
92£9°L] ZE0V'L leg & 88
MMMMM ] : 990 S Eizh g 96581 — I oS -
188v'L [ © O = ¥ ]
2iv6'L 6LOG . s 0506} W |
98v6°L SRS L | © =
L1428 ferax- 2 r~ N . n
8IEL°0L— e oLy i -— 00} i -8
THE L = 8¢ L2 o Q€5
E gubL] ‘o & g lg2 i
g 08 £ Bl
& ’ ig
38 3 555
oxS s N M W
SEZ 588

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
44

180

230 220 210 200




60 50 40 30 20 10

70

Lo
o
Lo
|
G965 L — — 2
L e =
o ] o
5
= L9 o
O :
o
o (e} [ o™
&
L w
o
o .
< €292
Y0 LE
Lo 9L
Lo
wn
Lo
[Te}
LS8LL s
jroson Lo g
€22 L1 S ShSLLy
009Z" . L o*= 99911~
§28¢° 7 P 859y}
188€1 . gt
Ov6E /1 Lo A
1668 L F——— ~ 606217 018zl
Ly m—— L AN y 0 Y62l 6 8cl
Lol L _ LS08A~ - wﬁw. e ~ osveLs mo.mmvﬂ
1£8% 1 €2z L7 _ - o Sv'6zl
2 e b " A =
iy | 89834 kR 2 0TEbh
27 B\ S "
8€£9' /] mvmm. A - M N .
2299 L1 780 2 frez i | o AT 092EL—
66€6'L Loy L ° o il e Szl —
62V6'L : L i
0196'2 zeay; = T: g L © ZrVEL~
seees’ e 1 L~z > 05:vEL
~
. €519°L o CEVEL
£00L0L— _ ace9 [ ————=00') z
. o LS 8z /81— g2
m@mhv TN [~ - VLBl — =E
. 0Rp6 L L r )
g g2 L= | 5 2
= == «© = =
£ ﬁ _=
== =]

110 100 90 80

1 (ppm)
45

120

128
130

130
140

134 132
1 (ppm)
170 160 150

136
180

200 190

210




G9/G'L—

LpLLVG—

8662Ly
vove L
26v€° L4
0vSe’ LT
186€° 2
029¢° 2
Y2LE LY
08.€°L

608€" L _
wmmw.iﬁ T
66.Y°L"

9z6v' L4

650572

sa19 .y
z ;m.g
9eYeL

206921
mwm@.@
Zv06'L

95062
g0ez'g!

€LP0°0L— =

LI XMR yul$ in CDC13

yul-20
2013-07-30

6819/
ZIE9

9ep9 L’

2068°L
£, V.

9L
£y

€g”

9L

81"

76 75

7.7
1 (ppm)

7.8

7.9

8.0

1.0

1.5

er'e

912
Amv.m
€€¢
9L’}
8l'C
~GoL

=00’}

2.0

25

3.0

T

3.5

T

5.0

5.5

T

7.0

85 80

9.0

45 40

6.0

6.5
f1 (ppm)

7.5

9.5

10.5

11.5

(o]
o ot WM v .
o
o /‘ z— L
&
e
£2'e5— i
_
90°62Z1 L
91'6zL
L6zl |
Zv6zL
80°VEL —
05'vEL - H
BEGEL
ol s -
. T
o0t el I
zr6zl 8
60'VEL~. ] 3
05'vEL— ] o=
6£'G6L 7 8E L
peo8L— = ]
v1°061— . o = ]
2 I
ogeyt ]
. 6EEYL . |
g 8%
= E- -
2,
58
289 -

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

40 230 220 210 200

46



§98G°)—

€e9L’G— ——

16ST°L
SLYE'L
£95€°L
209¢°L
v89¢°L
898 N
G88€°L N i
68.¥'L
6l6Y'L —
6v05°L —
SLI9°L
6629°L
$668°L
9LL6°L
15618

L2666~ =

1T NMR vu20 in CDCI3

yul-20
2013-07-30

8Ly L
m&ZM
[ WA

AL-VAN
6629,

SB6] L~
mm%n\

@

1H SR yu20 in CD

yuk2@
20 l%-07~30
|

1
T
~

f1 (ppm)

=T

e’
Sv'T
oy
Aeilie
-20')

=00}

80 75 70 65 6.0

1.0 05 O

1.5

30 25 20

55 50 45 40 35

1 (ppm)

95 90 85

10.5

11.5

9C'ES—

mw.mh
wo.nuv
LZLL

60'6CL
GL'62
Ly'ect
PA4TAS
vm.Nm—\.
20v€L
L¥vEL
L6'VEL
vievl
¥L'8GL—

€eL8l—
69°L6L—

13C \MR yu20 in CDCI3

yul=20
2013-07-30

¥8'821
60'62 —W
sl'ech
Ly'éci
L¥'621

veier”
P6ZEL~
10°VEL

LypEL

~
o
3

2

13C NMR yu20 in CDC139

yul-20
2013-07-30

133 130
f1 (ppm)

136

139

S—

130

30 220 210 200

110 100 S0 80 7.0 60 50 40 30 20 10

120
f1 (ppm)

180 170 160 150 140

190

47



olglig————— &

89612

6602 L

009Z'L

8zye'L

£55¢'L

616€L

vE6E'L e

EvOv'L e

1981/ =

8861,

12152

ovi9L 2

£929'L

18691

9226,

SYT6'L Q
[}

G9E6'L
Lv6L'8 —~ /
o4 2

cEPLOL— S

1 NMR yul3 in €DCI3

2013-07-29

yut-20

~—Gz'e

vzl
Lz
K0L°L
wmm.w

vZ')

8T
ory

=00'}

1.0 05 O

1.5

75 70 65 60 55 50 45 40 35 30 25 20

85 90 85 80

10.5

1.5

11 (ppm)

oLLL— —
2
(&}
S N@
(o] o
&
5894
wo.ﬁnv
120
95421
S0'6ZL
2e6ZL =%
£E0EL7 —_—
Qm.FMH—. mO-mNF ———
Sy vEL S = |5 =y
0L'vEL 99'621L/ —t 9 =
6t°sel \ i ]
ZLvpL osier’
91851 — ' VEL - | =
0LvEL— 308
6v'seL” z
68'L61— 41 & ]
Oﬂ
» FS
sveglL— g 1
£6°06)— oFEpL~ _l ——
2 Ry e
mn S5 [+
£ 82T
o 385
82

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

20

48



26600L—

yul=-20

£681°C

€617
gole’l
8092°L
98¢e¢e’L
Lvel
9€6€°L
806€°L
€26¢€°L
ceor'L
LL8Y'L
8661°L
LELGL
Svi9L
6929°L
£6£9°L
[A3:
2ee6’.L
cS¥6°L
95618

1 NMR yuld in CDCE3

2013-07-29

>

STl
mm 34
20’}
M.vm.u
(4
..”mn.N
€0'L

=00t

30 25 20 15 10 05

3.5

50 45 40

60 55
f1 (ppm)

75 7.0 65

85 8.0

9.5 9.0

10.5

11.5

0L'21—

$8'9.

90°LEL
NN.\.N.\

§G'/TL
L0621
8E'6Z1
Nm.oﬂw
6b°LEL
LEeEL
eryeL
L0°GEL
6LEVL

62881
|

88°L51L—

Wyigl—
8y'16L—
=

13C NMR yul4 in CDCI

yul-20
2013-07-29

6192}
s§'leL—
L0°62)

ge6z4
ZE 08k~
6V LEL

mm.wﬂw
LEEEL\
Q.vﬁ/
99°PEL
L0°SEL~

2]
13C MR yul1 %k CDC13
~
©
bl
|

2013-07-29

yul-20

138 136 134 132 130 128 126
1 (ppm)

140

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

20 210 200

49



vhf56

TH MR yuht36 in CDCI3 % BS2kEq =52
N ATNRNLLLeP

o OB NNNNN

- NNNNNNNOGO

| e N R

/|
.
CI@N;%C]
o CHO
2w
A ¥

i 74 T

= ©=© 9

) ~ox O

=) N

T T - T T T T T — T T T T T r T T . T T T T T T
11.5 10.5 85 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00
1 (ppm)

vhis6 o = D% T @ o
130 WR yuht36 in (0138 8 NSeFRERE i
<= o THHOWNLND ~N
g = S
I WIS

|| L] I |

T T 7 T T T T T T T T T T T T - T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0]
f1 (ppm)

50



