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A. General Information

General Procedures. All anhydrous reactions were run under a positive pressure
of argon or nitrogen. All syringes, needles, and reaction flasks required for anhydrous
reactions were dried in an oven and cooled under an N, atmosphere or in a desiccator.

Analysis and Purification. Analytical thin layer chromatography (TLC) was
performed on percolated glass backed plates (silica gel 60 F254; 0.25 mm thickness).
The TLC plates were visualized by UV illumination and by staining. Solvents for
chromatography are listed as volume: volume ratios. Flash column chromatography
was carried out on silica gel (40-63 um). Melting points were recorded using an
electrothermal melting point apparatus and are uncorrected.

Identity. Proton (‘H NMR) and carbon ('*C NMR) nuclear magnetic resonance
spectra were recorded on Bruker UltraShield-600 (600 MHz) and 150 MHz
respectively. The chemical shifts are given in parts per million (ppm) on the delta (J)
scale. Coupling constants are reported in hertz (Hz). The spectra were recorded in
solutions of deuterated chloroform (CDCl;), with residual chloroform (7.26 ppm for 'H
NMR, 8 77.0 ppm for 13C NMR) or tetramethylsilane (0.00 for 'H NMR, 0.00 for 13C
NMR) as the internal reference. Data are reported as follows: (s = singlet; d = doublet;
t = triplet; q = quartet; m = multiplet; dd = doublet of doublets; dt = doublet of triplets;
td = triplet of doublets; tt = triplet of triplets; qd = quartet of doublets; ddd = doublet of
doublet of doublets; br s = broad singlet). Infrared (IR) spectra were obtained as thin

films on KBr plates by dissolving the compound in CH,Cl, followed by evaporation.

B. General Procedure for the Synthesis of Azomethine Imines (reported



procedure)’

o)

EtOH @3 \
RCHO + ’ \ N.®
HN\N N

H

50°C /m

The aldehyde (5.0 mmol) was added to the solution of pyrazolidin-3-one (5.0
mmol) in EtOH (1 mL). The resulting mixture was stirred for 1 h—24 h (depending on
TLC monitor) at 50 °C and then diluted with Et,0O (20 mL). The precipitate was
collected by filtration, washed with Et,O, and dried under vacuum to afford the

corresponding azomethine imine as a solid in 40-90% yield.
C. General Procedures for the Synthesis of pyrazolone 2

Propargyl sulfur ylide was prepared through a known procedure.?

To a flame-dried two-neck bottom equipped with a stir bar was added azomethine
imine 2 from general procedure B (0.5 mmol, 1.0 equiv), and propargyl sulfur ylide
(0.75 mmol, 1.5 equiv). After the vial was evacuated and backfilled twice with N,,
EtOH (1 mL) and Na,CO; (1 mmol, 2.0 equiv) were added at 0 °C. The mixture was
warmed up to 22 °C and stirred for several hours (monitored by TLC until the
azomethine imine was fully consumed). The reaction mixture was concentration in
vacuo, the residue was subsequently purified through column chromatography

(hexanes/EtOAc: from 10:1 to 2:1) to afford the desired products.

D. Characterization Data for the [3 + 2] Annulation Products

5-(4-chlorophenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo[1,2-
a]pyrazol-1-one (3a): 'H NMR (CDCls, 600 MHz): & 7.46-7.39 (m, 5H), 6.05 (s, 1H),



433 (t, 2H, J = 6.0 Hz), 4.09 (dd, 2H, J= 18, 6.0 Hz), 2.85 (t, 2H, J = 6.0 Hz), 2.29 (s,
3H), 1.20 (t, 3H, J = 6.0 Hz); 3C NMR (CDCls, 150 MHz): & 171.1, 148.3, 144.7,
131.0, 129.0, 128.9, 128.6, 106.1, 60.8, 44.7, 35.0, 14.2, 13.7. FT-IR (KBr pellet, cm-
1: 3134, 2925, 1759, 1451, 773. HRMS: caled. for C;sH;oN,O,*, [M+H]* 259.1441,
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5-(2-chlorophenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo[1,2-

found 259.1443.

a]pyrazol-1-one (3b): 'H NMR (CDCls, 600 MHz): 6 7.40-7.27 (m, 4H), 6.04 (s, 1H),
4.14 (t,2H, J=17.2 Hz), 4.07 (q, 2H, J= 7.2 Hz), 2.84 (t, 2H, J = 7.2 Hz), 2.32 (s, 3H),
1.20 (t, 3H, J = 7.2 Hz); *C NMR (CDCl;, 150 MHz): & 170.9, 148.0, 140.8, 134.1,
132.0,130.3,129.9,129.8, 126.7, 106.7, 60.5, 44.4, 34.5, 14.0, 13.6. FT-IR (KBr pellet,
cm™): 3105, 1898, 1679, 1380, 762. HRMS: calcd. for C;sH;3CIN,O,", [M+H]*
293.1051, found 293.1053.

5-(3-chlorophenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo[1,2-

a]pyrazol-1-one (3¢): 'H NMR (CDCls, 600 MHz): & 7.43-7.27 (m, 4H), 6.06 (d, 1H,
J=10.2 Hz), 4.32-4.29 (m, 2H), 4.09 (dd, 2H, J = 7.2, 3.0 Hz), 2.88-2.85 (m, 2H),
2.29 (s, 3H), 1.21 (t, 3H, J = 7.2 Hz); 3C NMR (CDCl;, 150 MHz): & 170.8, 148.2,
143.3, 143.0, 134.5, 132.4, 130.0, 129.9, 129.1, 128.9, 128.8, 128.5, 126.8, 106.2,
106.1, 60.6, 44.5, 44.4, 34.6, 14.0, 13.5. FT-IR (KBr pellet, cm'): 3105, 1769, 1629,



1401, 783. HRMS: calcd. for C;sH;3CIN,O,", [M+H]" 293.1051, found 293.1050.
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5-(4-chlorophenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo[1,2-
a]pyrazol-1-one (3d): '"H NMR (CDCl;, 600 MHz): 8 7.43 (d, 2H, J = 8.4 Hz), 7.37
(d, 2H, J=8.4 Hz), 6.06 (s, 1H), 4.31 (t, 2H, J= 7.2 Hz), 4.10 (d, 2H, J=7.2 Hz), 2.88
(t,2H, J=7.2 Hz), 2.30 (s, 3H), 1.22 (t, 3H, J= 7.2 Hz); 3C NMR (CDCl;, 150 MHz):
5 170.8, 148.2, 143.3, 134.5, 130.0, 129.1, 128.9, 106.1, 60.6, 44.4, 34.6, 14.0, 13.5.
FT-IR (KBr pellet, cm!): 3125, 2984, 1709, 1490, 812. HRMS: calcd. for
Cy5HsCIN,O,", [M+H]* 293.1051, found 293.1048.

o Me
N
%,\', Dokt

Br
3e

5-(4-bromophenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo[1,2-
a]pyrazol-1-one (3¢): 'H NMR (CDCls, 600 MHz): 8 7.57 (d, 2H, J = 6.0 Hz), 7.27 (t,
2H, J= 6.0 Hz), 6.04 (s, 1H), 4.29 (t, 2H, J = 6.0 Hz), 4.08 (q, 2H, J= 6.0 Hz), 2.86 (t,
2H, J=6.0 Hz), 2.28 (s, 3H), 1.20 (t, 3H, J= 6.0 Hz); 3C NMR (CDCl;, 150 MHz): §
170.9, 148.3,143.4,131.9, 130.4, 129.7, 122.8, 106.1, 60.7, 44.5, 34.7, 14.1, 13.5. FT-
IR (KBr pellet, cm™): 3100, 2940, 1710, 1490, 793. HRMS: calcd. for
C,5H17BrN,O,Na*, [M+H]* 359.0366, found 359.0364.
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6-ethoxy-7-methyl-5-(4-nitrophenyl)-2,3-dihydro-1H,5SH-pyrazolo[1,2-a]pyrazol-

1-one (3f): 'H NMR (CDCls, 600 MHz): 6 8.31(d, 2H, J= 8.4 Hz) 7.62 (d, 2H, J= 8.4
Hz), 6.15 (s, 1H), 4.33 (t, 2H, J=7.2 Hz), 4.09 (d, 2H, J= 8.4 Hz), 2.92 (t,2H, J=7.2
Hz), 2.30 (s, 3H), 1.20 (t, 3H, J= 7.2 Hz); *C NMR (CDCl;, 150 MHz): 6 170.8, 148.7,
142.4, 137.1, 129.5, 124.0, 107.0, 60.7, 44.7, 34.3, 14.0, 13.5. FT-IR (KBr pellet, cm-
1:3105, 2975, 1709, 1520, 892. HRMS: calcd. for C;sH;7N3;04Na*, [M+H]" 326.1111,
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6-ethoxy-5-(2-methoxyphenyl)-7-methyl-2,3-dihydro-1H,5H-pyrazolo[1,2-

found 326.1110.

a]pyrazol-1-one (3g): 'H NMR (CDCl;, 600 MHz): 5 7.17 (s, 1H), 6.90-6.85 (m, 3H),
4.26 (t, 2H, J= 6.0 Hz), 4.00 (t, 2H, J = 6.0 Hz), 3.76 (s, 3H), 2.78 (t, 2H, J = 6.0Hz),
2.21 (s, 3H), 1.12 (t, 3H, J = 6.0 Hz); 3C NMR (CDCl;, 150 MHz): & 170.9, 156.5,
147.7,140.5,131.5,130.2, 120.4,119.4, 110.7, 106.0, 60.2, 55.1, 44.6, 34.6, 13.8, 13 .4.
FT-IR (KBr pellet, cm'): 3310, 1800, 1620, 1501, 803. HRMS: calcd. for C;sH,;N,O57,
[M+H]* 289.1547, found 289.1550.



MeO
3h

6-ethoxy-5-(3-methoxyphenyl)-7-methyl-2,3-dihydro-1H,5SH-pyrazolo[1,2-

a]pyrazol-1-one (3h): '"H NMR (CDCls, 600 MHz): 6 7.37 (t, IH,J=7.2 Hz ), 6.98 (d,
1H, J=7.8 Hz), 6.97-6.95 (m, 2H), 6.07 (s,1H), 4.36 (t, 2H, J= 6.0 Hz) , 4.11 (q, 2H,
J=6.0 Hz), 3.86 (s, 3H) , 2.87 (t, 2H, J = 6.0 Hz), 2.30 (s, 3H) , 1.22 (t, 3H, J=6.0
Hz); 3C NMR (CDCl;, 150 MHz): & 170.9, 159.6, 148.2, 144.3, 131.9, 129.7, 114.4,
113.9, 105.9, 60.6, 55.2, 44.5, 34.8, 14.0,13.5. FT-IR (KBr pellet, cm™): 3155, 1729,
1629, 1530, 1390. HRMS: calcd. for C;¢H,1N,O5", [M+H]" 289.1547, found 289.1545.
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6-ethoxy-5-(4-methoxyphenyl)-7-methyl-2,3-dihydro-1H,5H-pyrazolo[1,2-
a]pyrazol-1-one (3i): "H NMR (CDCls, 600 MHz): 6 7.32 (d, 2H, J = 8.4 Hz), 6.97 (d,
2H,J=8.4 Hz), 6.01 (s, 1H), 4.31 (t,2H, J=7.8 Hz), 4.10 (q, 2H, J= 7.2 Hz), 3.86 (s,
3H), 2.85 (t, 3H, J = 7.2 Hz), 2.29 (s, 3H), 1.21 (t, 3H, J =7.2 Hz); 3C NMR (CDCls;,
150 MHz): 6 170.9, 159.6, 148.0, 144.2, 130.0, 123.0, 114.0, 105.6, 60.6, 55.3, 44.4,
34.8,14.0, 13.5. FT-IR (KBr pellet, cm'): 3055, 1720, 1620, 1510, 842. HRMS: calcd.
for Ci6H,1N,O3", [M+H]* 289.1547, found 289.1546.
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5-(3,4-dimethoxyphenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,SH-pyrazolo|[1,2-
a]pyrazol-1-one (3j): '"H NMR (CDCl;, 600 MHz): 8, 6.94-6.93 (m, 3H), 6.02 (s, 1H),
4.32 (t,2H, J=6.0 Hz), 4.10 (q, 2H, /= 6.0 Hz), 3.91 (s, 6H), 2.86 (t, 2H, /= 6.0 Hz),
2.28 (s, 1H), 1.20 (t, 3H, J = 6.0 Hz); 3C NMR (CDCl;, 150 MHz): & 170.8, 149.0,
148.7,147.8,144.2,123.1, 121.1, 111.8, 110.9, 105.5, 60.4, 55.7,44.2,34.5, 13.8, 13.3.
FT-IR (KBr pellet, cm™'): 3100, 1750, 1680, 1430, 896. HRMS: calcd. for C;7H,3N,04",
[M+H]" 319.1652, found 319.1650.
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5-(4-(dimethylamino)phenyl)-6-ethoxy-7-methyl-2,3-dihydro-1H,5H-
pyrazolo[1,2-a]pyrazol-1-one (3k): 'H NMR (CDCl;, 600 MHz): 3 7.26 (t, 2H, J =
12.0 Hz), 6.75 (d, 2H, J=12.0 Hz), 5.97 (s, 1H), 4.31 (dd, 2H, J=18.0, 6.0 Hz), 4.10
(dd, 2H, J=18.0, 6.0 Hz), 3.00 (s, 6H), 2.83 (t, 2H, J = 12.0 Hz), 2.27 (s, 3H), 1.21 (t,
3H, J = 6.0 Hz); 13C NMR (CDCl;, 150 MHz): 6 170.9, 149.2, 148.9, 148.0, 144 .4,
123.3,121.3, 112.1, 111.1, 105.7, 60.0, 55.9, 44.4, 34.7, 14.0, 13.5. FT-IR (KBr pellet,
cm1): 2925, 1670, 1460, 1380, 852. HRMS: calcd. for C7H4N30,", [M+H]" 302.1863,
found 302.1860.
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6-ethoxy-7-methyl-5-(naphthalen-2-yl)-2,3-dihydro-1H,5SH-pyrazolo[1,2-
a]pyrazol-1-one (31): '"H NMR (CDCls, 600 MHz): 8 7.65-7.27 (m, 7H), 6.15 (d, 1H,
J=3.0Hz), 4.11 (s, 2H), 3.98 (t, 2H, J = 3.6 Hz), 2.74 (s, 2H), 2.73 (s, 3H), 1.13 (s,
3H); 3C NMR (CDCls, 150 MHz): 6 170.7, 148.1, 141.9, 133.5, 132.2, 139.3, 128.3,
128.2, 126.8, 125.3, 125.1, 107.5, 60.5, 44.6, 34.9, 13.9, 13.6. FT-IR (KBr pellet, cm-
1: 3174, 1749, 1640, 1390, 822. HRMS: calcd. for C9H,N,O,Na*, [M+H]* 331.1417,
found 331.1416.
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6-ethoxy-7-methyl-5-(thiophen-2-yl)-2,3-dihydro-1H,5H-pyrazolo[1,2-a]pyrazol-
1-one (3m): '"H NMR (CDCl;, 600 MHz): 8 7.51 (d, 1H, J= 1.2 Hz), 6.58 (d, 1H, J =
3.6 Hz), 6.51 (q, 1H, J= 1.8 Hz), 6.24 (s, 1H), 4.58 (t, 2H, J=7.2 Hz ), 4.15 (q, 2H, J
=72 Hz), 291 (t,2H, J =72 Hz ), 2.28 (s, 3H), 1.24 (t, 3H, J = 7.2 Hz); '3C NMR
(CDCl3, 150 MHz): 6 170.6, 136.8, 130.8, 127.4, 126.8, 126.3, 106.6, 60.4, 44.6, 34.6,
13.9, 13.2. FT-IR (KBr pellet, cm™): 1780, 1705, 1680, 1620, 1380. HRMS: calcd. for
C13H7N,0,S*, [M+H]" 265.1005, found 265.1008.
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6-ethoxy-5-(furan-2-yl)-7-methyl-2,3-dihydro-1H,5SH-pyrazolo[1,2-a]pyrazol-1-
one (3n): '"H NMR (CDCls, 600 MHz): & 7.50 (t, 1H, J= 6.0 Hz), 6.56 (s, 1H), 6.50 (q,
1H, J= 6.0 Hz), 6.22 (s, 1H), 4.56 (t, 2H, J= 12 Hz), 4.13 (q, 2H, J= 6.0 Hz ), 2.89 (t,
2H, J = 6.0 Hz), 2.26 (s, 3H), 1.23 (t, 3H, J = 6.0 Hz); 3C NMR (CDCl;, 150 MHz): &
170.9, 148.1, 144.6, 142.5, 134.2, 108.48, 104.8, 60.6, 45.9, 34.9, 14.0, 13.3. FT-IR
(KBr pellet, cm™): 2870, 2850, 1750, 1720, 680. HRMS: calcd. for C;3H;;N,0,",
[M+H]* 249.1234, found 249.1235.
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To a flame-dried two-neck bottom equipped with a stir bar was added azomethine
imine 2 from general procedure B (0.5 mmol, 1.0 equiv), and propargyl sulfur ylide
(0.73 mmol, 1.5 equiv). After the vial was evacuated and backfilled twice with N,
MeOH (1 mL) and Na,COj3 (1.5 mmol, 3.0 equiv) were added at 0 °C. The mixture
was warmed up to 22 °C and stirred for several hours (monitored by TLC until the
azomethine imine was fully consumed). The reaction mixture was concentration in
vacuo, the residue was subsequently purified through column chromatography
(hexanes/EtOAc: from 10:1 to 2:1) to afford the desired products 30 as colorless oil (99
mg, 82% yield).
6-methoxy-7-methyl-5-phenyl-2,3-dihydro-1H,5H-pyrazolo[1,2-a]pyrazol-1-one
(30): 'H NMR (CDCls, 600 MHz): & 7.43-7.26 (m, 5H), 6.05 (s, 1H), 4.33 (t, 2H, J =
7.2 Hz), 3.62 (s, 3H), 2.89-2.86 (m, 2H), 2.29 (s, 3H); 3C NMR (CDCl;, 150 MHz): &



171.3, 148.2, 144.5, 130.7, 128.8, 128.7, 128.4, 105.9, 51.7, 44.4, 34.5, 13.5. FT-IR
(KBr pellet, cm™): 3134, 2925, 1759, 1451, 773. HRMS: calcd. for Ci4H;7N,0,",
[M+H]* 245.1285, found 245.1288.
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To a flame-dried two-neck bottom equipped with a stir bar was added azomethine
imine 2 from general procedure B (0.5 mmol, 1.0 equiv), and propargyl sulfur ylide
(0.75 mmol, 1.5 equiv). After the vial was evacuated and backfilled twice with N,
iso-propanol (1 mL) and Na,CO; (1.5 mmol, 3.0 equiv) were added at 0 °C. The
mixture was warmed up to 22 °C and stirred for several hours (monitored by TLC until
the azomethine imine was fully consumed). The reaction mixture was concentration
in vacuo, the residue was subsequently purified through column chromatography
(hexanes/EtOAc from 10:1 to 2:1) to afford the desired products 3p as colorless oil (97
mg, 71% yield).
6-isopropoxy-7-methyl-5-phenyl-2,3-dihydro-1H,5H-pyrazolo[1,2-a]pyrazol-1-
one (3p): 'H NMR (CDCl;, 600 MHz): 6 7.44-7.39 (m, 5H), 6.05 (s, 1H), 4.96 (t, 1H,
J=6.0 Hz), 4.32 (t,2H, J= 6.0 Hz), 2.82 (t, 2H, J= 6.0 Hz), 2.29 (s, 3H), 1.25 (s, 3H),
1.17 (d, 3H, J = 6.0 Hz); 13C NMR (CDCl;, 150 MHz): 6 170.4, 148.0, 144.4, 130.8,
128.8, 128.6, 128.4, 105.9, 68.0, 44.6, 35.1, 29.6, 21.7, 13.5. FT-IR (KBr pellet, cm™):
3200, 2920, 1670, 1370, 860. HRMS: calcd. for CcH,;N,O,*, [M+H]* 273.1598, found
273.1599.
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The reaction was carried out in 0.3 mmol scale by following the synthesis of 3o.
The product 3q was isolated through column chromatography (hexanes/EtOAc: from
15:1 to 2:1:) as colorless oil (65 mg, 76% yield).
6-butoxy-7-methyl-5-phenyl-2,3-dihydro-1H,5SH-pyrazolo[1,2-a]pyrazol-1-one
(3q): '"H NMR (CDCl;, 600 MHz): 6 7.43-7.39 (m, 5H), 6.05 (s, 1H), 4.33 (t, 2H, J =
6.0 Hz), 4.03 (t, 2H, J = 6.0 Hz), 2.86 (t, 2H, J = 6.0 Hz), 2.29 (s, 3H), 1.25 (s, 3H),
0.91 (t, 3H, J = 6.0 Hz); 3C NMR (CDCl;, 150 MHz): 6 170.9, 148.2, 128.8, 128.7,
128.4, 105.9, 64.5, 44.5, 30.5, 29.6, 19.0, 13.6, 13.5. FT-IR (KBr pellet, cm™'): 3020,
3000, 1750, 1640, 840. HRMS: calcd. for C,7H;3N,O,", [M+H]*" 287.1754, found
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287.1756.

A solution of compound 3a (26 mg, 0.1 mmol) in 2 mL of THF was added 0.5 mL
of 1N HCI at room temperature. And the mixture was stirred for about 2h. The reaction
was monitored by TLC until 3a was fully consumed. The reaction mixture was
extracted with 10 mL of EtOAc. And the organic layer washed successively with
NaHCO;, water and brine, dried over Na,SO,, and concentrated in vacuo. The residue
was purified by flash column chromatography (petroleum ether/EtOAc =3: 1) to give
compound 4 as colorless oil (23 mg, 87% yield).
6-hydroxy-7-methyl-5-phenyl-2,3-dihydro-1H,5SH-pyrazolo[1,2-a]pyrazol-1-one
(4): "H NMR (CDCl3, 600 MHz): 8 7.45 (m, 3H), 7.36 (m, 2H), 6.09 (s, 1H), 4.33 (t,
2H,J=17.2 Hz), 2.90 (t, 2H, J = 6.0 Hz), 2.31 (s, 3H); 3C NMR (CDCl;, 150 MHz): §



173.7, 148.1, 144.9, 139.8, 128.9, 128.8, 106.1, 60.6, 44.0, 35.7, 13.1. FT-IR (KBr
pellet, cm): 3010, 2890, 2860, 1700, 750. HRMS: calcd. for C{3H;5N,O,", [M+H]"
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A solution of 3a (30 mg, 0.11 mmol) in ethanol was added sodium borohydride (12

231.1128, found 231.1130.

mg, 0.33 mmol). The mixture was stirred for about 1h at 0 °C. The reaction was
monitored by TLC until 3a was fully consumed. The residue was purified by flash
column chromatography (petroleum ether/EtOAc = 3: 1) to give compound 5 as
colorless oil (26 mg, 81% yield).
2-(3-hydroxypropyl)-5-methyl-3-phenyl-2,3-dihydro-1H-pyrazol-4-ol  (5): 'H
NMR (CDCl;, 600 MHz): 6 7.46-7.37 (m, 5H), 6.07 (s, 1H), 4.21 (t, 2H, J = 6.0 Hz),
3.65 (t, 2H, J= 6.0 Hz), 2.29 (s, 3H), 1.94 (t, 3H, J = 6.0 Hz), 1.25 (s, 3H); '*C NMR
(CDCl;, 150 MHz): 6147.8, 144.6, 130.7, 128.6, 128.4, 105.7, 60.1, 46.6, 32.7, 29.5,
13.3. FT-IR (KBr pellet, cm™) 3030, 2850, 1730, 1680, 841. HRMS: calcd. for
Ci3H9N,O,*, [M+H]* 235.1441, found 235.1441.
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F.!'H and 13C NMR Spectra of Products



i R T Y )
o Me
N
&M Yot
3a, (CDCIly, 600 MHz)
|
|
1
]
L i
T s 5 AT r i I
"5 :’n E|.‘5 E‘D 5.5 ;.ID 4.”\ 4. 3‘5 3.’0 15 1.‘0 [].'7' D.I[l
mmesu 7yl = 3 = = i = s
| i 1 i oo v
o Me
N
&r\i Dokt
3a, (CDCls, 150 MHz)
1
I ] | | ‘ ‘
| L] J
I%D 1 éD 1 éD 1'-‘13 léD léD 1 iD 1 ‘DD _EI‘U SID "C EL) E'D 4ID EID 2‘U l[D



Loo”

Tel”
E0OE
FIZ

zEg”
FESC
Lag”

t=ln g
FL0°
a20°
ge0°
SET”
LEFT”
o3T”

SLEC
EEEC
TEE"
gL
BFE "
T3E "
Tag "
£38°
LLET
T3E°
Tes
PeL
fduj

r—

L, 600 MHz)

3b, (CDCl,,

Ll

|

g

T
4
Ej
-

]
o
o

4.5

50

54

6.0

8

7o

A
Al
N

150 MHz)

DCl,

3b, (C

T T T T T T T
160 150 140 130 120 110 100

T
170




ooz’
114
44

150 °
880

NN NN o

R

LT A A N

Me
N:Ij
N Yokt
3¢, (CDCls, 600 MHz)

¢

75

&

pPm

55

6.0
5

6.5

70

23

5

80

L
Lo

(]

it

5

T
6T°

65 AT

203

‘L=

CFT——

O i

¥

i

FOT—e_
30T

FoUGT

LE
¥6°
I E:
6

ag 3

&8
Lo’
L .5

GTT—
GIT—

FLT-
LFT—=

L

E ¥ T—

QL E——

Me
N:Ij
N D0kt
3¢, (CDCly, 150 MHz)

¢

T T T
70 60 50 40 30

T
B8O

T T T
130 120 110 100 S0

T
160 150 140

T
170

T
180



[

¥ET

[4 [

48
G568 "

460
60}
£0€

Lze

190

982
L5€

GEY
(44

T

et o A

-

NN

Me
\;OEi
|

3d, (CDCl,, 600 MHz)

Z—

i

0.5

6.0 5.5 50 45 4.0 35 30 25 20 15
8

6.5

Me
\SOEI
|

7.0

75

lf 1
-~ 802

75
Lo

0¥ p—

Lo Qup—

IT 0T

FEOETT-

T &ET—2

L0 OLT~

B OFLT—

B EFT—

AT EFT—

8% 04—

Z-=

)

-

CDCl., 150 MHz

3d, (

WJ___L__.__L.JJ__JL

g0

T T T T T T T
160 150 140 130 120 110 100

T
170




= = =
: = %
o Me
N
N Yokt
r
3e, (CDCly, 600 MHz)
1
| [ . | |
i
]
T I JI I I.I\ j.l |c :
75 70 55 80 5% 50 15 10 2 20 25 2.0 % 10 05 00
gy 7yl - 2 - 2 = =
g : £ 5 5 - =
o Me
N
%r& okt
r
3e, (CDCl5, 150 MHz)
[
I I
| |
|
| ! I i l ‘ | |
| || i ) :
170 180 150 110 120 120 110 100 a 80 7 & 50 0 0 2 o



981 °
8oz’
0zz’

s0E "

06"

f4

Y8~

6517

8z’

929’

[0} 4]

§ie’
BZE "~

-

LR Ral

[

Me
N§
N

NO,
3f, (CDCl,, 600 MHz)

0.5

1.0

15

20

25

30

35

4.0

45

5.0

55

6.0

85

70

7.5

8.0

85

|

[l
e
o~

|

il

X

8|

=502

0

-

L
&0’

-

[T
L

eI=
L4 o

L
Li—=

e

S0 LOT—

FIT

TS §CT—

SR —

TAFT——

L

Me
Ng
N Yokt

NO,
3, (CDCly, 150 MHz)

T T T
130 120 110

150

160

140

170



+ET
A

&

3g, (CDCl,, 600 MHz)

[Pk}

112

(]
0.0l

2.2

<

s il T gl
7.5 7.0 6.5 £0 55 5.0 4.5 4.0 2.5 3.0
Pl
TE vl o = = o = = =z
= - = = a e = = =¥
e E = = = = = - =
= s = A g = = =
| | | .| | b/

o Me
N
{Lﬁ Yokt
MeO

3g, (CDCls, 150 MHz)

mnn

T T T T T T T T T T

Y T
170 180 150 140 130 120 10 100 50 B0



oLz’
2T
ez’

60C°

108"
6L8°
68’

0.5 ppm

10

LT

35

b R

55

o

OEt
85

Me

)

MeO

3h, (CDCly, 600 MHz)

70

| 1!
Lt L=y
ER

2|

75

P O W 0O 0D

i1

-

=7

6L
i}

(4

¥a

T

&0

T

367

¥

oz’

TRE——
T

L pgy—

“I—

p—

TR =
Y

%

T

1

L%

T

BT T

T

i

R —

L

T T——

OEt

\

60 50 40 30

70

140 130 120 110 100 90 80

3h, (CDCls, 150 MHz)
150

MeOD
160

170




10Z°}
ziz’
vZz’

11

gre -’

LG8
Bog

058

060°

Z01

il
80€°
gk’
IEE°

R

Zio’

(41N

186
GLT
0ZE
vee

oo

e 1]

W

¥

OEt
e

Me
h?%
M

3i, (CDCly, 600 MHz)

¢

75

05

1.0

18

20

25

30

35

40

45

50

5.5

6.0

65

7.0

oy -

&L
oo -

a8

60°

¥0°

S0’

&8T°
s0°

&3

L1

T~
pT——

A —

L~

1

L=

LLE G —

FIT—— T —

R e— —

= —

L

SFT——

Me
\z
M

OFt
e
3i, (CDCly, 150 MHz)

65— -
=3

LT S =

T T T
130 120 110

140

160

90 80 70 60 50

100

150

170



T F W T I
o Me
N
%ﬁ Yokt
MeO
Me
3j. (CDCly, 600 MHz)
|
| ]
I
- ST
T » i Il T T T
2 g = = & = = =
?lS TID 5‘3 B'D ;IE 5‘0 41‘5 4.‘0 3.‘5 3.‘0 2.‘5 2.[[1 1.‘5 1.‘0 D.IS D.IU
sugyl =g = = =
1 13 T
o Me
N
%ﬁ Dokt
MeO
Me
3j, (CDClg, 150 MHz)
! TR | |
lj"[) I .'lf‘:'i] 1%0 I l;EI ’ léD ‘ AéD liD lEID”I) i BrD ?ID ErD 5:0 40 J‘D 270 1‘0



iV W i
o Me
N
&ﬁ N ok
NMe,
3k, (CDCl,, 600 MHz)
|
| | |
J "
I T 1 o SRy r g
".I5 T‘D I E.IS D‘D 8.5 A 4.5 4.‘0 5 3.‘0 I il 2“0 =B l.‘El 0.‘5 D.‘D
= = & & ==
1 3 T i
0 Me
N
&nﬁ Dokt
NMEE
3k, (CDCly, 150 MHz)
| I
| | |
|I
1 |
i 1
170 &0 150 140 130 110 100 70 &0 50 40 30 20 10



&00

STO"

PETC

BLE

EFL”

=FA-
PaE "
066~
TTIT"

05T"
S5T°
QLE "
LT
BLET
T5%°
EEi
Z9%
99% 7
BLE
&2
ZeF "
oos-
£05°
nozs”
¥ES°
S5E5°
TFS"
EP5°
9357
i
L59°

0
-

31, (CDCly, 600 MHz)

Mu

l

=1
=

[

31, (CDCls, 150 MHz)

80

T T T T T T T
160 150 140 130 120 110 100

T
170




810"

|-
sz’

€8z’

006 °
Zi8
§26 "

LR

TTT T TS

OEt
3m, (CDCl,, 600 MHz)

1)

35 3.0 25 20 15 10 05 Ppm

4.0

b —

08—

I

BY

g

ol

Be'll—

W —

110 100 80

120

3m, (CDCl,, 150 MHz)
150 140 130

160

1




R
il

[NZERSV2 V& : i
o Me
N
N Yokt
70

3n, (CDCly, 600 MHz)

b i o i T T T i
E = = = - - % =
T T 3 ¢ T T T T L] T H T T T T
. 7.0 i.5 B0 5.5 5.0 4.5 4.0 3.5 40 2.5 2.0 5 1.0 0.5 0.0

" Me
N
<“:|~1 Yokt

70

=

3n, (CDCls, 150 MHz)

T { T T ¥ J T T
170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10



w -+ e i I uy <o
uwy o Wm0 o [ =1
=1 w o0 00 00 a0 00 ™ [=2=]
< o RN ~ oo
| | [ L
i | b8
9 Me
N
&i D~OMe
3o, (CDCly. 600 MHz)
. B e e O, (RSN (e T SR || N
7 ik By o T T T T 4 T A S s P I S
7.5 7.0 6.5 6.0 5.5 5.0 45 40 35 30 2.5 20 1.5 1.0 0.5 ppm
3 g B B B B
M5 pc o & o =
i
i
0 Me

&3 \ OMe

3o, (CDCl;, 150 MHz)

I T T T T T T
80 70 60 50 40 30 20 10 ppm

T T
170 160 150 140 130 120 110 100 90



RS g ze2  ams gz ® ges g
QR | N2 b N \ v |
% Me
N
N \§0Pr
3p, (CDCl, 600 MHz)
1
| | |
J [ l J
|-[| H »-I— »Tl Ii_l e i: 1
L, 8 5 & & F e
o s - = o o el
¥h 7.0 6. B 6.0 5.5 5.0 dh 40 5 3.0 25 2.0 i 1.0 0.5 0.0
e et 5 % Bme2 z se 3 3 = g = 3
£ g3 GLEL g EEE 9 3 2 & & =
I 1 R | ¥ I I
é Me
N
N_ D—opr
3p, (CDCls, 150 MHz)
I
|
j | J | | |
| L1 ] J | R
170 160 150 140 130 120 110 100 Q_D 80 0 60 a0 40 30 n 10



i Of

9 Me

.

Z-Z
-
=]
=)
s3]
&

3q. (CDCl,, 600 MHz)

—2. 29

0

i
Gy 1 T 7 ) T
I- T T _I T T - -l T = T = T T vt T
.5 7.0 8.3 8.0 5.5 50 15 1.0 3.0 2.3 2.0 L5 .0 0.5 0.0
IIgrsy yy1 E: zes 2 4= 2 e
S E EEES £ = - e ;

3q, (CDCl3, 150 MHz)

T T T T T
170 160 130 140 130 120 110

.
00



T

BEE
05 mv

e

[ &

ee vw
vEP

[

Me
%C)H

4 (CDCl,, 600 MHz)

Z-z

I

I\

T

F

=

I

2

e

B0°E

s1'z

001

st
Firs

nn

ns

in

15

20

i L

40

45

50

55

A0

A5

7n

75

arel—

0£'5E—

G0 b

B985
ao.hhv
TEEL

1 S

S8 8L
98 mﬁW.

S6°BLT
[:3 oﬁk\

L0 T —
ET 8FT—

0L ELT—

o

z

=

=

uy

T =

o X2

@ 5}
MJ\W\\@ S
Z~ -

—

160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10

170



£6°1
o ,v
561

[

05—

{ppm)

£1

o

|

HN

#'El—

#B'TE—
8L 9% —

0Z' 09—

B9
) NNW-
TELd

8 501—
25 8e1
0 WZW.
60821
evoer/

9L b T
FAA L bl

10

20

30

40

60

70

a0

140 130 120 110 100

Me
$—OH
160 150

HN

170

HO




