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I. General experimental information

Commercial reagents were used without further purification. 1-Arylpyrazolidinones 1,1 allenyl acetates 2,
and [RhCp*Cl.].[! were prepared based on literature procedures. Melting points were recorded with a micro
melting point apparatus and uncorrected. The *H NMR spectra were recorded at 400 MHz or 600 MHz. The
13C NMR spectra were recorded at 100 MHz or 150 MHz. The **F NMR spectra were recorded at 565 MHz or
376 MHz. Chemical shifts were expressed in parts per million (), and were reported as s (singlet), d (doublet),
t (triplet), g (quartet), dd (doublet of doublet), td (triplet of doublets), m (multiplet), etc. The coupling
constants J were given in Hz. High resolution mass spectra (HRMS) were obtained via ESI-TOF mode by
using a BRUKER compact mass spectrometer. All reactions were monitored by thin layer chromatography
(TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and components were visualized by observation

under UV light (254 and 365 nm).

S3



I1. Experimental procedures and spectroscopic data
1. Typical procedure for the synthesis of 3a and spectroscopic data of 3a-3ee

To a reaction tube equipped with a stir bar were charged with 1-phenylpyrazolidin-3-one (1a, 64.8 mg, 0.4
mmol), DCE (2 mL), [RhCp*Cl2]> (3.1 mg, 0.005 mmol), NaOAc (8.2 mg, 0.1 mmol) and 1-phenylbuta-2,3-
dien-1-yl acetate (2a, 37.6 mg, 0.2 mmol). The tube was then sealed, and the mixture was stirred at room
temperature under argon for 2 h. Upon completion, it was quenched with saturated brine, and extracted with
dichloromethane (10 mL x 3). The combined organic phases were dried over anhydrous NaSOs, filtered
through a pad of celite, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography using petroleum ether/ethyl acetate (2:1) as eluent to afford 3a. 3b-3ee were obtained
in a similar manner.
(E)-9-Methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3a)
Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (45.3 mg, 78%), mp 121.6-122.5 °C. *H NMR
(CDCls, 600 MHz): & 7.35 (d, J = 7.2 Hz, 2H), 7.29-7.26 (m, 3H), 7.22-7.19 (m, 1H), 7.14 (d, J = 7.2 Hz, 1H),
7.05 (td, J1 = 7.2 Hz, Jo = 1.2 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 6.50 (d, J = 15.6 Hz, 1H), 6.43 (d, J = 15.6 Hz,
1H), 3.88 (td, J1 = 9.0 Hz, J; = 4.8 Hz, 1H), 3.50-3.45 (m, 1H), 3.04-2.98 (m, 1H), 2.82-2.78 (m, 1H), 2.05 (s,
3H). 3C{*H} NMR (CDCls, 150 MHz): 5 164.6, 147.1, 136.2, 134.9, 130.3, 129.3, 128.9, 128.5, 127.9, 126.9,
122.9, 122.7, 110.0, 66.2, 51.2, 35.3, 24.4. HRMS (ESI) m/z: [M+Na]" Calcd for C1gH1sN2NaO 313.1311;
Found 313.1308.
(E)-7,9-Dimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3b)
Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (42.0 mg, 69%), mp 82.3-89.3 °C. *H NMR (CDCls,
400 MHz): § 7.30-7.28 (m, 2H), 7.21-7.17 (m, 2H), 7.15-7.10 (m, 1H), 7.00 (dd, J1 = 8.0 Hz, J> = 0.8 Hz, 1H),
6.86 (s, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.45 (d, J = 16.0 Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 3.77 (td, J1 = 8.4

Hz, J, = 4.4 Hz, 1H), 3.38-3.31 (m, 1H), 2.96-2.87 (m, 1H), 2.74-2.67 (m, 1H), 2.26 (s, 3H), 1.96 (s, 3H).

S4



13C{'H} NMR (CDCls, 100 MHz): 5 164.8, 145.0, 136.3, 135.2, 132.7, 130.5, 129.5, 129.2, 128.6, 127.9,
126.9, 123.2, 109.9, 66.3, 51.7, 35.5, 24.5, 21.1. HRMS (ESI) m/z: [M+Na]" Calcd for CzoH20N2NaO
327.1468; Found 327.1472.
(E)-7-Chloro-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3c)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (48.7 mg, 75%), mp 124.0-124.9 °C. *H NMR
(CDCls, 600 MHz): & 7.36 (d, J = 7.2 Hz, 2H), 7.28 (t, J = 7.2 Hz, 2H), 7.24-7.21 (m, 2H), 7.10 (d, J = 1.8 Hz,
1H), 6.70 (d, J = 8.4 Hz, 1H), 6.52 (d, J = 15.6 Hz, 1H), 6.38 (d, J = 15.6 Hz, 1H), 3.84 (td, J1 = 8.4 Hz, J» =
4.2 Hz 1H), 3.47-3.43 (m, 1H), 3.02-2.96 (m, 1H), 2.82-2.78 (m, 1H), 2.03 (s, 3H). 3C{*H} NMR (CDCls,
150 MHz): 6 164.7, 145.8, 136.8, 136.0, 129.8, 129.7, 129.0, 128.6, 128.1, 128.0, 126.9, 123.0, 111.0, 66.3,
51.1, 35.3, 24.4. HRMS (ESI) m/z: [M+Na]* Calcd for C1H17CIN2NaO 347.0922; Found 347.0927.
(E)-7-Bromo-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3d)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (49.4 mg, 67%), mp 73.5-74.2 °C. *H NMR (CDCls,
600 MHz): § 7.38-7.36 (m, 3H), 7.29 (t, J = 7.2 Hz, 2H), 7.24-7.21 (m, 2H), 6.66 (d, J = 8.4 Hz, 1H), 6.52 (d,
J = 16.2 Hz, 1H), 6.38 (d, J = 15.6 Hz, 1H), 3.85 (td, J1 = 9.0 Hz, J» = 4.8 Hz, 1H), 3.48-3.44 (m, 1H),
3.02-2.96 (m, 1H), 2.83-2.78 (m, 1H), 2.03 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 164.6, 146.2, 137.2,
136.0, 131.8, 129.8, 129.7, 128.6, 128.1, 127.0, 125.8, 115.2, 111.5, 66.2, 51.0, 35.3, 24.4. HRMS (ESI) m/z:
[M+Na]™ Calcd for C19H17BrN2NaO 391.0416; Found 391.0406.
(E)-9-Methyl-9-styryl-7-(trifluoromethyl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3e)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (47.0 mg, 66%), mp 104.8-105.6 °C. *H NMR
(CDCls, 600 MHz): § 7.54 (d, J = 8.4 Hz, 1H), 7.37-7.36 (m, 3H), 7.29 (t, J = 7.8 Hz, 2H), 7.23 (t, J = 7.2 Hz,
1H), 6.82 (d, J = 8.4 Hz, 1H), 6.53 (d, J = 15.6 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 3.92 (td, J1 = 9.0 Hz, J, =
4.8 Hz, 1H), 3.57-3.53 (m, 1H), 3.05-2.99 (m, 1H), 2.86-2.82 (m, 1H), 2.07 (s, 3H). 3C{*H} NMR (CDCls,

150 MHz): & 164.5, 149.5, 135.8, 135.6, 129.9, 129.4, 128.6, 128.1, 126.9, 126.7 (q, *Jc-r = 3.0 Hz), 125.0 (q,
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2Jcr = 32.1 Hz), 124.3 (q, Nc-r = 269.9 Hz), 119.9 (q, 3Jc-r = 3.3 Hz), 109.5, 66.2, 50.1, 35.1, 24.3. 1%F NMR
(565 MHz, CDCl3) 3: -61.30 (s). HRMS (ESI) m/z: [M+Na]" Calcd for CooH17F3N2NaO 381.1185; Found
381.1174.

(E)-6,9-Dimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3f)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (54.8 mg, 90%), mp 42.0-43.8 °C. *H NMR (CDCls,
600 MHz): & 7.35 (d, J = 7.2 Hz, 2H), 7.28-7.26 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H),
6.87 (d, J = 7.2 Hz, 1H), 6.61 (s, 1H), 6.50 (d, J = 16.2 Hz, 1H), 6.44 (d, J = 16.2 Hz, 1H), 3.86 (td, J1 = 8.4
Hz, J» = 4.8 Hz, 1H), 3.47-3.43 (m, 1H), 3.02-2.97 (m, 1H), 2.81-2.76 (m, 1H), 2.37 (s, 3H), 2.04 (s, 3H).
BC{'H} NMR (CDCls, 100 MHz): & 164.6, 147.3, 139.2, 136.3, 132.2, 130.5, 129.1, 128.5, 127.8, 126.9,
123.7, 122.4, 110.7, 66.1, 51.2, 35.4, 24.6, 21.6. HRMS (ESI) m/z: [M+Na]* Calcd for CaoH2N2NaO
327.1468; Found 327.1471.
(E)-6-Chloro-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (39)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (50.6 mg, 78%), mp 49.5-50.3 °C. *H NMR (CDCls,
600 MHz): & 7.35 (d, J = 7.2 Hz, 2H), 7.27 (t, J = 7.8 Hz, 2H), 7.21 (t, J = 7.2 Hz, 1H), 7.04 (d, J = 8.4 Hz,
1H), 7.00 (dd, J1 = 7.8 Hz, J2 = 1.2 Hz, 1H), 6.76 (d, J = 1.8 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 6.40 (d, J =
16.2 Hz, 1H), 3.85 (td, J1 = 9.0 Hz, J» = 4.8 Hz, 1H), 3.50-3.46 (m, 1H), 3.01-2.96 (m, 1H), 2.83-2.78 (m, 1H),
2.02 (s, 3H). BC{*H} NMR (CDCls, 100 MHz): & 164.5, 148.2, 136.0, 134.7, 133.4, 129.8, 129.6, 128.6,
128.0, 126.9, 123.6, 122.8, 110.3, 66.0, 50.6, 35.2, 24.4. HRMS (ESI) m/z: [M+Na]" Calcd for
C19H17CIN2NaO 347.0922; Found 347.0909.
(E)-6-Bromo-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3h)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (58.0 mg, 79%), mp 45.3-46.3 °C. *H NMR (CDCls,
600 MHz): & 7.34 (d, J = 7.8 Hz, 2H), 7.27 (t, = 7.2 Hz, 2H), 7.21 (t, J = 7.2 Hz, 1H), 7.15 (dd, J; = 8.4 Hz,

Jo=1.8 Hz, 1H), 6.97 (d, J = 7.8 Hz, 1H), 6.91 (d, J = 1.2 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 6.40 (d, J = 15.6
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Hz, 1H), 3.84 (td, J1 = 8.4 Hz, J, = 4.8 Hz, 1H), 3.49-3.45 (m, 1H), 3.01-2.95 (m, 1H), 2.82-2.77 (m, 1H), 2.02
(s, 3H). ¥C{*H} NMR (CDCls, 150 MHz): § 164.5, 148.4, 136.0, 134.0, 129.70, 129.67, 128.6, 128.1, 126.9,
125.7, 124.0, 122.5, 113.2, 66.1, 50.7, 35.2, 24.4. HRMS (ESI) m/z: [M+Na]* Calcd for Ci9H17BrN2NaO
391.0416; Found 391.0428.
(E)-5-Fluoro-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3i)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (31.0 mg, 50%), mp 57.4-58.3 °C. *H NMR (CDCls,
600 MHz): & 7.36-7.34 (m, 2H), 7.29-7.26 (m, 2H), 7.23-7.20 (m, 1H), 7.02-6.98 (m, 2H), 6.94-6.92 (m, 1H),
6.51 (d, J = 15.6 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 4.03-3.99 (m, 1H), 3.64-3.60 (m, 1H), 3.03-2.97 (m, 1H),
2.82-2.77 (m, 1H), 2.06 (s, 3H). *.C{*H} NMR (CDCls, 150 MHz): & 164.9, 149.0 (d, Wc.r = 244.2 Hz), 138.3
(d, 3Jc-F = 3.5 Hz), 136.0, 134.0 (d, 2Jc-r = 13.4 Hz), 129.8, 129.6, 128.5, 128.0, 126.9, 124.1 (d, %Jcr = 5.6
Hz), 118.3 (d, *Jc-r = 3.3 Hz), 115.8 (d, 2Jc-r = 18.2 Hz), 66.7, 52.1 (d, “Jcr = 2.1 Hz), 35.6, 24.6. °F NMR
(565 MHz, CDCl3) &: -132.78 — -132.81 (m). HRMS (ESI) m/z; [M+Na]* Calcd for C19H17FN2NaO 331.1217;
Found 331.1203.

(E)-5-Methoxy-9-methyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3j)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (40.8 mg, 64%), mp 73.9-74.9 °C. *H NMR (CDCls,
400 MHz): & 7.35 (d, J = 7.2 Hz, 2H), 7.27 (t, J = 7.2 Hz, 2H), 7.22-7.18 (m, 1H), 7.04 (t, J = 7.6 Hz, 1H),
6.82 (d, J = 8.4 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.52 (d, J = 16.0 Hz, 1H), 6.43 (d, J = 16.0 Hz, 1H), 4.02 (td,
J1 = 8.4 Hz, J; = 4.4 Hz, 1H), 3.87 (s, 3H), 3.59-3.52 (m, 1H), 3.01-2.92 (m, 1H), 2.78-2.71 (m, 1H), 2.05 (s,
3H). ¥C{*H} NMR (CDClIs, 100 MHz): § 165.2, 146.4, 136.32, 136.26, 135.2, 130.4, 129.2, 128.5, 127.8,
126.8, 124.3, 114.8, 110.8, 66.5, 55.7, 53.0, 35.7, 24.7. HRMS (ESI) m/z: [M+Na]* Calcd for CaoH20N2NaO>
343.1417; Found 343.1420.

(E)-6,7,9-Trimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3K)
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Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (57.4 mg, 90%), mp 136.9-137.7 °C. *H NMR
(CDCls, 600 MHz): & 7.36-7.35 (m, 2H), 7.27-7.25 (m, 2H), 7.21-7.18 (m, 1H), 6.89 (s, 1H), 6.60 (s, 1H),
6.51 (d, J = 16.2 Hz, 1H), 6.42 (d, J = 15.6 Hz, 1H), 3.83 (td, J1= 8.4 Hz, J,= 4.8 Hz, 1H), 3.43-3.39 (m, 1H),
3.01-2.95 (m, 1H), 2.80-2.75 (m, 1H), 2.26 (s, 3H), 2.24 (s, 3H), 2.03 (s, 3H). 3C{"H} NMR (CDCls, 150
MHz): 6 164.7, 145.4, 137.5, 136.4, 132.5, 131.3, 130.6, 129.0, 128.5, 127.8, 126.9, 123.5, 111.4, 66.2, 51.8,
35.5, 24.6, 20.3, 19.7. HRMS (ESI) m/z: [M+Na]* Calcd for C21H22N2NaO 341.1624; Found 341.1621.
(E)-2,2,9-Trimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3I)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (34.1 mg, 54%), mp 134.8-135.8 °C. *H NMR
(CDCls, 400 MHz): § 7.35-7.33 (m, 2H), 7.29-7.24 (m, 3H), 7.22-7.18 (m, 1H), 7.15 (d, J = 7.2 Hz, 1H), 7.03
(td, J1 = 7.6 Hz, Jo = 0.8 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 6.39 (d, J = 16.0 Hz, 1H),
3.66 (d, J = 8.4 Hz, 1H), 3.21 (d, J = 8.4 Hz, 1H), 2.06 (s, 3H), 1.41 (s, 3H), 1.29 (s, 3H). 3C{*H} NMR
(CDCl3, 150 MHz): 6 170.0, 147.2, 136.4, 135.0, 130.4, 129.1, 128.9, 128.6, 127.9, 127.0, 122.8, 122.6, 110.0,
66.1, 64.1, 46.0, 24.6, 23.3, 22.8. HRMS (ESI) m/z: [M+Na]* Calcd for Cz1H22N2NaO* 341.1624; Found
341.16109.

(E)-2,2,7,9-Tetramethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3m)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (26.6 mg, 40%), mp 137.5-138.5 °C. *H NMR
(CDCls, 400 MHz): § 7.35-7.33 (m, 2H), 7.28-7.24 (m, 2H), 7.21-7.17 (m, 1H), 7.06-7.04 (m, 1H), 6.93 (s,
1H), 6.66 (d, J = 8.0 Hz, 1H), 6.49 (d, J = 15.6 Hz, 1H), 6.37 (d, J = 15.6 Hz, 1H), 3.62 (d, J = 8.4 Hz, 1H),
3.16 (d, J = 8.0 Hz, 1H), 2.32 (s, 3H), 2.03 (s, 3H), 1.40 (s, 3H), 1.27 (s, 3H). 3¥C{*H} NMR (CDCls, 100
MHz): 6 170.1, 145.0, 136.5, 135.2. 132.5, 130.5, 129.4, 128.9, 128.6, 127.8. 126.9, 123.1, 109.9, 66.1, 64.6,
46.0, 24.5, 23.3, 22.8, 21.1. HRMS (ESI) m/z: [M+Na]* Calcd for C2:H24N2NaO* 355.1781; Found 355.1787.

(E)-7-Methoxy-2,2,9-trimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3n)
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Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (30.4 mg, 44%), mp 80.8-81.8 °C. *H NMR (CDCls,
400 MHz): 6 7.36-7.34 (m, 2H), 7.29-7.25 (m, 2H), 7.22-7.18 (m, 1H), 6.81 (dd, J1 = 8.4 Hz, J, = 2.4 Hz, 1H),
6.71-6.69 (m, 2H), 6.51 (d, J = 15.6 Hz, 1H), 6.38 (d, J = 16.0 Hz, 1H), 3.79 (s, 3H), 3.61 (d, J = 8.0 Hz, 1H),
3.14 (d, J = 8.0 Hz 1H), 2.05 (s, 3H), 1.40 (s, 3H), 1.28 (s, 3H). *C{*H} NMR (CDCl3, 100 MHz): § 170.3,
156.3, 141.1, 136.40, 136.35, 130.3, 129.2, 128.6, 127.9, 127.0, 114.2, 110.8, 108.8, 66.3, 65.0, 56.0, 46.0,
24.5, 23.2, 22.7. HRMS (ESI) m/z: [M+Na]* Calcd for C22H24N2NaO, 371.1730; Found 371.1734.
(E)-7-Fluoro-2,2,9-trimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (30)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (31.5 mg, 47%), mp 118.2-119.2 °C. 'H NMR
(CDCls, 400 MHz): § 7.36-7.34 (m, 2H), 7.30-7.26 (m, 2H), 7.24-7.20 (m, 1H), 6.96 (td, J1 = 8.8 Hz, J, = 2.4
Hz, 1H), 6.87 (dd, J1 = 8.0 Hz, J» = 2.4 Hz, 1H), 6.69 (dd, J1 = 8.4 Hz, J, = 4.0 Hz, 1H), 6.50 (d, J = 15.6 Hz,
1H), 6.36 (d, J = 16.0 Hz, 1H), 3.62 (d, J = 8.4 Hz, 1H), 3.17 (d, J = 8.0 Hz, 1H), 2.04 (s, 3H), 1.40 (s, 3H),
1.29 (s, 3H). 3C{*H} NMR (CDCl3, 100 MHz): § 170.2, 159.3 (d, LJc.r = 239.5 Hz), 143.4 (d, “Jcr = 2.2 Hz),
136.6 (d, 3Jc.r = 8.5 Hz), 136.2, 129.8, 129.5, 128.6, 128.0, 127.0, 115.6 (d, 2Jc.F = 23.9 Hz), 110.8 (d, 3Jcr =
9.2 Hz), 110.1 (d, e = 24.7 Hz), 66.2 (d, “Jc-r = 2.2 Hz), 64.6, 46.0, 24.5, 23.2, 22.7. *F NMR (376 MHz,
CDCl3): 6 -120.49 (td, J1 = 7.9 Hz, J> = 4.1 Hz). HRMS (ESI) m/z: [M+Na]" Calcd for C21H21FN2NaO*
359.1530; Found 359.1540.
(E)-2,2,9-Trimethyl-9-styryl-7-(trifluoromethyl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3p)
Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (31.5 mg, 41%), mp 90.7-91.7 °C. *H NMR (CDCls,
400 MHz): 5 7.53 (d, J = 8.0 Hz, 1H), 7.37-7.35 (m, 3H), 7.29 (t, J = 7.2 Hz, 2H), 7.25-7.21 (m, 1H), 6.80 (d,
J=8.4Hz, 1H), 6.51 (d, J = 16.0 Hz, 1H), 6.37 (d, J = 15.6 Hz, 1H), 3.69 (d, J = 8.4 Hz, 1H), 3.29 (d, J = 8.4
Hz, 1H), 2.07 (s, 3H), 1.42 (s, 3H), 1.31 (s, 3H). C{*H} NMR (CDCls, 100 MHz): § 170.0, 149.6, 136.0,

135.7, 129.7, 129.5, 128.7, 128.2, 127.0, 126.7 (q, 3Jcr = 3.3 Hz), 124.9 (g, 2Jcr = 31.8 Hz), 124.4 (q, Ycr =
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269.5 Hz), 119.8 (q, 3Jcr = 3.4 Hz), 109.5, 66.1, 63.2, 46.0, 24.5, 23.4. 22.8. 1°F NMR (376 MHz, CDCl3): &
-61.28 (s). HRMS (ESI) m/z: [M+Na]* Calcd for C22H21F3N2NaO™* 409.1498; Found 409.1487.
(E)-9-Methyl-9-(4-methylstyryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3q)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (44.5 mg, 73%), mp 44.6-45.2 °C. *H NMR (CDCls,
600 MHz): § 7.28-7.23 (m, 3H), 7.13 (d, J = 7.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.04 (td, J1 = 7.8 Hz, J1 =
0.6 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.38 (d, J = 16.2 Hz, 1H), 3.87 (td, J1 = 9.0
Hz, J2 = 4.8 Hz, 1H), 3.48-3.44 (m, 1H), 3.03-2.97 (m, 1H), 2.82-2.77 (m, 1H), 2.30 (s, 3H), 2.04 (s, 3H).
BC{'H} NMR (CDCls, 150 MHz): & 164.6, 147.2, 137.8, 135.1, 133.5, 129.3, 129.28, 129.26, 128.9, 126.8,
122.9, 122.8, 110.0, 66.3, 51.2, 35.4, 24.6, 21.3. HRMS (ESI) m/z: [M+Na]* Calcd for CaoHz0N2NaO
327.1468; Found 327.1470.
(E)-9-(4-Ethylstyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3r)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (42.6 mg, 67%). 'H NMR (CDCls, 600 MHz): §
7.28-7.26 (m, 3H), 7.13 (d, J = 7.8 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.05 (td, J; = 7.8 Hz, J» = 1.2 Hz, 1H),
6.78 (d, J = 7.8 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 3.87 (td, J1 = 8.4 Hz, J, = 4.2 Hz,
1H), 3.49-3.45 (m, 1H), 3.03-2.97 (m, 1H), 2.82-2.77 (m, 1H), 2.61 (g, J = 7.2 Hz, 2H), 2.05 (s, 3H), 1.20 (t, J
= 7.2 Hz, 3H). BC{*H} NMR (CDCls, 150 MHz): & 164.6, 147.2, 144.2, 135.1, 133.7, 129.4, 129.3, 128.9,
128.1, 126.9, 122.9, 122.8, 110.0, 66.3, 51.2, 35.4, 28.7, 24.6, 15.6. HRMS (ESI) m/z: [M+Na]" Calcd for
C21H22N2NaO 341.1624; Found 341.1632.
(E)-9-(2-([1,1'-Biphenyl]-4-yl)vinyl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3s)
Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (40.4 mg, 55%), mp 136.0-136.9 °C. *H NMR
(CDCl3, 400 MHz): § 7.59-7.57 (m, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 4H), 7.34-7.25 (m, 2H), 7.16
(d, J = 7.2 Hz, 1H), 7.08-7.04 (m, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 16.0 Hz, 1H), 6.47 (d, J = 15.6

Hz, 1H), 3.89 (td, J1 = 8.4 Hz, Jo = 4.0 Hz, 1H), 3.51-3.45 (m, 1H), 3.06-2.97 (m, 1H), 2.84-2.77 (m, 1H), 2.07
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(s, 3H). *C{*H} NMR (CDCls, 100 MHz): & 164.7, 147.2, 140.7, 140.6, 135.4, 135.0, 130.5, 129.0, 128.90,
128.88, 127.44, 127.37, 127.3, 127.0, 123.0, 122.8, 110.1, 66.3, 51.3, 35.4, 24.6. HRMS (ESI) m/z: [M+Na]"
Calcd for C2sH22N2NaO 389.1624; Found 389.1622.
(E)-9-(4-Fluorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3t)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (35.7 mg, 58%), mp 114.8-115.7 °C. *H NMR
(CDCls, 400 MHz): § 7.26-7.19 (m, 3H), 7.06 (d, J = 7.2 Hz, 1H), 6.98 (td, J1 = 7.6 Hz, J» = 0.4 Hz, 1H),
6.91-6.86 (m, 2H), 6.72 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 6.28 (d, J = 16.0 Hz, 1H), 3.81 (td, J1 =
8.8 Hz, J; = 4.8 Hz, 1H), 3.44-3.37 (m, 1H), 2.98-2.89 (m, 1H), 2.77-2.69 (m, 1H), 1.97 (s, 3H). ¥C{ H}
NMR (CDCls, 150 MHz): § 164.7, 162.6 (d, YJc.r = 245.4 Hz), 147.2, 134.9, 132.5 (d, “Jcr = 3.0 Hz), 130.2
(d, ®Jc.F = 2.4 Hz), 129.0, 128.5 (d, 3Jc-F = 7.1 Hz), 128.2, 123.0, 122.7, 115.5 (d, 2Jc.F = 21.2 Hz), 110.1, 66.2,
51.3, 35.4. 24.5. 19F NMR (565 MHz, CDCl3): & -114.10 — -114.15 (m). HRMS (ESI) m/z: [M+Na]* Calcd for
C1oH17FN2NaO 331.1217; Found 331.1214.
(E)-9-(4-Bromostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3u)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (55.5 mg, 75%), mp 54.3-55.3 °C. *H NMR (CDCls,
400 MHz): & 7.39 (d, J = 8.8 Hz, 2H), 7.30-7.26 (m, 1H), 7.21 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 7.2 Hz, 1H),
7.07-7.03 (m, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.47-6.39 (m, 2H), 3.89 (td, J1 = 8.8 Hz, J2 = 4.0 Hz, 1H),
3.51-3.44 (m, 1H), 3.05-2.97 (m, 1H), 2.84-2.76 (m, 1H), 2.05 (s, 3H). 3C{*H} NMR (CDCls, 100 MHz): &
164.8, 147.2, 135.3, 134.7, 131.7, 131.2, 129.1, 128.5, 128.2, 123.1, 122.7, 121.8, 110.1, 66.2, 51.3, 35.4, 24 .5.
HRMS (ESI) m/z: [M+Na]* Calcd for C19H17BrN2NaO 391.0416; Found 391.0407.
(E)-9-Methyl-9-(4-(trifluoromethyl)styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3v)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (39.4 mg, 55%), mp 44.3-45.3 °C. *H NMR (CDCls,
600 MHz): 5 7.52 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.29 (t, J = 7.8 Hz, 1H), 7.15 (d, J = 7.2 Hz,

1H), 7.06 (t, J = 7.2 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 6.55 (d, J = 15.6 Hz, 1H), 6.51 (d, J = 16.2 Hz, 1H),
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3.90 (td, J1 = 8.4 Hz, J1 = 4.2 Hz, 1H), 3.51-3.46 (m, 1H), 3.05-2.99 (m, 1H), 2.84-2.79 (m, 1H), 2.07 (s, 3H).
BC{'H} NMR (CDCls, 150 MHz): § 164.9, 147.2, 139.9, 134.5, 133.0, 129.7 (g, 2Jcr = 31.7 Hz), 129.2,
128.0, 127.1, 125.5 (q, 3Jc.r = 3.5 Hz), 124.3 (q, YJcr = 270.5 Hz), 123.1, 122.6, 110.2, 66.2, 51.3, 35.4, 24.4.
F NMR (565 MHz, CDCls): § -62.50 (s). HRMS (ESI) m/z: [M+Na]* Calcd for C2oHi7FsN2NaO 381.1185;
Found 381.1177.

(E)-9-Methyl-9-(3-methylstyryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3w)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (41.4 mg, 68%). 'H NMR (CDCls, 600 MHz): §
7.28-7.25 (m, 1H), 7.18 (s, 1H), 7.17-7.13 (m, 3H), 7.05-7.01 (m, 2H), 6.78 (d, J = 7.8 Hz, 1H), 6.47 (d, J =
16.2 Hz, 1H), 6.42 (d, J = 15.6 Hz, 1H), 3.86 (td, J1 = 8.4 Hz, J, = 4.2 Hz, 1H), 3.49-3.44 (m, 1H), 3.02-2.96
(m, 1H), 2.82-2.77 (m, 1H), 2.30 (s, 3H), 2.05 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 164.6, 147.2,
138.1, 136.2, 135.0, 130.1, 129.4, 128.9. 128.7, 128.5, 127.5, 124.2, 122.9, 122.7, 110.0, 66.3, 51.2, 35.4, 24.5,
21.4. HRMS (ESI) m/z: [M+Na]* Calcd for C20H20N2NaO 327.1468; Found 327.1479.
(E)-9-(3-Chlorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3x)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (45.2 mg, 70%), mp 45.6-46.2 °C. *H NMR (CDCls,
400 MHz): § 7.35 (s, 1H), 7.30-7.26 (m, 1H), 7.23-7.16 (m, 3H), 7.14-7.13 (m, 1H), 7.05 (td, J1 = 7.2 Hz, J» =
0.8 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.49-6.40 (m, 2H), 3.89 (td, J; = 8.4 Hz, J; = 4.4 Hz, 1H), 3.51-3.44 (m,
1H), 3.05-2.97 (m, 1H), 2.84-2.77 (m, 1H), 2.05 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 164.8, 147.2,
138.2,134.7, 134.5, 131.9, 129.8, 129.1, 128.0, 127.9, 126.8, 125.2, 123.1, 122.7, 110.1, 66.1, 51.3, 35.4, 24.4.
HRMS (ESI) m/z: [M+Na]* Calcd for C19H17CIN2NaO 347.0922; Found 347.0921.
(E)-9-Methyl-9-(2-methylstyryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3y)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (37.6 mg, 62%), mp 94.5-95.3 °C. *H NMR (CDCls,
400 MHz): § 7.42-7.40 (m, 1H), 7.29-7.25 (m, 1H), 7.15-7.08 (m, 4H), 7.05 (td, J1 = 7.2 Hz, J» = 0.8 Hz, 1H),

6.78 (d, J = 7.6 Hz, 1H), 6.74 (d, J = 16.0 Hz, 1H), 6.31 (d, J = 15.6 Hz, 1H), 3.85 (td, J1 = 8.4 Hz, J, = 4.8 Hz,
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1H), 3.53-3.47 (m, 1H), 3.02-2.94 (m, 1H), 2.85-2.77 (m, 1H), 2.28 (s, 3H), 2.05 (s, 3H). 3C{*H} NMR
(CDCls, 100 MHz): ¢ 164.6, 147.2, 135.8, 135.5, 135.1, 131.7, 130.3, 128.9, 127.8, 127.4, 126.13, 126.11,
1229, 122.7, 110.0, 66.4, 51.2, 35.4, 24.6, 19.8. HRMS (ESI) m/z: [M+Na]" Calcd for CoH20N2NaO
327.1468; Found 327.1471.
(E)-9-(2-Chlorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3z)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (50.8 mg, 78%). *H NMR (CDCls, 400 MHz): 7.52 (dd,
J1= 7.6 Hz, Jo = 2.4 Hz, 1H), 7.32-7.26 (m, 2H), 7.20-7.12 (m, 3H), 7.06 (td, J1 = 7.6 Hz, J> = 0.8 Hz, 1H),
6.93 (d, J = 16.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.46 (d, J = 16.0 Hz, 1H), 3.82 (td, J1 = 8.8 Hz, J> = 5.6 Hz,
1H), 3.58-3.51 (m, 1H), 3.01-2.93 (m, 1H), 2.87-2.79 (m, 1H), 2.04 (s, 3H). C{*H} NMR (CDCls, 100
MHz): 6 164.6, 147.2, 134.5, 133.4, 133.0, 129.6, 129.0, 128.9, 127.3, 126.8, 125.8, 122.9, 122.8, 110.0, 66.2,
51.2, 35.3, 24.4. HRMS (ESI) m/z: [M+Na]" Calcd for C19H17CIN2NaO 347.0922; Found 347.0918.
(E)-9-Methyl-9-(2-(naphthalen-1-yl)vinyl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3aa)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (46.7 mg, 69%), mp 46.3-47.2 °C. *H NMR (CDCls,
600 MHz): & 8.01 (d, J = 8.4 Hz, 1H), 7.83-7.82 (m, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H),
7.51-7.46 (m, 2H), 7.42-7.39 (m, 1H), 7.31-7.29 (m, 2H), 7.22 (d, J = 7.2 Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H),
6.82 (d, J = 7.8 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 3.89 (td, J1 = 8.4 Hz, J> = 4.8 Hz, 1H), 3.56-3.51 (m, 1H),
3.06-3.00 (m, 1H), 2.88-2.83 (m, 1H), 2.13 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): 5 164.8, 147.3, 135.0,
134.2, 133.7, 133.6, 131.3, 129.0, 128.6, 128.3, 126.8, 126.2, 125.9, 125.7, 124.4, 123.9, 123.0, 122.7, 110.1,
66.5, 51.3, 35.5, 24.8. HRMS (ESI) m/z: [M+Na]" Calcd for C23H20N2NaO 363.1468; Found 363.1457.
(E)-9-Methyl-9-(prop-1-en-1-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3bb)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (29.0 mg, 64%). *H NMR (CDCls, 400 MHz): §
7.26-7.22 (m, 1H), 7.07-7.00 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 5.73 (dd, J; = 15.6 Hz, J» = 1.6 Hz, 1H),

5.67-5.60 (m, 1H), 3.83 (td, J1 = 8.8 Hz, J2 = 4.8 Hz, 1H), 3.47-3.40 (m, 1H), 3.01-2.92 (m, 1H), 2.80-2.73 (m,
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1H), 1.92 (s, 3H), 1.69 (dd, Ji = 6.4 Hz, J2 = 1.2 Hz, 3H). 3C{*H} NMR (CDCl3, 150 MHz): § 164.3, 146.9,
135.6, 132.1, 128.7, 125.5, 122.8, 122.6, 109.9, 66.1. 51.2. 35.5, 24.5, 17.6. HRMS (ESI) m/z: [M+Na]* Calcd
for C14H16N2NaO 251.1155; Found 251.1147.
(E)-9-(Hept-1-en-1-yl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3cc)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (39.9 mg, 70%). *H NMR (CDCls, 400 MHz): §
7.26-7.22 (m, 1H), 7.06-7.00 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 5.71 (d, J = 15.2 Hz, 1H), 5.65-5.58 (m, 1H),
3.81 (td, J; = 8.8 Hz, J2 = 5.2 Hz, 1H), 3.48-3.42 (m, 1H), 3.00-2.91 (m, 1H), 2.81-2.74 (m, 1H), 2.05-2.00 (m,
2H), 1.91 (s, 3H), 1.39-1.30 (m, 2H), 1.29-1.21 (m, 4H), 0.86 (t, J = 6.8 Hz, 3H). 3C{"H} NMR (CDCls, 150
MHz): 6 164.3, 147.0, 135.7, 130.9, 130.7, 128.6, 122.8, 122.6, 109.9, 66.1, 51.2, 35.5, 32.0, 31.5, 28.8, 24.6,
22.6, 14.1. HRMS (ESI) m/z: [M+Na]* Calcd for C1sH24N2NaO 307.1781; Found 307.1788.
(E)-9-Methyl-9-(3-phenylprop-1-en-1-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3dd)

Eluent: petroleum ether/ethyl acetate (2:1). Yellow oil (36.4 mg, 60%). *H NMR (CDCls, 600 MHz): § 7.28 (t,
J=7.8Hz, 2H), 7.24 (td, J1 = 7.8 Hz, J» = 1.2 Hz, 1H), 7.19 (t, J = 7.2 Hz, 1H), 7.16 (d, J = 6.6 Hz, 2H),
7.06-7.04 (m, 1H), 7.01 (td, J; = 7.2 Hz, J2 = 0.6 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 5.84-5.77 (m, 2H), 3.79 (td,
J1 = 8.4 Hz, J» = 5.4 Hz, 1H), 3.50-3.46 (m, 1H), 3.43-3.36 (m, 2H), 2.97-2.91 (m, 1H), 2.82-2.77 (m, 1H),
1.93 (s, 3H). 3C{*H} NMR (CDCls, 150 MHz): & 164.4, 147.1, 139.9, 135.4, 132.5, 129.2, 128.7, 128.5,
126.2, 122.9, 122.6, 109.9, 66.0, 51.2, 38.4, 35.4, 24.6. HRMS (ESI) m/z: [M+Na]" Calcd for C20H20N2NaO
327.1468; Found 327.1473.

(E)-2,9-dimethyl-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (3ee)

Product 3ee was obtained as a mixture of two diastereoisomers. 3ee-1: Eluent: petroleum ether/ethyl acetate
(3:1). Yellow oil (13.6 mg, 22%), *H NMR (CDCls, 600 MHz): & 7.40-7.33 (m, 2H), 7.28-7.25 (m, 3H),
7.21-7.16 (m, 2H), 7.05 (td, J1 = 7.2 Hz, J2 = 0.6 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H),

6.38 (d, J = 15.6 Hz, 1H), 4.15 (t, J = 7.8 Hz, 1H), 3.21-3.17 (m, 1H), 2.95 (dd, J1 = 12.6 Hz, J; = 8.4 Hz, 1H),
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2.11 (s, 3H), 1.30 (d, J = 7.2 Hz, 3H). 3C{*H} NMR (CDCls, 150 MHz): § 167.2, 147.0, 136.2, 134.9, 130.2,
128.9, 128.8, 128.5, 127.8, 126.8, 122.8, 122.5, 110.1, 66.3, 58.7, 40.8, 24.6, 13.5. HRMS (ESI) m/z: [M+Na]"
Calcd for C20H20N2NaO 327.1468; Found 327.1475.
3ee-2: Eluent: petroleum ether/ethyl acetate (3:1). Yellow oil (22.6 mg, 37%), 'H NMR (CDCls, 400 MHz): §
7.38 (d, J = 7.2 Hz, 2H), 7.30-7.20 (m, 4H), 7.11 (d, J = 7.2 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0
Hz, 1H), 6.56 (d, J = 16.0 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 3.83 (t, J = 8.0 Hz, 1H), 3.31 (t, J = 7.6 Hz, 1H),
3.08-2.98 (m, 1H), 1.96 (s, 3H), 1.37 (d, J = 7.2 Hz, 3H). 3C{*H} NMR (CDCls, 150 MHz): § 167.7, 147.2,
136.3, 135.0, 130.5, 129.5, 128.8, 128.5, 127.8, 126.9, 122.8, 122.7, 109.9, 65.9, 58.1, 41.3, 24.4, 14.6. HRMS
(ESI) m/z: [M+Na]* Calcd for C20H20N2NaO 327.1468; Found 327.1477.
2. Typical procedure for the synthesis of 4a and spectroscopic data of 4a-4t

To a reaction tube equipped with a stir bar were charged with 1-phenylpyrazolidin-3-one (1a, 32.4 mg, 0.2
mmol), DCE (2 mL), [RhCp*Cl2]2 (3.1 mg, 0.005 mmol), NaOAc (8.2 mg, 0.1 mmol) and 1-phenylbuta-2,3-
dien-1-yl acetate (2a, 112.8 mg, 0.6 mmol). The tube was then sealed, and the mixture was stirred at 50 °C
under argon for 6 h. Upon completion, it was quenched with saturated brine and extracted with
dichloromethane (10 mL x 3). The combined organic phases were dried over anhydrous Na>SOs, filtered
through a pad of celite, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography using petroleum ether/ethyl acetate (3:1) as eluent to afford 4a. 4b-4t were obtained
in a similar manner.
9-Methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-
one (4a)
Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (61.2 mg, 73%), mp 77.7-78.7 °C. *H NMR (CDCls,
600 MHz): & 7.40-7.39 (m, 2H), 7.35 (d, J = 7.2 Hz, 2H), 7.32-7.28 (m, 4H), 7.25-7.22 (m, 2H), 7.15 (dd, J; =

7.2 Hz, Jo= 1.8 Hz, 1H), 7.13 (dd, J1 = 7.2 Hz, J = 1.2 Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H), 7.02 (d, J = 16.2 Hz,
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1H), 6.56 (d, J = 15.6 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.29 (d, J = 16.2 Hz, 1H), 5.58 (s, 1H), 5.34 (d, J =
1.8 Hz, 1H), 3.78 (td, J1 = 9.0 Hz, J» = 4.8 Hz, 1H), 3.38-3.34 (m, 1H), 2.90-2.84 (m, 1H), 2.69-2.64 (m, 1H),
2.11 (s, 3H). ¥C{*H} NMR (CDCls, 150 MHz): & 164.6, 144.8, 144.3, 136.9, 136.4, 135.6, 132.9, 130.5,
130.4, 129.2, 128.8, 128.6, 128.1, 127.9, 127.0, 126.8, 123.6, 122.9, 121.9, 119.8, 65.6, 50.9, 35.4, 24.5.
HRMS (ESI) m/z: [M+Na]" Calcd for C2gH26N2NaO 441.1937; Found 441.1919.
7,9-Dimethyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indaz
ol-1-one (4b)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (47.4 mg, 55%), mp 131.7-132.5 °C. *H NMR
(CDCls, 400 MHz): § 7.41 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.2 Hz, 2H), 7.33-7.27 (m, 4H), 7.25-7.21 (m, 2H),
7.00 (d, J = 16.0 Hz, 1H), 6.95 (s, 1H), 6.93 (s, 1H), 6.58 (d, J = 16.0 Hz, 1H), 6.44 (d. J = 16.0 Hz, 1H), 6.31
(d, J = 16.0 Hz, 1H), 5.56 (s, 1H), 5.32 (s, 1H), 3.77-3.71 (m, 1H), 3.35-3.28 (m, 1H), 2.90-2.81 (m, 1H),
2.68-2.61 (m, 1H), 2.36 (s, 3H), 2.09 (s, 3H). 3C{*H} NMR (CDCls, 100 MHz): & 164.7, 144.9, 142.2, 136.9,
136.5, 135.9, 132.9, 132.7, 130.8, 130.7, 129.05, 129.00, 128.8, 128.6, 128.0, 127.9, 127.0, 126.9, 123.5,
122.4, 119.7, 65.6, 51.3, 35.5, 24.5, 21.1. HRMS (ESI) m/z: [M+Na]* Calcd for CsoHzsN2NaO 455.2094;
Found 455.2097.
7-Ethyl-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]in
dazol-1-one (4c)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (45.6 mg, 51%), mp 131.0-131.6 °C. *H NMR
(CDCls, 600 MHz): & 7.41 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.8 Hz, 2H), 7.32-7.28 (m, 4H), 7.25-7.22 (m, 2H),
7.01 (d, J = 16.2 Hz, 1H), 6.97 (s, 1H), 6.96 (s, 1H), 6.58 (d, J = 15.6 Hz, 1H), 6.45 (d, J = 16.2 Hz, 1H), 6.32
(d, J = 15.6 Hz, 1H), 5.57 (s, 1H), 5.34 (d, J = 1.2 Hz. 1H), 3.75 (td, J1 = 9.0 Hz, J> = 4.8 Hz, 1H), 3.35-3.30
(m, 1H), 2.89-2.83 (m, 1H), 2.69-2.63 (m, 3H), 2.11 (s, 3H), 1.27 (t, J = 7.8 Hz, 3H). 3C{*H} NMR (CDCls,

150 MHz): 6 164.6, 144.9, 142.3, 139.1, 136.9, 136.4, 135.7, 132.8, 130.6, 129.6, 129.0, 128.9, 128.7, 128.5,
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127.9, 127.8, 126.9, 126.8, 123.4, 121.1, 119.6, 65.6, 51.2, 35.4, 28.4, 24.4, 15.8. HRMS (ESI) m/z: [M+Na]"
Calcd for C31H30N2NaO 469.2250; Found 469.2247.
7-(tert-Butyl)-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,
2-alindazol-1-one (4d)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (57.6 mg, 61%), mp 76.5-77.5 °C. *H NMR (CDCls,
400 MHz): & 7.41-7.39 (m, 2H), 7.35 (d, J = 7.2 Hz, 2H), 7.32-7.26 (m, 4H), 7.24-7.20 (m, 2H), 7.13 (s, 2H),
7.00 (d, J = 16.0 Hz, 1H), 6.57 (d, J = 16.0 Hz, 1H), 6.44 (d, J = 15.6 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 5.56
(s, 1H), 5.34 (d, J = 1.6 Hz, 1H), 3.76 (td, J1 = 8.8 Hz, J» = 4.0 Hz, 1H), 3.34-3.27 (m, 1H), 2.90-2.82 (m, 1H),
2.67-2.60 (m, 1H), 2.11 (s, 3H), 1.33 (s, 9H). *C{*H} NMR (CDCls, 100 MHz): § 163.6, 145.2, 144.1, 140.9,
135.9, 1354, 134.3, 131.7, 129.6, 128.0, 127.8, 127.6, 127.5, 126.9, 126.7, 126.2, 125.9, 125.7, 121.8, 118.6,
117.5, 64.7, 49.9, 34.3, 33.6, 30.6, 23.4. HRMS (ESI) m/z: [M+Na]" Calcd for C33sHz:N2NaO 497.2563; Found
497.2554.
7-Fluoro-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-y1)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]i
ndazol-1-one (4e)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (55.7 mg, 64%), mp 118.7-119.6 °C. *H NMR
(CDCls, 400 MHz): & 7.41-7.38 (m, 2H), 7.37-7.34 (m, 2H), 7.33-7.28 (m, 4H), 7.26-7.22 (m, 2H), 6.98 (d, J
= 16.0 Hz, 1H), 6.88-6.84 (m, 2H), 6.56 (d, J = 15.6 Hz, 1H), 6.42 (d, J = 16.0 Hz, 1H), 6.30 (d, J = 16.0 Hz,
1H), 5.58 (s, 1H), 5.34 (d, J = 0.8 Hz, 1H), 3.76-3.70 (m, 1H), 3.34-3.27 (m, 1H), 2.89-2.80 (m, 1H),
2.68-2.61 (m, 1H), 2.08 (s, 3H). *C{*H} NMR (CDCls, 100 MHz): 5 164.6, 159.0 (d, YJc.r = 249.4 Hz), 143.7,
140.6, 137.1 (d, 3Jcr = 7.9 Hz), 136.6, 136.1, 133.0, 129.9, 129.5, 128.7, 128.6, 128.3, 128.2, 128.0, 126.9,
126.8, 124.7 (d, *Jc.r = 7.3 Hz), 120.1, 116.8 (d, 2Jcr = 24.2 Hz), 109.2 (d, 2Jc-r = 24.5 Hz), 65.6 (d, *Jc-F =
2.2 Hz), 51.2, 35.2, 24.3. 1% NMR (376 MHz, CDCls): & -120.50 (t, J = 9.4 Hz). HRMS (ESI) m/z: [M+Na]*

Calcd for C29H25FN2NaO 459.1843; Found 459.1841.
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7-Chloro-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]i
ndazol-1-one (4f)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (40.7 mg, 45%), mp 155.9-156.4 °C. *H NMR
(CDCls, 400 MHz): & 7.41-7.39 (m, 2H), 7.36-7.34 (m, 2H), 7.33-7.25 (m, 5H), 7.24-7.22 (m, 1H), 7.10 (s,
2H), 6.97 (d, J = 16.4 Hz, 1H), 6.57 (d, J = 16.0 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 6.27 (d, J = 16.0 Hz, 1H),
5.58 (s, 1H), 5.33 (s, 1H), 3.73 (td, J: = 8.8 Hz, J> = 4.8 Hz, 1H), 3.37-3.30 (m, 1H), 2.89-2.80 (m, 1H),
2.69-2.62 (M, 1H), 2.08 (s, 3H). *C{'*H} NMR (CDCls, 150 MHz): & 164.4, 143.6, 143.0, 137.3, 136.5, 136.1,
133.1, 130.0, 129.8, 129.5, 128.7, 128.6, 128.2, 128.1, 127.8, 126.9, 126.8, 124.7, 122.0, 120.2, 65.5, 50.7,
35.2, 24.3. HRMS (ESI) m/z: [M+Na]* Calcd for CasH25CIN2NaO 475.1548; Found 475.1557.
7-Bromo-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]i
ndazol-1-one (49)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (61.7 mg, 62%), mp 99.2-99.9 °C. *H NMR (CDCls,
400 MHz): § 7.40 (d, J = 7.6 Hz, 2H), 7.35 (d, J = 7.2 Hz, 2H), 7.33-7.26 (m, 5H), 7.25-7.22 (m, 3H), 6.97 (d,
J =16.0 Hz, 1H), 6.57 (d, J = 16.0 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 6.27 (d, J = 16.0 Hz, 1H), 5.58 (s, 1H),
5.32 (s, 1H), 3.73 (td, J1 = 8.8 Hz, J» = 4.4 Hz, 1H), 3.37-3.31 (m, 1H), 2.89-2.80 (M, 1H), 2.69-2.62 (M, 1H),
2.07 (s, 3H). BC{*H} NMR (CDCls, 150 MHz): & 164.4, 143.6, 143.4, 137.6, 136.5, 136.1, 133.2, 132.7,
129.8, 129.5, 128.7, 128.6, 128.2, 128.1, 127.0, 126.8, 125.1, 124.8, 120.2, 114.9, 65.4, 50.6, 35.2, 24.3.
HRMS (ESI) m/z: [M+Na]* Calcd for C2gH2sBrN2NaO 519.1042; Found 519.1050.
9-Methyl-1-ox0-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]ind
azole-7-carbonitrile (4h)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (46.7 mg, 53%), mp 138.1-139.0 °C. *H NMR
(CDCls, 400 MHz): & 7.41-7.38 (m, 4H), 7.35-7.32 (m, 4H), 7.30-7.23 (m, 4H), 6.99 (d, J = 16.0 Hz, 1H),

6.55 (d, J = 15.6 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 6.19 (d, J = 16.0 Hz, 1H), 5.63 (s, 1H), 5.34 (s, 1H), 3.82
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(td, J1 = 9.2 Hz, J» = 4.8 Hz, 1H), 3.53-3.46 (m, 1H), 2.94-2.85 (m, 1H), 2.76-2.68 (m, 1H), 2.10 (s, 3H).
BC{'H} NMR (CDCls, 150 MHz): & 164.0, 147.0, 142.9, 136.5, 136.2, 135.7, 134.8, 133.4, 130.0, 129.2,
128.8, 128.7, 128.4, 128.3, 127.0, 126.8, 125.4, 123.4, 120.8, 118.9, 105.4, 65.4, 49.1, 35.0, 24.4. HRMS (ESI)
m/z: [M+Na]" Calcd for CzoH25N3NaO 466.1890; Found 466.1872.
9-Methyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-7-(trifluoromethyl)-2,3-dihydro-1H,9H-pyraz
olo[1,2-a]indazol-1-one (4i)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (46.4 mg, 48%), mp 109.3-110.3 °C. *H NMR
(CDCls, 600 MHz): & 7.40-7.38 (m, 3H), 7.36-7.34 (m, 3H), 7.33-7.28 (m, 4H), 7.26-7.23 (m, 2H), 7.00 (d, J
= 16.2 Hz, 1H), 6.57 (d, J = 16.2 Hz, 1H), 6.42 (d, J = 16.2 Hz, 1H), 6.23 (d, J = 15.6 Hz, 1H), 5.62 (s, 1H),
5.36 (s, 1H), 3.81 (td, J1 = 9.0 Hz, J» = 4.8 Hz, 1H), 3.46-3.41 (m, 1H), 2.91-2.86 (m, 1H), 2.72-2.67 (m, 1H),
2.12 (s, 3H). BC{*H} NMR (CDCls, 150 MHz): § 164.3, 146.6, 143.7, 136.4, 136.2, 136.0, 133.2, 129.7,
129.5, 128.8, 128.6, 128.3, 128.1, 127.8 (q, 3Jcr = 3.3 Hz), 127.0, 126.8, 125.0 (q, 2Jcr = 32.6 Hz), 124.2 (q,
Ucr = 270.3 Hz), 123.2, 120.5, 118.9 (q, 3Jcr = 4.4 Hz), 65.5, 49.8, 35.1, 24.3. 1%F NMR (565 MHz, CDCls):
8 -61.20 (s). HRMS (ESI) m/z: [M+Na]" Calcd for C3oH2s5F3sN2NaO 509.1811; Found 509.1803.
6-Fluoro-9-methyl-5-((E)-4-phenylbuta-1,3-dien-2-y1)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]i
ndazol-1-one (4j)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (35.7 mg, 41%), mp 91.5-92.4 °C. *H NMR (CDCls,
600 MHz, 55 °C): & 7.39-7.35 (m, 4H), 7.31-7.22 (m, 6H), 7.07 (dd, J1 = 8.4 Hz, J = 4.8 Hz, 1H), 7.03 (d, J =
16.2 Hz, 1H), 6.81 (t, J = 9.0 Hz, 1H), 6.54 (d, J = 15.6 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.26 (d, J = 16.2
Hz, 1H), 5.73 (s, 1H), 5.39 (s, 1H), 3.76 (br s, 1H), 3.42-3.41 (m, 1H), 2.87-2.81 (m, 1H), 2.69-2.64 (m, 1H),
2.08 (s, 3H). BC{'H} NMR (CDCls, 100 MHz): & 164.2, 160.3 (d, Jc.r = 244.5 Hz), 136.5, 136.2, 132.4,

130.8, 130.2, 129.3, 128.7, 128.6, 128.1, 128.0, 126.9, 126.8, 122.7 (d, *Jc.r = 10.2 Hz), 121.7, 111.6 (d, 2Jcr
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= 23.1 Hz), 109.7 (d, 2Jc.r = 24.6 Hz), 65.3, 50.7, 35.3, 24.6. °F NMR (565 MHz, CDCls): 5 -116.10 (s).
HRMS (ESI) m/z: [M+H]" Calcd for C29H2sFN2NaO 459.1843; Found 459.1823.
2,2,9-Trimethyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]ind
azol-1-one (4k)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (40.1 mg, 45%), mp 114.0-114.9 °C. *H NMR
(CDCls, 400 MHz): & 7.39-7.34 (m, 3H), 7.33-7.31 (m, 2H), 7.30-7.27 (m, 3H), 7.25-7.21 (m, 3H), 7.16-7.11
(m, 2H), 7.05 (t, J = 7.2 Hz, 1H), 6.97 (d, J = 16.0 Hz, 1H), 6.53 (d, J = 15.6 Hz, 1H), 6.41 (d, J = 15.6 Hz,
1H), 6.34 (d, J = 16.4 Hz, 1H), 5.56 (s, 1H), 5.34 (d, J = 1.6 Hz, 1H), 3.54 (d, J = 8.4 Hz, 1H), 3.07 (d, J = 8.8
Hz, 1H), 2.10 (s, 3H), 1.25 (s, 3H), 1.17 (s, 3H). BC{*H} NMR (CDCls, 150 MHz): § 169.8, 144.8, 143.9,
136.9, 136.4, 135.5, 132.9, 130.5, 130.2, 128.7, 128.6, 128.5, 128.4, 127.9, 127.8, 126.9, 126.7, 123.3, 122.5,
121.6, 119.7, 65.3, 63.3, 45.5, 24.4, 22.8, 22.3. HRMS (ESI) m/z: [M+Na]" Calcd for C3:H3N2NaO 469.2250;
Found 469.2236.
2,9-Dimethyl-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indaz
ol-1-one (4l, dr = 1.1:1)

41-1: Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (19.0 mg, 22%), mp 57.2-58.2 °C. 'H NMR
(CDCls, 400 MHz): § 7.37-6.98 (m, 14H), 6.50 (d, J = 16.0 Hz, 1H), 6.39 (d, J = 16.0 Hz, 1H), 6.29 (d, J =
16.0 Hz, 1H), 5.57 (s, 1H), 5.33 (s, 1H), 4.07 (t, J = 8.4 Hz, 1H), 3.06-3.03 (m, 1H), 2.78 (dd, J; = 12.0 Hz, J
= 8.8 Hz, 1H), 2.16 (s, 3H), 1.19 (d, J = 7.2 Hz, 3H). 3C{*H} NMR (CDCls, 100 MHz): 5 167.2, 144.7, 144.1,
136.8, 136.3, 135.5, 132.8, 130.4, 130.2, 128.7, 128.5, 127.9, 127.8, 126.84, 126.76, 123.6, 122.7, 121.6,
119.7, 65.6, 58.2, 40.6, 24.6, 13.4. HRMS (ESI) m/z: [M+Na]* Calcd for CsoH2sN2NaO 455.2094; Found
455.2100.

41-2: Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (17.4 mg, 20%), mp 57.7-58.7 °C. *H NMR

(CDCls, 400 MHz): & 7.42-7.21 (m, 10H), 7.12-6.68 (m, 4H), 6.62 (d, J = 16.0 Hz, 1H), 6.53 (dd, J1 = 16.0 Hz,
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J2=2.0 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 5.58 (s, 1H), 5.34 (s, 1H), 3.75 (t, J = 8.0 Hz, 1H), 3.14 (t, J = 7.6
Hz, 1H), 2.92-2.86 (m, 1H), 1.99 (s, 3H), 1.24-1.23 (m, 3H). ¥C{*H} NMR (CDCls, 100 MHz): § 167.3,
144.8, 144.2, 136.9, 136.4, 135.6, 132.8, 130.7, 130.2, 129.4, 128.9, 128.7, 128.5, 127.9, 127.8, 126.9, 126.7,
123.4, 122.6, 122.0, 119.8, 65.1, 57.7, 41.1, 24.4, 14.3. HRMS (ESI) m/z: [M+Na]" Calcd for C3oH2sN2NaO
455.2094; Found 455.2090.
9-Methyl-9-((E)-4-methylstyryl)-5-((E)-4-(p-tolyl)buta-1,3-dien-2-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]
indazol-1-one (4m)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (63.9 mg, 72%), mp 48.4-49.4 °C. *H NMR (CDCls,
600 MHz):  7.28 (d, J = 8.4 Hz, 2H), 7.25-7.24 (m, 2H), 7.13-7.05 (m, 7H), 6.96 (d, J = 15.6 Hz, 1H), 6.51 (d,
J=16.2 Hz, 1H), 6.39 (d, J = 16.2 Hz, 1H), 6.26 (d, J = 16.2 Hz, 1H), 5.53 (5, 1H), 5.29 (d, J = 1.8 Hz, 1H),
3.76 (td, J1 = 9.0 Hz, J2 = 4.2 Hz, 1H), 3.36-3.31 (m, 1H), 2.88-2.82 (m, 1H), 2.66-2.62 (m, 1H), 2.32 (s, 6H),
2.08 (s, 3H). BC{*H} NMR (CDCls, 150 MHz): & 164.4, 144.8, 144.2, 138.0, 137.7, 135.6, 134.0, 133.6,
132.7,130.2, 129.5, 129.4, 129.2, 129.0, 128.1, 126.8, 126.7, 123.6, 122.7, 121.8, 119.2, 65.5, 50.8, 35.3, 24.5,
21.3,21.2. HRMS (ESI) m/z: [M+Na]* Calcd for Cs1H3oN2NaO 469.2250; Found 469.2243.
5-((E)-4-(4-Fluorophenyl)buta-1,3-dien-2-yl)-9-((E)-4-fluorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazo
lo[1,2-a]indazol-1-one (4n)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (54.1 mg, 60%), mp 140.2-150.2 °C. *H NMR
(CDCls, 600 MHz): § 7.36-7.33 (m, 2H), 7.30 (dd, J1 = 9.0 Hz, J> = 5.4 Hz, 2H), 7.14 (dd, J1 = 7.2 Hz, J; =
1.8 Hz, 1H), 7.11 (dd, J1 = 7.8 Hz, J2 = 1.8 Hz, 1H), 7.08 (t, J = 7.2 Hz, 1H), 7.00-6.95 (m, 4H), 6.92 (d, J =
16.2 Hz, 1H), 6.51 (d, J = 16.2 Hz, 1H), 6.37 (d, J = 15.6 Hz, 1H), 6.23 (d, J = 15.6 Hz, 1H), 5.56 (s, 1H),
5.33 (d, J = 1.2 Hz, 1H), 3.76 (td, J1 = 8.4 Hz, J; = 4.2 Hz, 1H), 3.38-3.33 (m, 1H), 2.89-2.83 (m, 1H),
2.69-2.64 (m, 1H), 2.09 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 164.5, 162.52 (d, Yc.r = 245.3 Hz),

162.49 (d, Ycr = 245.6 Hz), 144.5, 144.2, 135.4, 133.0 (d, “Jcr = 3.2 Hz), 132.5 (d, *Jcr = 3.5 Hz), 131.5,

S21



130.3, 130.2, 128.8, 128.4 (d, %Jc.r = 8.1 Hz), 128.3 (d, 3Jcr = 7.2 Hz), 127.9, 123.4, 122.9, 121.8, 119.8,
115.6 (d, 2c.r = 21.5 Hz), 115.5 (d, 2Jcr = 21.2 Hz), 65.4, 50.8, 35.3, 24.4. *°F NMR (565 MHz, CDCls): &:
-113.48 — -113.53 (m), -114.00 — -114.05 (m). HRMS (ESI) m/z: [M+Na]* Calcd for CasH2sF2N2NaO
477.1749; Found 477.1740.
5-((E)-4-(4-Bromophenyl)buta-1,3-dien-2-yl)-9-((E)-4-bromostyryl)-9-methyl-2,3-dihydro-1H,9H-pyraz
olo[1,2-a]indazol-1-one (40)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (66.3 mg, 58%), mp 114.6-115.6 °C. *H NMR
(CDCls, 400 MHz): & 7.43-7.39 (m, 4H), 7.26-7.23 (m, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.15-7.13 (m, 1H),
7.11-7.06 (m, 2H), 6.98 (d, J = 16.0 Hz, 1H), 6.49 (d, J = 15.6 Hz, 1H), 6.42 (d, J = 16.0 Hz, 1H), 6.20 (d, J =
16.0 Hz, 1H), 5.59 (s, 1H), 5.36 (d, J = 0.8 Hz, 1H), 3.76 (td, J1 = 8.8 Hz, J2 = 4.4 Hz, 1H), 3.37-3.30 (m, 1H),
2.91-2.82 (m, 1H), 2.70-2.62 (m, 1H), 2.08 (s, 3H). 3C{*H} NMR (CDCls, 150 MHz): 5 164.5, 144.4, 144.2,
135.7, 135.30, 135.27, 131.8, 131.7, 131.5, 131.2, 130.3, 129.6, 128.4, 128.2, 127.9, 123.3, 122.9, 121.9,
121.8, 121.7, 120.5, 65.4, 50.8, 35.3, 24.4. HRMS (ESI) m/z: [M+Na]* Calcd for C29H24Br.N2NaO 597.0148;
Found 597.0164.
4-((E)-2-(5-((E)-4-(4-Cyanophenyl)buta-1,3-dien-2-yl)-9-methyl-1-oxo-2,3-dihydro-1H,9H-pyrazolo[1,2-
aJindazol-9-yl)vinyl)benzonitrile (4p)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (40.8 mg, 43%), mp 170.5-171.5 °C. *H NMR
(CDCls, 600 MHz): & 7.59-7.55 (m, 4H), 7.46 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.16-7.14 (m, 1H),
7.12-7.09 (m, 3H), 6.60-6.54 (m, 2H), 6.26 (d, J = 16.2 Hz, 1H), 5.68 (s, 1H), 5.45 (s, 1H), 3.75 (td, J1 = 8.4
Hz, J2 = 4.2 Hz, 1H), 3.37-3.33 (m, 1H), 2.89-2.83 (m, 1H), 2.70-2.66 (m, 1H), 2.08 (s, 3H). 3C{"H} NMR
(CDCls, 150 MHz): 6 164.7, 144.2, 144.0, 141.2, 140.8, 135.0, 134.3, 132.54, 132.45, 132.4, 130.8, 130.5,
1275, 127.4, 127.1, 123.2, 122.9, 122.4, 122.0, 118.8, 111.2, 111.1, 65.4, 51.0, 35.2, 24.4. HRMS (ESI) m/z:

[M+Na]* Calcd for C31H24N4NaO 491.1842; Found 491.1839.

S22



9-Methyl-9-((E)-3-methylstyryl)-5-((E)-4-(m-tolyl)buta-1,3-dien-2-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a
]indazol-1-one (4Qq)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (57.7 mg, 65%), mp 93.9-94.9 °C. *H NMR (CDCls,
600 MHz): & 7.25 (s, 1H), 7.21-7.19 (m, 4H), 7.16-7.15 (m, 2H), 7.13 (dd, J1 = 7.8 Hz, J> = 1.8 Hz, 1H), 7.09
(t, J = 7.2 Hz, 1H), 7.07-7.06 (m, 2H), 7.02 (d, J = 16.2 Hz, 1H), 6.53 (d, J = 16.2 Hz, 1H), 6.47 (d, J = 15.6
Hz, 1H), 6.28 (d, J = 16.2 Hz, 1H), 5.58 (s, 1H), 5.34 (d, J = 1.2 Hz, 1H), 3.79 (td, J; = 9.0 Hz, J» = 4.8 Hz,
1H), 3.38-3.34 (m, 1H), 2.91-2.85 (m, 1H), 2.69-2.64 (m, 1H), 2.34 (s, 3H), 2.30 (s, 3H), 2.12 (s, 3H). 3C{*H}
NMR (CDCIs, 150 MHz): 6 164.4, 144.8, 144.3, 138.3, 138.1, 136.7, 136.3, 135.5, 133.0, 130.27, 130.26,
129.2, 128.8, 128.73, 128.65, 128.6, 128.4, 127.7, 127.5, 124.1, 123.8, 123.5, 122.8, 121.8, 119.6, 65.5, 50.8,
35.3,24.4, 21.4, 21.3. HRMS (ESI) m/z: [M+Na]" Calcd for C31H30N2NaO 469.2250; Found 469.2251.
5-((E)-4-(3-Chlorophenyl)buta-1,3-dien-2-yl)-9-((E)-3-chlorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazo
lo[1,2-a]indazol-1-one (4r)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (49.5 mg, 51%), mp 138.9-139.9 °C. H NMR
(CDCls, 400 MHz): & 7.38 (s, 1H), 7.35 (s, 1H), 7.25-7.18 (m, 6H), 7.15-7.06 (m, 3H), 7.00 (d, J = 16.0 Hz,
1H), 6.51 (d, J = 16.0 Hz, 1H), 6.44 (d, J = 15.6 Hz, 1H), 6.20 (d, J = 16.0 Hz, 1H), 5.61 (s, 1H), 5.37 (d, J =
1.2 Hz, 1H), 3.76 (td, J1 = 8.4 Hz, J; = 4.4 Hz, 1H), 3.37-3.31 (m, 1H), 2.92-2.83 (m, 1H), 2.70-2.63 (m, 1H),
2.09 (s, 3H). BC{*H} NMR (CDCls, 100 MHz): & 164.6, 144.4, 144.2, 138.7, 138.2, 135.3, 134.7, 134.5,
131.9, 131.4, 130.3, 130.2, 129.9, 129.8, 127.9, 127.81, 127.75, 126.7, 126.5, 125.1, 125.0, 123.2, 123.0,
121.9, 120.8, 65.4, 50.8, 35.2, 24.3. HRMS (ESI) m/z: [M+Na]* Calcd for C29H24CI2N2NaO 509.1158; Found
509.1164.
9-Methyl-9-((E)-2-methylstyryl)-5-((E)-4-(o-tolyl)buta-1,3-dien-2-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]

indazol-1-one (4s)
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Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (53.8 mg, 60%), mp 131.7-132.7 °C. *H NMR
(CDCls, 400 MHz): & 7.53 (d, J = 7.2 Hz, 1H), 7.43-7.41 (m, 1H), 7.20-7.06 (m, 9H), 6.86 (d, J = 16.0 Hz,
1H), 6.76 (d, J = 15.6 Hz, 1H), 6.56 (d, J = 16.0 Hz, 1H), 6.35 (dd, J1 = 16.0 Hz, J» = 1.2 Hz, 1H), 5.56 (s, 1H),
5.34 (s, 1H), 3.75 (td, J1 = 8.4 Hz, J» = 4.4 Hz, 1H), 3.43-3.36 (m, 1H), 2.88-2.80 (m, 1H), 2.71-2.64 (m, 1H),
2.29 (s, 3H), 2.11-2.10 (m, 6H). *C{*H} NMR (CDCls, 100 MHz): & 164.4, 1453, 143.9, 136.2, 135.9, 135.7,
135.4, 135.3, 131.8, 130.8, 130.4, 130.3, 130.2, 129.2, 127.8, 127.7, 127.2, 126.12, 126.07, 126.0, 125.2,
123.6, 122.9, 121.9, 119.6, 65.6, 50.7, 35.4, 24.6, 19.7, 19.6. HRMS (ESI) m/z: [M+Na]" Calcd for
Ca1H30N2NaO 469.2250; Found 469.2253.
5-((E)-4-(2-Fluorophenyl)buta-1,3-dien-2-yl)-9-((E)-2-fluorostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazo
lo[1,2-a]indazol-1-one (4t)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (38.1 mg, 42%), mp 84.6-85.6 °C. *H NMR (CDCls,
600 MHz): & 7.47 (td, J1 = 7.8 Hz, J2 = 1.8 Hz, 1H), 7.43 (td, J1 = 7.8 Hz, J> = 1.2 Hz 1H), 7.22-7.18 (m, 2H),
7.14 (dd, J1 = 7.8 Hz, J» = 1.8 Hz, 1H), 7.12 (dd, J1 = 7.8 Hz, J; = 1.8 Hz, 1H), 7.09-7.06 (m, 4H), 7.03-6.99
(m, 2H), 6.73 (d, J = 16.2 Hz, 1H), 6.57 (d, J = 16.2 Hz, 1H), 6.43 (d, J = 16.2 Hz, 1H), 5.61 (s, 1H), 5.38 (d, J
= 1.2 Hz, 1H), 3.74 (td, J1 = 9.0 Hz, J2 = 4.8 Hz, 1H), 3.42-3.37 (m, 1H), 2.88-2.83 (m, 1H), 2.71-2.66 (m,
1H), 2.09 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): § 164.5, 160.5 (d, *Jc.r = 248.6 Hz), 160.4 (d, Jcr =
248.1 Hz), 144.8, 144.3, 135.3, 132.8 (d, “Jc.r = 3.9 Hz), 131.5, 130.3, 129.1 (d, 3Jc.r = 9.5 Hz), 127.9 (d, 3Jc-r
= 8.1 Hz), 127.8 (d, *Jcr = 8.7 Hz), 125.5, 124.8 (d, 2Jcr = 11.6 Hz), 124.23, 124.16 (d, “Jcr = 3.6 Hz), 124.0
(d, “Jcr = 3.2 Hz), 123.2, 122.9, 122.0, 121.7 (d, “Jcr = 3.3 Hz), 120.6, 115.9 (d, 2Jc.r = 21.9 Hz), 115.7 (d,
2Jcr = 22.8 Hz), 65.6, 50.9, 35.3, 24.3. F NMR (565 MHz, CDCls): §: -116.73 (S), -117.45 — -117.49 (m).
HRMS (ESI) m/z: [M+Na]* Calcd for CagH24F2N2NaO 477.1749; Found 477.1736.

3. Typical procedure for the synthesis of 5a and spectroscopic data of 5a-5d
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To a reaction tube equipped with a stir bar were charged with 1-phenylpyrazolidin-3-one (1a, 64.8 mg, 0.4
mmol), DCE (2 mL), [RhCp*Cl2]> (3.1 mg, 0.005 mmol), NaOAc (8.2 mg, 0.1 mmol) and 1-phenylbuta-2,3-
dien-1-yl acetate (2a, 37.6 mg, 0.2 mmol). The tube was then sealed, and the mixture was stirred at room
temperature under argon for 2 h. Upon completion, it was quenched with water and extracted with
dichloromethane (10 mL = 3). The combined organic phases were dried over anhydrous Na.SOg, filtered and
concentrated under reduced pressure. To the residue were added manganese dioxide (34.8 mg, 0.4 mmol) and
acetic acid (2 mL). The resulting mixture was stirred at 100 <T for 12 h. Upon completion, it was cooled to
room temperature, diluted with water, and extracted with dichloromethane (10 mL % 3). The organic layer was
dried over anhydrous Na>SQyg, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography using petroleum ethyl acetate/methanol (20:1) as eluent to afford 5a. 5b-5d
were obtained in a similar manner.

(E)-9-Methyl-9-styryl-1H,9H-pyrazolo[1,2-a]indazol-1-one (5a)

Eluent: ethyl acetate/methanol (20:1). Yellow solid (23.1 mg, 40%), mp 50.7-51.7 °C. *H NMR (CDCls, 400
MHz): & 7.60 (d, J = 3.2 Hz, 1H), 7.37-7.34 (m, 3H), 7.31-7.19 (m, 4H), 7.16 (t, J = 7.6 Hz, 1H), 7.11 (d, J =
8.0 Hz, 1H), 6.66-6.58 (m, 2H), 5.61 (d, J = 3.6 Hz, 1H), 2.12 (s, 3H). 3C{"H} NMR (CDCls, 100 MHz): &
161.8, 137.0, 135.9, 133.6, 130.5, 129.2, 128.5, 128.4, 128.1, 126.94, 126.92, 124.4, 123.9, 108.1, 100.5, 67.8,
24.2. HRMS (ESI) m/z: [M+Na]* Calcd for C19H16N2NaO 311.1155; Found 311.1147.
(E)-7,9-Dimethyl-9-styryl-1H,9H-pyrazolo[1,2-a]indazol-1-one (5b)

Eluent: ethyl acetate/methanol (20:1). Yellow solid (25.8 mg, 43%), mp 70.8-71.8 °C. *H NMR (CDCls, 600
MHz): § 7.55 (d, J = 3.6 Hz, 1H), 7.37 (d, J = 7.2 Hz, 2H), 7.28-7.26 (m, 2H), 7.21 (t, J = 7.2 Hz, 1H), 7.15 (d,
J =84 Hz, 1H), 7.09 (s, 1H), 6.99 (d, J = 7.8 Hz, 1H), 6.63 (d, J = 16.2 Hz, 1H), 6.59 (d, J = 15.6 Hz, 1H),

5.57 (d, J = 3.6 Hz, 1H), 2.38 (s, 3H), 2.10 (s, 3H). 2*C{'H} NMR (CDCls, 150 MHz): & 161.9, 137.3, 136.0,
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134.5,131.4, 130.4, 129.7, 128.6, 128.5, 128.1, 127.0, 126.7, 124.3, 107.8, 99.8, 67.7, 24.1, 21.2. HRMS (ESI)
m/z: [M+Na]" Calcd for C20H1gN2NaO 325.1311; Found 325.1301.
(E)-7-Bromo-9-methyl-9-styryl-1H,9H-pyrazolo[1,2-a]indazol-1-one (5c¢)
Eluent: ethyl acetate/methanol (20:1). Yellow solid (23.3 mg, 32%), mp 60.9-61.9 °C. *H NMR (CDCls, 600
MHz): § 7.56 (d, J = 3.6 Hz, 1H), 7.48 (dd, J1 = 8.4 Hz, J, = 1.8 Hz, 1H), 7.40 (d, J = 1.8 Hz, 1H), 7.38-7.37
(m, 2H), 7.30-7.28 (m, 2H), 7.25-7.24 (m, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.63 (d, J = 16.2 Hz, 1H), 6.55 (d, J =
16.2 Hz, 1H), 5.63 (d, J = 3.6 Hz, 1H), 2.11 (s, 3H). ¥C{*H} NMR (CDCls, 100 MHz): & 161.7, 139.1, 135.6,
132.6, 132.2, 131.0, 128.6, 128.3, 127.8, 127.3, 127.1, 127.0, 116.8, 109.4, 101.3, 67.7, 24.1. HRMS (ESI) m/z:
[M+Na]" Calcd for C19H15BrN2NaO 389.0260; Found 389.0255.
(E)-9-(4-Bromostyryl)-9-methyl-1H,9H-pyrazolo[1,2-a]indazol-1-one (5d)
Eluent: ethyl acetate/methanol (20:1). Yellow solid (35.1 mg, 48%), mp 74.7-75.7 °C. *H NMR (CDCls, 600
MHz): § 7.59 (d, J = 3.6 Hz, 1H), 7.38-7.33 (m, 3H), 7.28 (d, J = 7.2 Hz, 1H), 7.21 (d, J = 8.4 Hz, 2H), 7.15 (t,
J=7.2 Hz, 1H), 7.10 (d, J = 7.8 Hz, 1H), 6.60 (d, J = 16.2 Hz, 1H), 6.54 (d, J = 16.2 Hz, 1H), 5.59 (d, J = 3.6
Hz, 1H), 2.09 (s, 3H). 3C{*H} NMR (CDCls, 150 MHz): 5 161.8, 136.8, 134.9, 133.5, 131.6, 129.4, 129.3,
129.2, 128.5, 127.1, 124.5, 123.8, 121.9, 108.2, 100.5, 67.7, 24.1. HRMS (ESI) m/z: [M+Na]" Calcd for
C19H15BrN2NaO 389.0260; Found 389.0265.
4. Typical procedure for the synthesis of 6a and spectroscopic data of 6a-6e

To a reaction tube equipped with a stir bar were charged with 4a (83.6 mg, 0.2 mmol), toluene (2 mL),
sulfur (32.0 mg, 0.125 mmol) and 4A molecular sieve (33.4 mg). The tube was then sealed, and the mixture
was stirred at 180 °C for 18 h. Upon completion, it was cooled to room temperature and concentrated under
reduced pressure. The residue was purified by silical gel column chromatography with petroleum ether/ethyl
acetate (2:1) as the eluent to give 6a. 6b-6e were obtained in a similar manner.

(E)-9-Methyl-5-(5-phenylthiophen-3-yl)-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one (6a)
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Eluent: petroleum ether/ethyl acetate (3:1). White solid (62.0 mg, 69%), mp 173.6-174.6 °C. *H NMR (CDCls,
600 MHz): & 7.65 (d, J = 7.2 Hz, 2H), 7.55 (s, 1H), 7.42-7.39 (m, 4H), 7.36 (s, 1H), 7.33-7.28 (m, 4H), 7.22 (t,
J=7.2 Hz, 1H), 7.13-7.11 (m, 2H), 6.57 (d, J = 16.2 Hz, 1H), 6.47 (d, J = 16.2 Hz, 1H), 3.63-3.60 (m, 1H),
3.19-3.15 (m, 1H), 2.89-2.83 (m, 1H), 2.65-2.61 (m, 1H), 2.10 (s, 3H). 3C{*H} NMR (CDCls, 150 MHz): &
165.2, 144.9, 144.5, 139.2, 136.3, 135.7, 134.0, 130.6, 129.5, 129.3, 129.1, 128.5, 127.94, 127.89, 126.9,
125.9, 123.9, 1235, 122.6, 121.8, 121.2, 65.8, 51.9, 35.1, 24.9. HRMS (ESI) m/z: [M+Na]* Calcd for
C20H24N2NaOS 471.1502; Found 471.1508.
(E)-7,9-Dimethyl-5-(5-phenylthiophen-3-yl)-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-one
(6b)

Eluent: petroleum ether/ethyl acetate (3:1). White solid (32.4 mg, 35%), mp 92.0-93.0 °C. *H NMR (CDCls,
400 MHz): § 7.65 (d, J = 7.2 Hz, 2H), 7.54 (d, J = 0.8 Hz, 1H), 7.42-7.38 (m, 4H), 7.35-7.28 (m, 4H), 7.22 (t,
J=7.2 Hz, 1H), 7.13 (s, 1H), 6.93 (s, 1H), 6.58 (d, J = 16.0 Hz, 1H), 6.46 (d, J = 16.0 Hz, 1H), 3.59 (td, J1 =
8.8 Hz, Jo = 4.4 Hz, 1H), 3.17-3.11 (m, 1H), 2.89-2.81 (m, 1H), 2.65-2.58 (m, 1H), 2.38 (s, 3H), 2.08 (s, 3H).
BC{'H} NMR (CDCls, 150 MHz): § 165.3, 144.8, 142.4, 139.3, 136.3, 136.0, 134.0, 133.3, 130.7, 130.0,
129.2,129.0, 128.5, 127.9, 127.8, 126.9, 125.9, 123.9, 122.5, 122.3, 121.0, 65.9, 52.3, 35.2, 24.8, 21.0. HRMS
(ESI) m/z: [M+Na]* Calcd for C3oH26N2NaOS 485.1658; Found 485.1661.
(E)-7-Chloro-9-methyl-5-(5-phenylthiophen-3-yl)-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-1-
one (6¢)

Eluent: petroleum ether/ethyl acetate (3:1). White solid (36.9 mg, 38%), mp 170.0-171.0 °C. *H NMR (CDCls,
400 MHz): & 7.65-7.63 (m, 2H), 7.51 (d, J = 1.6 Hz, 1H), 7.42-7.39 (m, 4H), 7.37 (d, J = 1.2 Hz, 1H),
7.34-7.28 (m, 4H), 7.25-7.22 (m, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.58 (d, J = 15.6 Hz, 1H), 6.42 (d, J = 16.0 Hz,
1H), 3.59 (td, J1 = 8.8 Hz, J2 = 4.4 Hz, 1H), 3.19-3.12 (m, 1H), 2.90-2.81 (m, 1H), 2.67-2.59 (m, 1H), 2.08 (s,

3H). ¥C{*H} NMR (CDCls, 150 MHz): 5 165.2, 145.3, 143.2, 137.8, 137.5, 136.0, 133.8, 130.0, 129.8, 129.2,
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129.1, 128.6, 128.5, 128.12, 128.08, 126.9, 125.9, 123.5, 123.1, 122.4, 121.8, 65.9, 51.9, 34.9, 24.8. HRMS
(ESI) m/z: [M+Na]"* Calcd for C29H23CIN2NaOS 505.1112; Found 505.1108.
(E)-9-Methyl-9-(4-methylstyryl)-5-(5-(p-tolyl)thiophen-3-yl)-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-
1-one (6d)
Eluent: petroleum ether/ethyl acetate (3:1). White solid (47.8 mg, 50%), mp 149.3-150.3 °C. *H NMR (CDCls,
600 MHz): 5 7.54 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 1.2 Hz, 1H), 7.31-7.27 (m, 4H), 7.20 (d, J = 7.8 Hz, 2H),
7.12-7.09 (m, 4H), 6.52 (d, J = 16.2 Hz, 1H), 6.42 (d, J = 16.2 Hz, 1H), 3.61 (td, J1 = 9.0 Hz, J; = 4.8 Hz, 1H),
3.18-3.14 (m, 1H), 2.88-2.82 (m, 1H), 2.64-2.59 (m, 1H), 2.37 (s, 3H), 2.31 (s, 3H), 2.08 (s, 3H). ¥C{ H}
NMR (CDCIs, 100 MHz): 6 165.2, 145.0, 144.5, 139.1, 137.9, 137.7, 135.8, 133.5, 131.2, 129.7, 129.6, 129.5,
129.2, 126.8, 125.8, 123.42, 123.41, 122.1, 121.8, 121.3, 65.9, 51.9, 35.1, 24.9, 21.2. HRMS (ESI) m/z:
[M+Na]* Calcd for C31H2sN2NaOS 499.1815; Found 499.1835.
(E)-5-(5-(4-Bromophenylthiophen-3-yl)-9-(4-bromostyryl)-9-methyl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]
indazol-1-one (6¢e)
Eluent: petroleum ether/ethyl acetate (3:1). White solid (48.4 mg, 40%), mp 82.1-83.1 °C. *H NMR (CDCls,
400 MHz): & 7.54-7.49 (m, 5H), 7.42-7.37 (m, 3H), 7.32-7.28 (m, 1H), 7.26-7.24 (m, 2H), 7.13-7.12 (m, 2H),
6.51 (d, J = 16.0 Hz, 1H), 6.45 (d, J = 15.6 Hz, 1H), 3.60 (td, J1 = 8.8 Hz, J» = 4.4 Hz, 1H), 3.19-3.13 (m, 1H),
2.91-2.82 (m, 1H), 2.67-2.59 (m, 1H), 2.08 (s, 3H). *C{*H} NMR (CDCls, 100 MHz): 5 165.3, 144.5, 143.6,
139.3, 135.6, 135.2, 132.9, 132.2, 131.6, 131.4, 129.6, 128.4, 128.2, 127.3, 124.2, 123.6, 123.0, 121.9, 121.8,
121.7, 121.0, 65.8, 52.0, 35.0, 24.8. HRMS (ESI) m/z: [M+Na]" Calcd for C29H22Br.N.NaOS 626.9712;
Found 626.9704.
5. Typical procedure for the synthesis of 7a and spectroscopic data of 7a-7e

To a reaction tube equipped with a stir bar were charged with 4a (83.6 mg, 0.2 mmol), toluene (2 mL) and

dimethyl but-2-ynedioate (56.8 mg, 0.4 mmol). The tube was then sealed, and the mixture was stirred at
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120 °C for 12 h. Upon completion, it was cooled to room temperature and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel with petroleum ether/ethyl acetate
(1:1) as the eluent to give 7a as a mixture of two diastereoisomers. 7b-7e were obtained in a similar manner.
Dimethyl  (E)-5-(9-methyl-1-ox0-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-5-yl)-1,4-dihydro-
[1,1'-biphenyl]-2,3-dicarboxylate (7a)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (88.6 mg, 79% , dr = 1:2.3). *H NMR (CDCls, 600
MHz): & 7.29-7.23 (m, 3H), 7.21-7.11 (m, 7H), 7.05-6.94 (m, 3H), 6.43-6.40 (m, 1H), 6.35-6.32 (m, 1H),
5.90-5.88 (m, 1H), 4.56-4.52 (m, 1H), 3.74-3.73 (m, 3H), 3.63-3.58 (m, 0.3H), 3.51-3.50 (m, 3H), 3.48-3.46
(m, 0.7H), 3.44-3.31 (m, 1.7H), 3.23-3.14 (m, 1.3H), 2.86-2.81 (m, 0.3H), 2.74-2.68 (m, 0.7H), 2.61-2.54 (m,
1H), 1.961-1.956 (m, 3H). *C{*H} NMR (CDCls, 100 MHz): 5 167.9, 167.84, 167.75, 167.69, 165.0, 164.9,
144.0, 143.9, 140.8, 140.7, 136.2, 135.9, 135.7, 135.5, 135.4, 132.4, 131.7, 130.52, 130.47, 129.8, 129.6,
129.3, 128.95, 128.87, 128.52, 128.49, 128.4, 128.2, 127.9, 127.8, 127.5, 126.8, 125.2, 125.0, 123.3, 122.0,
121.9, 65.7, 65.6, 52.54, 52.50, 52.20, 52.18, 52.0, 45.2, 45.1, 35.1, 30.3, 24.9, 24.8. HRMS (ESI) m/z:
[M+H]" Calcd for CasH3z2N2NaOs 583.2203; Found 583.2200.

Dimethyl (E)-5-(7,9-dimethyl-1-oxo0-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-5-yl)-1,4-
dihydro-[1,1'-biphenyl]-2,3-dicarboxylate (7b)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (92.9 mg, 81% , dr = 1:1). *H NMR (CDCls, 600
MHz): § 7.37-7.31 (m, 3H), 7.30-7.19 (m, 7H), 6.93 (s, 0.5H), 6.89 (s, 0.5H), 6.86 (s, 1H), 6.51 (d, J = 16.2
Hz, 1H), 6.39 (d, J = 16.2 Hz, 1H), 5.97-5.95 (m, 1H), 4.61 (br s, 1H), 3.81 (s, 3H), 3.782-3.775 (m, 0.5H),
3.70-3.65 (m, 0.5H), 3.58-3.57 (m, 3H), 3.52-3.38 (m, 1.5H), 3.26-3.17 (m, 1.5H), 2.90-2.86 (m, 0.5H),
2.80-2.74 (m, 0.5H), 2.67-2.61 (m, 1H), 2.31-2.30 (m, 3H), 2.02 (s, 3H). 3.C{*H} NMR (CDCls, 150 MHz): &
168.0, 167.83, 167.81, 167.7, 165.1, 165.0, 141.84, 141.81, 140.9, 140.8, 136.3, 136.0, 135.9, 135.8, 135.3,

133.2, 132.6, 131.8, 130.7, 130.6, 129.8, 129.6, 129.2, 128.95, 128.90, 128.87, 128.7, 128.51, 128.49, 128.27,
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128.26, 127.9, 127.8, 127.7, 127.6, 127.4, 126.9, 125.1, 124.9, 122.5, 122.4, 65.7, 65.6, 52.5, 52.4, 52.3, 52.2,
52.1, 453, 45.1, 35.2, 30.4, 30.3, 24.8, 24.7, 20.95, 20.92. HRMS (ESI) m/z: [M+Na]® Calcd for
CssH3aN2NaOs 597.2360; Found 597.2375.

Dimethyl (E)-5-(7-chloro-9-methyl-1-0x0-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-5-yl)-1,4-
dihydro-[1,1'-biphenyl]-2,3-dicarboxylate (7¢c)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (71.0 mg, 60%, dr = 1:1). *H NMR (CDCls, 400
MHz): § 7.30-7.11 (m, 10H), 7.03-6.98 (m, 1H), 6.95-6.94 (m, 1H), 6.46-6.41 (m, 1H), 6.28 (d, J = 16.0 Hz,
1H), 5.91-5.90 (m, 1H), 4.55-4.52 (m, 1H), 3.742-3.738 (m, 3H), 3.71-3.67 (m, 0.5H), 3.60-3.52 (m, 0.5H),
3.50-3.49 (m, 3H), 3.47-3.41 (m, 0.5H), 3.36-3.33 (m, 1H), 3.20-3.10 (m, 1.5H), 2.86-2.78 (m, 0.5H),
2.74-2.65 (M, 0.5H), 2.61-2.52 (m, 1H), 1.94-1.93 (m, 3H). 3C{*H} NMR (CDCls, 150 MHz): & 166.7, 166.6,
166.5, 163.9, 163.8, 141.64, 141.61, 139.4, 139.3, 136.5, 136.3, 134.89, 134.86, 134.4, 131.0, 130.3, 128.82,
128.76, 128.70, 128.68, 128.0, 127.9, 127.7, 127.64, 127.56, 127.53, 127.50, 127.40, 127.36, 127.2, 127.02,
126.99, 126.98, 126.54, 126.53, 125.8, 125.3, 125.1, 121.02, 120.96, 64.7, 64.6, 51.5, 51.17, 51.15, 50.9, 50.7,
44.2, 44.0, 33.9, 29.1, 29.0, 23.7, 23.6. HRMS (ESI) m/z: [M+Na]"* Calcd for CasH3:CIN;NaOs 617.1814;
Found 617.1807.

Dimethyl (E)-4'-methyl-5-(9-methyl-9-(4-methylstyryl)-1-oxo-2,3-dihydro-1H,9H-pyrazolo[1,2-a]
indazol-5-yl)-1,4-dihydro-[1,1'-biphenyl]-2,3-dicarboxylate (7d)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (74.5 mg, 63%, dr = 1:1). *H NMR (CDCls, 400
MHz): § 7.26-7.23 (m, 2H), 7.15-6.99 (m, 9H), 6.48-6.43 (m, 1H), 6.36 (d, J = 16.0 Hz, 1H), 5.95-5.93 (m,
1H), 4.61-4.54 (m, 1H), 3.81-3.80 (m, 3H), 3.73-3.62 (m, 0.5H), 3.59-3.58 (m, 3H), 3.56-3.52 (m, 1H),
3.46-3.41 (m, 1H), 3.37-3.18 (m, 1.5H), 2.95-2.86 (m, 0.5H), 2.83-2.74 (m, 0.5H), 2.69-2.60 (m, 1H),
2.32-2.30 (m, 6H), 2.03-2.02 (m, 3H). ¥C{*H} NMR (CDCls, 100 MHz): § 167.9, 167.79, 167.76, 164.94,

164.86, 143.97, 143.95, 137.74, 137.70, 137.66, 137.11, 137.09, 136.2, 135.8, 135.6, 133.4, 132.1, 131.4,
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129.62, 129.55, 129.53, 129.48, 129.4, 129.21, 129.18, 128.4, 128.2, 128.12, 128.09, 128.0, 127.9, 126.7,
125.3, 125.1, 123.30, 123.28, 122.0, 121.9, 65.72, 65.67, 52.5, 52.18, 52.16, 52.0, 51.9, 44.9, 44.7, 35.1, 30.3,
30.2, 24.90, 24.85, 21.2, 21.12, 21.11. HRMS (ESI) m/z: [M+Na]" Calcd for C37H3sN2NaOs 611.2516; Found
611.2519.
Dimethyl (E)-4'-bromo-5-(9-(4-bromostyryl)-9-methyl-1-oxo-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-
5-yl)-1,4-dihydro-[1,1'-biphenyl]-2,3-dicarboxylate (7€)
Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (105.9 mg, 74% , dr = 1:1). *H NMR (CDCls, 400
MHz): § 7.47-7.37 (m, 4H), 7.23-7.20 (m, 2H), 7.13-7.01 (m, 5H), 6.44 (d, J = 16.0 Hz, 1H), 6.41-6.36 (m,
1H), 5.93-5.91 (m, 1H), 4.62-4.56 (m, 1H), 3.818-3.815 (m, 3H), 3.75-3.64 (m, 1H), 3.61-3.60 (m, 3H),
3.57-3.41 (m, 1.5H), 3.38-3.20 (m, 1.5H), 2.97-2.88 (m, 0.5H), 2.85-2.79 (m, 0.5H), 2.73-2.63 (M, 1H), 2.03
(s, 3H). *C{*H} NMR (CDCls, 150 MHz): 5 167.9, 167.7, 167.5, 167.3, 165.1, 165.0, 143.93, 143.86, 139.93,
139.87, 135.5, 135.3, 135.17, 135.15, 134.8, 134.3, 133.3, 132.6, 132.1, 132.0, 131.63, 131.61, 131.3, 131.2,
130.3, 130.0, 129.9, 128.5, 128.4, 128.23, 128.18, 127.3, 127.2, 125.0, 124.9, 123.5, 122.1, 122.0, 121.70,
121.69, 121.4, 65.7, 65.6, 52.6, 52.31, 52.29, 52.1, 51.9, 44.6, 44.4, 35.1, 35.0, 30.5, 30.3, 24.82, 24.75.
HRMS (ESI) m/z: [M+Na]" Calcd for CssH3oBraN2NaOs 739.0414; Found 739.0406.
6. Synthesis of 8 and its spectroscopic data

To a reaction tube equipped with a stir bar were charged with 4a (41.8 mg, 0.1 mmol), toluene (2 mL) and
N-methylmaleimide (22.2 mg, 0.2 mmol). The tube was then sealed, and the mixture was stirred at 120 °C for
12 h. Upon completion, it was cooled to room temperature and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel with petroleum ether/ethyl acetate (1:2) as the
eluent to give product 8 as a mixture of two diastereoisomers.
(E)-2-Methyl-6-(9-methyl-1-0x0-9-styryl-2,3-dihydro-1H,9H-pyrazolo[1,2-a]indazol-5-yl)-4-phenyl-3a,4,

7,7a-tetrahydro-1H-isoindole-1,3(2H)-dione (8)
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8-1: Eluent: petroleum ether/ethyl acetate (1:2). White solid (18.7 mg, 35%), mp 106.3-107.0 °C. 'H NMR
(CDCls, 600 MHz): & 7.40-7.37 (m, 4H), 7.33-7.26 (m, 5H), 7.22 (t, J = 7.8 Hz, 1H), 7.12-7.06 (m, 3H), 6.53
(d, J = 15.6 Hz, 1H), 6.50-6.49 (m, 1H), 6.45 (d, J = 16.2 Hz, 1H), 3.92 (t, J = 5.4 Hz, 1H), 3.65 (td, J; = 9.0
Hz, J2 = 5.4 Hz, 1H), 3.46-3.43 (m, 1H), 3.40 (td, J1 = 7.8 Hz, J2 = 1.8 Hz, 1H), 3.34-3.30 (m, 1H), 3.24 (dd,
J1=16.8 Hz, J2 = 2.4 Hz,, 1H), 2.91-2.86 (m, 1H), 2.84-2.79 (m, 1H), 2.75 (s, 3H), 2.73-2.68 (m, 1H), 2.03 (s,
3H). BC{*H} NMR (CDCls, 100 MHz): § 177.8, 175.6, 163.6, 142.7, 137.5, 135.6, 135.2, 134.8, 129.5,
128.51, 128.46, 127.7, 127.5, 127.44, 127.1, 126.8, 126.4, 125.8, 124.1, 122.5, 120.9, 64.4, 50.0, 44.4, 41.2,
38.8, 33.9, 26.6, 23.7, 23.6. HRMS (ESI) m/z: [M+Na]* Calcd for C34H31N3NaO3 552.2258; Found 552.2269.
8-2: Eluent: petroleum ether/ethyl acetate (1:2). White solid (18.6 mg, 35%), mp 117.1-118.1 °C. 'H NMR
(CDCls, 600 MHz): § 7.30-7.27 (m, 4H), 7.24-7.17 (m, 5H), 7.13 (t, J = 7.2 Hz, 1H), 7.10 (dd, J, = 7.8 Hz, J
= 1.2 Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 7.00 (dd, J1 = 7.2 Hz, J> = 1.2 Hz, 1H), 6.43 (d, J = 16.2 Hz, 1H),
6.39-6.38 (M, 1H), 6.31 (d, J = 16.2 Hz, 1H), 3.84 (t, J = 5.4 Hz, 1H), 3.75 (td, J1 = 8.4 Hz, J, = 3.6 Hz, 1H),
3.38-3.35 (M, 1H), 3.33-3.30 (m, 1H), 3.26 (dd, J; = 16.2 Hz, J2 = 1.8 Hz, 1H), 3.13-3.08 (m, 1H), 2.86-2.80
(m, 1H), 2.70 (s, 3H), 2.62-2.57 (m, 2H), 1.99 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 178.0, 175.4,
163.7, 143.2, 137.5, 135.3, 135.1, 134.9, 129.3, 128.7, 128.1, 127.8, 127.5, 127.4, 127.1, 126.8, 126.4, 125.8,
123.8, 122.6, 120.7, 64.5, 49.8, 44.9, 41.5, 39.2, 33.8, 27.5, 23.7, 23.6. HRMS (ESI) m/z: [M+Na]" Calcd for
Ca4H3:N3NaO3 552.2258; Found 552.2265.
7. Synthesis of 9 and its spectroscopic data

To a reaction tube equipped with a stir bar was charged with 4g (99.2 mg, 0.2 mmol), dioxane (2 mL),
Pdz(dba)s (18.3 mg, 0.02 mmol), DavePhos (11.8 mg, 0.03 mmol), ‘BuONa (38.4 mg, 0.4 mmol) and
morpholine (52.3 mg, 0.6 mmol). The tube was then sealed, and the mixture was stirred at 100 <C under argon
for 12 h. Upon completion, it was cooled to room temperature, diluted with dichloromethane (20 mL) and

washed with water and brine. The organic layer was dried over anhydrous Na>SOs, filtered, and concentrated
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under reduced pressure. The residue was purified by silica gel column chromatography with petroleum
ether/ethyl acetate (2:1) as eluent to afford 9.
9-Methyl-7-morpholino-5-((E)-4-phenylbuta-1,3-dien-2-yl)-9-((E)-styryl)-2,3-dihydro-1H,9H-pyrazolo[ 1
,2-a]indazol-1-one (9)
Eluent: petroleum ether/ethyl acetate (2:1). Yellow solid (46.4 mg, 46%), mp 112.2-113.2 °C. *H NMR
(CDCls, 600 MHz): & 7.39 (d, J = 7.2 Hz, 2H), 7.35 (d, J = 7.2 Hz, 2H), 7.33-7.28 (m, 4H), 7.23 (td, J1 = 7.2
Hz, J2 = 1.2 Hz, 2H), 6.99 (d, J = 16.2 Hz, 1H), 6.72 (s, 1H), 6.68 (s, 1H), 6.58 (d, J = 15.6 Hz, 1H), 6.43 (d, J
=15.6 Hz, 1H), 6.32 (d, J = 16.2 Hz, 1H), 5.56 (s, 1H), 5.33 (d, J = 1.2 Hz, 1H), 3.86 (t, J = 4.2 Hz, 4H), 3.69
(td, J1 = 8.4 Hz, J, = 4.8 Hz, 1H), 3.31-3.26 (m, 1H), 3.13 (t, J = 4.2 Hz, 4H), 2.86-2.80 (m, 1H), 2.66-2.61 (m,
1H), 2.08 (s, 3H). 3C{*H} NMR (CDCls, 100 MHz): & 164.7, 145.0, 136.8, 136.3, 132.9, 130.4, 129.1, 128.8,
128.7, 128.5, 128.0, 127.9, 126.9, 126.8, 124.3, 119.6, 118.1, 110.2, 66.9, 65.7, 51.7, 50.5, 35.4, 24.3. HRMS
(ESI) m/z: [M+H]* Calcd for CasHasNsO2 504.2646; Found 504.2637.
8. Gram-scale synthesis of 3a

To a reaction tube equipped with a stir bar were charged with 1la (1.6208 g, 10 mmol), DCE (20 mL),
[RhCp*Cl2]2 (77.3 mg, 0.125 mmol), NaOAc (205 mg, 2.5 mmol) and 2a (940.4 mg, 5 mmol). The tube was
then sealed, and the mixture was stirred at room temperature under argon for 12 h. Upon completion, it was
quenched with saturated brine and extracted with dichloromethane (30 mL ><3). The combined organic phases
were dried over anhydrous Na>SOs, filtered through a pad of celite, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography with petroleum ether/ethyl acetate (2:1) as
eluent to afford 3a (1.059 g, 73%).
9. Gram-scale synthesis of 4a

To a reaction tube equipped with a stir bar were charged with la (648.3 mg, 4 mmol), DCE (20 mL),

[RhCp*Cl2]2 (61.8 mg, 0.1 mmol), NaOAc (164 mg, 2 mmol) and 2a (2.2570 g, 12 mmol). The tube was then
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sealed, and the mixture was stirred at 50 °C under argon for 24 h. Upon completion, it was quenched with
saturated brine and extracted with dichloromethane (30 mL x 3). The combined organic phases were dried
over anhydrous Na>SOs, filtered through a pad of celite, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with petroleum ether/ethyl acetate (3:1) as eluent to afford

4a (932.2 mg, 55%).
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I11. Mechanistic studies
1. H/D exchange experiment (1)

To a reaction tube equipped with a stir bar were charged with 1a (32.4 mg, 0.2 mmol), DCE (2 mL),
CD30D (163 uL, 4 mmol), [RhCp*Cl2]2 (3.1 mg, 0.005 mmol) and NaOAc (8.2 mg, 0.1 mmol). The tube was
then sealed, and the mixture was stirred at room temperature under argon for 0.5 h. Afterwards, it was
quenched with saturated brine and extracted with dichloromethane (10 mL > 3). The combined organic phases
were dried over anhydrous Na»SOs, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using petroleum ether/ethyl acetate (2:1) as eluent to give a
mixture of 1a and la-dz. Upon analyzing the 'H NMR spectrum of the mixture, the deuteration ratio was

determined to be 15%.

9.163
324
311
298
260
038
032
030
025
020
007
939
925
912
586
573
559

15% D ’/\F
(0]
N\N
H

D 15%

1a1a-d,
"H NMR (600 MHz, CDCl3)

2770

q(94

15 10 5 0 PPM

2. H/D exchange experiment (I1)
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To a reaction tube equipped with a stir bar were charged with 1a (64.8 mg, 0.4 mmol), 2a (37.7 mg, 0.2
mmol), DCE (2 mL), CD3OD (163 puL, 4 mmol), [RhCp*Cl.]2 (3.1 mg, 0.005 mmol) and NaOAc (8.2 mg, 0.1
mmol). The tube was then sealed, and the mixture was stirred at room temperature under argon for 0.5 h.
Afterwards, it was quenched with saturated brine and extracted with dichloromethane (10 mL > 3). The
combined organic phases were dried over anhydrous Na>SOg, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography using petroleum ether/ethyl acetate (2:1) as

eluent to give a mixture of 3a and 3a-d:. Upon analyzing the *H NMR spectrum of the mixture, the deuteration
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3. Kinetic isotope effect study
To a reaction tube equipped with a stir bar were charged with 1a (16.7 mg, 0.1 mmol), 1a-ds (16.2 mg, 0.1
mmol), 2a (18.8 mg, 0.1 mmol), DCE (1 mL), [RhCp*Clz]2 (1.6 mg, 0.0025 mmol) and NaOAc (4.1 mg, 0.05

mmol). The tube was then sealed, and the mixture was stirred at room temperature under argon for 0.5 h.
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Afterwards, it was quenched with saturated brine and extracted with dichloromethane (10 mL x 3). The
combined organic phases were dried over anhydrous Na2SOg, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography using petroleum ether/ethyl acetate (2:1) as
eluent to give a mixture of 3a and 3a-ds. Upon analyzing the *H NMR spectrum of the mixture, the ratio of 3a
to 3a-ds was determined to be about 0.75:0.25. Accordingly, the intermolecular KIE (kn/kp) was calculated to

be about 3.0.
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3C{"H } NMR (100 MHz, CDCl5)

1.00 1.03
i

101 101

I I I I I I I I I I
10 8 6 4 2 PPM

4. Electronic competition experiment

To a reaction tube equipped with a stir bar were added 1b (35.2 mg, 0.2 mmol), 1le (46.0 mg, 0.2 mmol), 2a
(37.7 mg, 0.2 mmol), [RhCp*Cl2]2 (3.1 mg, 0.005 mmol), NaOAc (8.2 mg, 0.1 mmol) and DCE (2 mL). The
tube was then sealed, and the mixture was stirred at room temperature for 0.5 h. Afterwards, it was quenched
with saturated brine and extracted with dichloromethane (10 mL > 3). The combined organic phases were

dried over anhydrous NaSOg, filtered and concentrated under reduced pressure. The residue was purified by
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silica gel column chromatography using petroleum ether/ethyl acetate (2:1) as eluent to give 3e (36.5 mg,
51%). Meanwhile, product 3b was formed in trace amount.
5. Controle experiment

To a reaction tube equipped with a stir bar were added 3a (29.0 mg, 0.1 mmol), 2a (41.8 mg, 0.1 mmol),
[RhCp*Cl2]2 (1.6 mg, 0.0025 mmol), NaOAc (4.1 mg, 0.05 mmol) and DCE (1 mL). The tube was then sealed,
and the mixture was stirred at 50 °C under argon for 6 h. From the resulting mixture, the generation of 4a was

not observed based on TLC detection.
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V. NMR spectra of 3a-3ee

¥S0°¢
9./.°¢
v8L'¢
T6L°¢
86.°C
€08'¢
018'¢
118¢
ve8'e
9/6'C
T66°C
€66'¢
€00°€
800°¢
810°€
0co’€
GEO'E
A1
S9v'e
89Y'¢
6LV'E
a8v'e
96v'€
¥98'¢
T.8°€
8/8°€
G88'E
268'¢
006°¢
61v'9
Svv'9
T6¥'9
LTS9
6119
2¢6L'9
9€0°L
8€0°L
670°L
050°2L
T90°L
€90°L
SET'L
LYT'L
¢6T'L
T0C’L
v0c'L
LTC'L
JASTAVA
T9¢'L
89¢'L
TLC'L
L1C°L
08¢'L
v8¢'L
98¢’L
vve'L
9G6€°L

301

"H NMR (600 MHz, CDCl,)

1.02

1.02

)

/1(03

]

1/02

||

PPM

10

6EV'VC

GEE'GE

9GT'1S

099221
¥88°22T
058'92T
058°22T
067'82T /
v98'82T /
90762T — =
€92°0sT —
6.8VET “
€TZ'9€ET
90T L¥T

185191

3C{"H } NMR (150 MHz, CDCls)

|




;
/
!

301

3|02

]

H NMR (400 MHz, CDCl5)

1.04
1/03 /1/01

1.02

/

NS

8Y1'1¢
ear've

C¢1S'SE

9€L'TS

52'99 \
ovg'9L —/
e
18111

0v6'60T

86T°€2T
v€6'92T
v68',2T
295821
€8T°67T
T/¥'62T /
S\ =

TOV'0ET
WL CET ——

602°'GET
6re9sT —
¥00°SPT

€8L'v91

st

sl Wy

A

3C{"H } NMR (100 MHz, CDCl5)

S41



€€0°C
SL.°C
€8.°C
68.°C
161°T
2082
608°Z
918'C
€28'C
096'Z
S.6C
116
186'C
266'C
z00°€
¥00°€
810°€
62r'E
Evr'e
097'€
vivE
9z8°€
ves'e
ov8'e
8v8'e
5e8°€
298°€
T.€9
L6€°9
505°9
€S9
169°9
S0.°9
S60°L
860°L
L02°L
61T, -
zzeL

geT’L

9€T’L

LST°L o £
192, &/N |
08Z'L >-Z

z62°L
vSeL
99g°L

L

J

L9E'VC

€cese

TET'TS

1.03

N - < GGZ'99 \
056°92

| 09T°LL
T.€11

B 066°0TT

686°¢CT

| 676°9¢T

2€0'8¢T

o 90T'8¢T

o 129'82T

N e 286°'8¢T
‘m.l /
~ v

I

s

S59'62T
° TG.°62T
29 I 800'9€T
65L'9ET
- S8L'GYT

\

2.02
2 OB
:

N 891791

3c
"H NMR (600 MHz, CDCls)

Cl

3C{'H } NMR (150 MHz, CDCls)




¥€0'¢
08L°¢
88L°¢
¥6.L¢C
08¢
L08°¢
S18°¢
T8¢
6¢8'¢
¥96°¢
6.6°C
T66°C
S66°C
900°€
[440R>
9EV’E
0Sv'e
LOV'E
I8¥°€
0€8'€
8€8'E
Sy8'€
¢G8'E
6G8°€
198'€
89€'9
¥6€°9
6059
9€5'9
0599
7999
c1e’L
veeL
9€C’L
6€C’L
09¢’L
¢lLe’l
G8¢’L
L6¢°L
8G¢E°L
0Lg°L
08€’L
2¢8e’L

N == Y

I

"H NMR (600 MHz, CDCl,)

3.01

3/01

2.03

1.03  1.02
| 104 [1/02
UUU_J%

68Ev¢

(AR

600°TS

S6T°99 \

6v6'9L —7
09T°LL
TLELL

Aiany

99T'STT
6€8'GCT
996'9¢T
GET'8CT

N

GE9'8CT
€99'6¢1
v..°6¢T
9¢8'TET
LTO9ET
0LT'LET
YAZA 14

\

129791

3C{'H } NMR (150 MHz, CDCl5)




PPM
S44

\'1

=
[a
o
0.0'C o
S18'C
£28'C |
0e8'z
88’z |
Zv8'e
058'2 I \
958'2
vo8 ¢ o ™ bz
ve6 ¢ @ ¥ST'SE
otoe G/T°0S
0 ® N ¥92°99
o S 6v6°9L
180 — = o " 09T°2L
soe ) TIE1L
vee 7 = 1 855601
ovse — 7 8 S68°6TT
Tt = - vZ6'6TT
s 056'6TT
206 - 2.6'6TT
o 8¥79'TCT
wwm.m r 0SP'eeT
6c6€ IR 7A
Leee - LS6'VCT
£82°9 T/T'S2T
elv'9 / Lo 6v2'S2T
189 98g'G2T
1459 W | P
6089 — iads
g289 — | 0,2°92T
stel —= €6.°92T
1221 | 066'92T
652'L 90221
o1l = L 202'6vt
6ot S 605821
662°L 3 - 6621
. - ovS¥9T
8ge’, -
1.2 T L 676'62T
0852 w 89'GET
eyl 3 | 926'SET
<
R o
= e
b4
I |

3C{"H } NMR (150 MHz, CDCl)




F3C

Ph
"9F NMR (565 MHz, CDCls)

-61.299

I
0 -20

I
-40

[
-60

[
-80

I
-100

I
-120

| T
-140PPM

S45



Tvo'¢
0L€¢
¥9L¢
cLlLe
8LL°¢C
98L°¢
T6L°¢C
66.°C
S08°¢
i8¢
G96°C
086'¢
2¢86°C
266°C
166°C
900°€
800°€
€20€
ST
6EV'E
1214
9G¥'€
0LV'E
8€8'E
Sv8'€
¢G8'¢
098¢
998°€
V.8°€
9¢v’'9
€GY'9
06¥'9
L1G°9
8099
T98'9
€189
9T0°L
0€0’L
T6TL
€0¢’L
S1C’L
9G¢’L
8G¢'L
69¢°L
18¢'L
8ve’L
09€g’L

TSN

3,00

H NMR (600 MHz, CDCl5)

3j01
L

[

2.20
2.001.011.00

9¢9'T¢
6.S'v¢

Yiv'Se

€0¢'TS

TTT°99 \

E€v8'9L
09T°2L
YA VA

N

0S9'0TT
901221
0zL€2T
L18'92T
168221
£15'821
B6ET'62T — N\

98v°0ET
T9T'28T —

bZeoeT —  —

€9T°6€T
8EE'LVT

=

\

V.SV9T

3C{"H } NMR (100 MHz, CDCls)

PPM

I
200

S46



€coe
8LL°¢C
98L°¢
¢6L'¢
008°¢
08¢
c18'¢
618°C
9¢8'¢
9G66°¢
¢l6'¢
€86'¢C
886°C
666°C
¥10°€
VASI >
TLV'E
88Y'¢
¢0S°€
0€8’€
8E8'E
Sv8'€
¢S8'€
6G8°¢
198°€
/8€9
Yiv9
L9¥°9
€679
GG/.°9
8G9
G669
8669
600°L
T10°L
8202
cvo’L
¢0c’L
vic'L
9ce’L
9G6¢’L
T9¢’L
vicL
18¢'L
ove'L
¢se’L

.

—

ey

1
I
0

"H NMR (600 MHz, CDCl3)

3.03

2.04

1.05
| 1/02 [1/03

T

1.03

03,02 1.02

2

L6EVC

9GT'S€

Tv9°0S

5v0'99 \
2119, —7
060°2L
80v'2.

T¢E0TT
c¢e8ect
009'€CT

858'921 /
£10'821

G55'8ZT /
229621 /
peL6eT — =
8EVEET
989'vET
¥66'GET

S6T8VT

\

0SY'v91

A

3C{'H } NMR (100 MHz, CDCls)

A




9T10°¢
0LL7¢C
L11°C
v8L¢C
¢6L’¢
961°¢
08¢
T18°¢
818°¢
Lv6°C
€96°¢
v.6°¢C
6.6°C
066°C
S00°€
LyV'E
ToV'E
LLIV'E
451>
L18°€
T4 R
(A% R
ov8'€
98’E
¥G8°€
¢8€9
80%'9
L9¥°9
€6v°9
9069
8069
8969
1869
evlL
14
96T,
6GT"L
L6T°L
60¢°L
TceL
VASTAVA
0L¢’L
28¢e’L
9€e’L
6vE’L

v =Y

A

"H NMR (600 MHz, CDCls)

—
o S
& )
8
35 =
S
™
_©
< R
Q.
-
3. 8
o=
s 8
—
Io0)
J&dee
o O =
N

0LEvC

V.T°GE

€69°09

Y1199 \
676'9.
09T°LL
TLE°LL

88T'ETT

89%°¢CT
9T0'¢T
6T.°GCT
1/89¢T
GG0'8¢CT /
N\

885'8¢1T
999'6¢1
00.'621
920'vET
0TO'9€T
LTV'8VT

\

6.7'v91

3C{'H } NMR (150 MHz, CDCl3)




\
/
\

"H NMR (600 MHz, CDClj)

3/00

2.29 00
2/00 |
[

J

| 1l03

0 PPM

10

T19'v¢

v.G°GE

669°GTT
0¢8'STT
96¢'8TT
8TE8TT
TET'VCT
89TVl
¥/.8°9¢T
966°L¢T /

195821
1€9°62T /
128°62T W

11281
6€8'6V1T
288’791

6E0°9ET 7
GvZ'8eT
892'8€T N

3C{"H } NMR (150 MHz, CDCl5)

S49



-132.794

-132.782
-132.811

<

F NMR (565 MHz, CDCl5)

I I I I !
0 -50 -100 -150 -200 PPM

S50



EVLVE ——

12L'SE ——

I S00°€S N

= €0.'99

0¢S99 \

S51

TN A

-~ 99,9, — 7

N

¥80°LL
= 207 2L
g s B L¥8°0TT
oov N = v6LYTT
Tore N Le €92 VeI
e o i B zr8'9zT
= = e 29.°12T
S08'9 \ S L° I-© 1S¥°'8¢T
o7 L o 222'621 /
TR 3.2 . covosT =
v6rs A It g g vOT'GET —
7R S St &3 | eszoET
ol R © <58 T2€9€T
i5e1 x N 2478 poEorT —
TrEL \ a D L
6SEL
— 00
GyZ'G9T ——
03 [
[m]
O
G B
I
=
o [
o
I
a4
s -9
P4
T

3C{"H } NMR (100 MHz, CDCl5)



Lc0¢
LECC
v9¢e
Lvl'e
G§G.°¢
2¢9l'¢
69.°¢
vLL'e
¢8le
88.¢
G6.°¢
156°¢
G96°¢
896'¢C
8.6'C
€86'C
¢66'¢
§66'C
600°€
G8EE
86€°€
cor'e
civ'e
9TV'e
oer'e
608
L18°€
€¢8'¢t
TE8'E
LE8'E
Sv8'€
90v'9
cer’9
0059
1259
1659
2689
08T'L
8T°L
€8TL
06TL
veT'L
16T L
v0c'L
90¢'L
80¢'L
6veL
19¢L
0LeL
€LC°L
8ve'L
09€L
2c9gL

3/02

3.02
3]01

Ph

"H NMR (600 MHz, CDCls)

3k

1.02
1/02 /1/02

1.01

T8L'TS

92799
8v6°9.
09T°LL
cLE Ll

0LE'TTT

IrS'eECT
168'9¢T
€08°L2T
805'8¢1T
166'8¢T
929'0€T

VOE'TET %

VEGCET —=

£65°9T
e16 T —

G8E'SYT

NN

GELVIT

3C{'H } NMR (150 MHz, CDCl3)

S52



¢6C'T
Yiv't
GG0'¢
€0c’e
veee
L¥9'E
899°¢
v.€9
viv9
69¥°9
6059
€619
€LL9
1102
€10,
620,
T€0'L
810,
0502
8ET'L
96T,
€8T°L
S6T°L
T0C’L
L0¢’L
91¢'L
61¢'L
caee’L
8E¢C’L
el
6vcL
9G¢'L
v9c¢L
89¢'L
9/¢'L
6L¢°L
98¢’L
e,
0S€L
vSeL

e—

8,02

3)02

3/03

Ph

3|
"H NMR (400 MHz, CDCl5)

8.6'GY

viTv9 \

Yv1°99

6¥6'9L —7
09T°.L
TLE1.

686'60T

009°¢ct
0S/.'¢ct
0§6'9¢T
8.8°L¢CT
685’ mNH

0.8 wNH
£10'62T =
b oeT —
800°GET
vEP'9ET
STZ L¥T

e

600°0LT

Sg

3l

Ph

3C{'H } NMR (150 MHz, CDCls)

S53



99T'°€

s
[ QO
o
— O
| 8YT'1Z
G117z —
L L mom.mww
- _J 8152
€121 k\! g 3 7 eseey
o
86'T ” RS
0202
zzeT 2 s
ovTE —
\

1.03
| 1)
T

S54

909°€ .
129°€ I X))
9ve'9 09T L.

19579 \
60T°99 N

c8e'9 | 8LY'LL
€L7°9 158'60T

¢1S'9 - €90'€CT
8799 T€6'9CT
8999 = €€8’L2T
V€6°9 09S'8¢1
0oL —© 668'8¢T
650°.L -8 98€'6¢1T

090°2L
¢LT L
v8T°L
06T°L
S6T°L
80¢°L
ove'L
aveL
6G¢°L
LT L
TEEL
6vE’L
¢se’L

L vEZ'SET
Jov9eT —
. Or0'SYT

O
Ph

S60°04LT

3m

e

"H NMR (400 MHz, CDClj)

Ph

3C{'H } NMR (100 MHz, CDClj)




S55

Lo

L

—
6€L'ee
=) L 98T'€Z v
S 097" ¥Z
o™ L
2821 S w |
3 .
eor'l \ 8v0°91
902 i
62T°E
e T 3 - 8€0°99 e
16S°€ S 9r0'59 —
1198 —X o i ETE'99
68L€ — S 4 Tv8'9L —
LS€'9 E Y, oeri—7
o 8LY'LL
18%°9
265 182°80T
189'9 062°0TT
10 A 441 /
0050 §56'92T /
1089 i 268°22T
%M.N ¥.5'82T
. ~©  0ST'62T
s A
S8T'L i 0SE'9ET
. L6596T —
ser2 orTIYT
L6T'L |
€02'2
60Z°L I
8Tc . = T22°95T
122°L 5
vZZ'L 8 o
I8¢ . N 252°0LT
85Z'L z |
L9Z°L =
0.2, ] I
¥8Z'L >
8822 5 = I
8EE'L e E (
9se'L . 2
09€'L S

bl

13C{'H } NMR (100 MHz, CDCly)




3/01
8102

3[02

1/01 1/00
T
< AN
N O
N N
QN ND
o O

STO'0TT
B [ATans
SEL'0TT
= 128011

Yay'STT
L €69'GTT /
096'9¢T

28621
- o18'62T —
9/T'9€T
L T9S'9€T

7,
9v9'98T \

[

2/031.01 1.01

2.40

22V EVT
P ErT
190°85T — —
~®  Z9v'09T
86T°0LT

oy
0
Ph

30
"H NMR (400 MHz, CDCls)
T

S56

30 Ph
3C{"H } NMR (100 MHz, CDCls)

w




915°0CT-
S0S°0CT-
967°0CT-
¥81°0¢T-
¢Ly'0CT-
29r'0CT-

PPM
S57

-200

Ph

N
\
9F NMR (376 MHz, CDCl5)

N_Qj

30




80€'T
et

¥.0°C
8LC°¢€
66C°€
T189°€
¢0L’€
8v€9
18€'9
€6v'9
€S9
6819
0189
0TC’.L
[A4aA
8¢c’L
veT'L
el
09¢'L
(XA
T6¢°L
60€°L
T16€°L
€9¢€°L
JASI WA
81G°L
8€G'L

Ll e

<
o

2

30
3ja2

"H NMR (400 MHz, CDCls)

3/00

1/021/00

o

18L'¢¢ \
S6E°€EC

[4S1A 24
7009 ——
¢ST'€e9
6TT°99
Sv8'9.
€9T’LL
08¥°LL
0¢s'60T
¥SL6TT
881611
¢c8'611
L98'6TT
0S0°€cT
v0L'veT
¢c0'Set
Gv.'SCT
0T9'9CT
099'9¢1
G69'9¢T
8¢.'9¢1
166'9¢T
¥91°8¢T
G/9'8¢T
6¢S'6¢T
Sv9'611T

90.'621
999'GET
GEO'9ET
€66°69T

i

E

@)
™
T

Arkiak

Ph

13C{"H } NMR (100 MHz, CDCI,)

S58



-61.278

N
FsC N

3p Ph
9F NMR (376 MHz, CDCly)

I I I I
-50 -100 -150 -200  PPM

S59



vv0'¢
00€¢
19/.°¢
SLl¢
18L°¢
68.¢
v6.L'¢
T08'¢
808'¢
S18°¢C
896'C
€86'¢C
G86'¢
G66°'C
000°€
600°€
c¢10'e
9¢0°¢
8EV'E
¢sv'e
SGY'E
JASIA>
0LV'E
v8v'e
€68
T98°€
898'¢
G/8'€
2¢88'¢
068'¢
99€'9
€6€'9
0S¥'9
LLV'9
TLL9
8.9
6¢0°L
0€0°L
0'L
cro’L
¥50°L
S50°L
990°L
0802
9CT'L
8ET'L
vee'L
LveL
16¢'L
fAsTAVA
9G¢’'L
v9c'L
S9¢’L
9.2,
8L¢'L

A

3,03

"H NMR (600 MHz, CDCls)

3)02

1.03

1/04 /1/01

1.05

f

/

T

PPM

10

60€'T¢C
€89'v¢

Ly¥'SE

€ec1a

¢EE99 \
8v6'9L — 7
09T'.LL \\
cLELL

600°0TT

€Ll'¢ect
Sv6'¢ccl
6€8'9CT
968'8¢1
LG2'6CT V

€82'6¢1
9TE'6¢T
TOS'EET
G/.0°SET
9LL° /€T
9T LT

\

LEI'VIT

3C{"H } NMR (150 MHz, CDCl5)

S60



88T'T
102°T
€12'T
0502
9852
665°Z
2192
v29°2
v1lT
8.2
68.C
9612
1082
608°Z
s18°Z
ze8C
0162
5862
186'Z
166C
z00°€
z10°€
YT0'E
8z0°€
6vv°E
eor'e
99v°€
LIVE
08t'e
v6rE
vS8'E
198°€
898°€
9.8°€
z88'€
068°€
€89
607°9

LJove — =
eov9 —
909 —7
68L°9
ze0°L
vE0'L
Sv0°L
9v0°L
150°L
650°2
00T'L
eTT'L
8zT’L
VL.
95z°L
85z,
09Z'L
0.2,
€8z,

N

/

\

|

3.04

3,03

H NMR (600 MHz, CDCl3)

2.00
.01 1.03 |
[ 102 /102 |
LL‘W‘LNL_JLMML_

PPM

9¢9'9T

89S'v¢
€69'8¢

YRAAS

0TZC'1S

¥62°99 7
8v6'9/
09T'.. \
2iel]

T166'60T
09/°¢cl
816'¢CT
668'9¢T
9.0'8¢1T

66T V1T
LIT VT

¥6SV9T

3C{'H } NMR (150 MHz, CDCl,)

S61



r €65've

14741

3)02

1.04
/05 /1/05

S62

. 85eTs
. e1e99—
Tv89L —
: 09T 2L —

¢L0°0TT
r 99/'¢C1
986°¢CT
= [A{\Wxa)
16¢'LCT
= €L€°.CT
ovv'Lcl

o 188821
£06'82T V
9/6'82T
8SY'0sT —
296 V€T \

© poegel

022 17T

6v9°0vT
L ovrt

189'v9T

/
/

1.04

"H NMR (400 MHz, CDCls)

3C{'H } NMR (100 MHz, CDCls)




"H NMR (400 MHz, CDCl3)

3/01

T
PPM

I
0

6ESVC —

0Zer'se —

9G¢'TG ——

N

02299

fa YW 1Yo W]

OovO I

09T°LL
cLELL
S60°0TT
8EV'STT
6.G°STT

80.L'¢cT
€00°€CT
c61'8¢1
T.v'8¢CT
8159°8¢T

So.mmﬁ
Bﬁ.omﬁ /
€LT'0ET =
S9v'ZeT
S8y'ZeT \
788'7ET

98T LYVl ——

SSLTOT—
T6€°€9T ———

VTLVOT —

3C{'H } NMR (150 MHz, CDClj)

OPPM

I
200

S63



SYTvIT-
TETVIT-
0CT'v1T-
41047
90T ¥TT-
L60'VTT-

19F NMR (565 MHz, CDCls)

T
-200 PPM

S64



9v0'¢
¥9L¢
S..°¢
G8L°¢
961°¢
S08°¢
G18°¢
9¢8'¢
9€8'¢
G96°C
186°C
T166°C
S00°€
€T0°€
L20’€
TEO'E
€60°€
6EV'E
09r'€
Yov'e
A1
98Y°'€
L0S°€
¥98°€
v/.8°€
G88'E
968°€
L06'€
8T6°€
GB8E'9
STAZRY)
VEV'9
€LV9
0819

0089 i
v€0'L
9€0°L
€602
¢L0’L
9CT'L
I24WA
v0c'L
Ggce’L
09¢’.
6L2°L
18¢'L
86¢°L
T0E°L
28ge’L
vov'L

=Y

L\

"H NMR (400 MHz, CDCls)

3/02

OPPM

10

erve —

96€'GE —

LLCTS ———

N

0€2'99

cr8'9.
09T°LL
8LV'LL

CET'0TT
692°T¢T
069'¢cl
TS0'€CT

82/LvET
€0E'SET
S8T'LVT —

€6L V9T —

3C{"H } NMR (100 MHz, CDCl3)

S65



990°¢
68L°¢C
96.°¢
€08°¢
018'¢
918°¢
€¢e8¢
0€8'¢
LE8C
066°'¢
S00°€
L00°€
LTO'€
[440R>
(AR
V€0'€
6v0°€
Tor'e
VAR
06v'€
451>
L0S'€
€88'¢
068°€
L68'E
S06°€
¢16'€
6T6°C
8679
STASRY)
Tvs'9
1999
€619
9089
T1S0°L
¥90°L
9.0°L
44
Y&T1'L
09¢'L
9/¢’L
88¢'L
T0E°L
8Ev’L
A1V
1452
8¢S’L

— e =S e

"H NMR (600 MHz, CDCls)

3,01

PPM

10

G8EVC ——

96’6 —

08C'TG —

TLT°99
8176'9.
09T°LL
cLELL

€LT'0TT
cv9ect
960°€CT
TGE'ECT
151"
881'GCT
0¢s'ScT
eSSl
T9S'GCT
T60°2CT

996,21
8ST'62T /
185621 %

T168'6€T
8T LT

8¢S'vET

006'V9T ———

O
3v CF3

3C{"H } NMR (150 MHz, CDCl3)

PPM

I
200

S66



-62.502

9F NMR (565 MHz, CDCl3)

I I I I !
-50 -100 -150 -200 PPM

S67



Lv0'¢
96¢'¢
89/°¢C
SLl¢
2¢8lL'¢e
68L°C
S6L°¢
08¢
608'¢
918'¢
€96°¢
8.6'¢C
086'¢
066'¢
G66°C
¥00'€
L00°€
ccoe
ovv'e
SSY'E
8GY'E
69¥°'¢
cLYE
98Y'€
9r8’e
¥S8'¢€
798¢
898'€
G/8°¢
¢88'¢
6079
SEV'9
65¥'9
98Y°'9
6929
2¢8L'9
€T0°L
vco'L
820,
oL
cvo’L
€502
¥50°L
9CT'L
6ET'L
Sv1'L
LST'L
69T
¥8T'L
0S¢,
€9¢'L
v9c'L
Slc'L
LlCL

=
o
\Du
I P
3
<
N o
o« b
3 |-
S
D
1m . |
—
S
-2 |
N
S
- _
—©
4 |-
S
(90}
o o
O
a
3 L
o
T
= L
o
o
e L
=
= -2
T

LTV’ T¢C
12Sve

ver'se

T0C°1S

99299 \
6v6'9L — 7
09T°LL \“
TLELL

¥00°0TT

Lv122T
¥26'22T
GST'veT
8€5/2T
85v°'82T
10,821 %

006'82T
Svv62T
JTTOST —
G/6'VET
002°9ET
ZIT LT
£60°8ET

S

€09'v9T

13C{'H } NMR (150 MHz, CDCl3)

S68



670°C
99/.7¢
L1072
18L7¢C
86.L°C
908'¢
118C
128¢
8€8¢
G96°C
186'C
166'C
S00°€
€10°¢
120°€
1e0€
€50°¢
e
or'e
L9v°€
v8v'e
88Y°¢
01G6’¢
798¢
cL8e
€88°¢
68°€
¥06°€
S16°¢
2or'9
[144°]
Lvv'9
981°9
64,9
66.°9
veo'L
9€0°L
€50°L
GS0°L
T.0°L
€L0°L
9eT’L
evTL
vi'L
LST°L
29T,
SoT'L
69T°L
SLT'L
08T°L
18T°L
18T°L
L6T°L
80¢’L
€1,
S1¢’L
612,
gL
8ce’L
6S¢’L
8L,
08¢’L
162°L
00€’L
Sve'L

i

I

\

N

TH NMR (400 MHz, CDCl3)

eov've

G8E'GE

T16C°1S

0rT1'99 \

6vY6'9L — 7
09T°2L \\
| VAN

STANINY

€99'22T
150°€2T
802'SZT
G61°92T
898,21
¥20°82T /
NE

680'6CT

IS VvET
8G9'vET
09T'LVT
L02'8€ET

064v9T

13C{"H } NMR (150 MHz, CDCl5)

S69



90'¢C
08¢'¢
¢lLl'e
v8L'¢
€6.°¢
S08'¢
i8¢
ve8'e
€e8'¢c
Sv8'¢
9€6'¢
856'¢
T196'¢
9/6'C
€86'¢C
866'C
T00°E
€ec0'e
99v'e
18Y'€
80S'¢
TIS€
€Eq’e
818'¢
0€8'e
6€8'€
2¢S8'e
T198°€
€/8'¢
€6¢'9
¢ee9
LTL°9
VASYA]
V.9
€619
Gco'L
Lc0’L
vv0'L
0L
2¢90°L
¥90°L
6.0°L
€60°L
v0T'L
80T
LIT'L
6¢T'L
LvT'L
LvT'L
Lve'L
15¢'L
99¢'L
89¢'L
§8¢°L
88¢'L
96¢€'L
vov'L
LTV’ L

L e N

3/00

3/02

"H NMR (400 MHz, CDCl3)

1.04
/1/03

7

/ 1/03

1.02

M MULA_AQ%

0 PPM

10

808'6T —
eV —

VeEY'GE ——

Wwe1G ——

120011
9/9'¢cl
L16'¢CT
60T°9¢T
0€T'9CT
€9¢€°/¢T
008°2¢T

116821
8GZ'0€T /
T6OTET — =
18T LT

9T9'VOT ————

13C{"H } NMR (100 MHz, CDCls)

S70



0 PPM

[ 9ITv've ———

o B
S T02TS ———
— o =
0
t=] B
<~
o
L T

—<  TST'99

3|01

PPM
s71

Bﬁﬁ\
‘ mB.R \
£65°LL
8/6°60T

L1L°2cT
0€6'¢ccl

| €18'G¢T
G28'9CT

—© glelen
698'8¢T /

i 18€°€ET \
ZISVET

T VT ——

L L29'V9T ——

"H NMR (400 MHz, CDCl3)

P W oo

13C{"H } NMR (100 MHz, CDCl3)




e NV

"H NMR (600 MHz, CDCls)

3]00
J

0 PPM

€LV ——

0CT'0TT
169'¢CT
Tv0'ect
0c6'eCT
9cr'vel
969'G¢T
048'SCT
00C'9¢T
98’9l

L00°6CT
TEC'TET
V8G'EET

T162'L1vT
C¢G9'EET

6GT'VET
870'GET

86L V9T —

3C{"H } NMR (150 MHz, CDCl5)

PPM

S72



LI

|

3bb
"H NMR (400 MHz, CDCl3)

PPM

S6G°LT —
SESVe ——

887'GE ——
9T’ TS ——

16099 —
8v6'9.
09T'2L W
2L 1L

/88'60T —
¥09'22T

v18'22T —
025'6eT ——
8/9'82T —

6v6'9VT ——

TCEVIT ——

3bb

3C{"H } NMR (150 MHz, CDCls)

PPM

S73



|

'H NMR (400 MHz, CDCly)

201
/
1123 1/o0

1.01
103

m

OPPM

T98'60T —

€€9'22T
88.°22T /
9€9'82T

LTLOET %

6T6°0€T
G89'GET

20 LYT

TOEY9OT

3C{"H } NMR (150 MHz, CDCl5)

PPM

50

\
100

\
150

I
200

S74



1669
866'9
010°L
TT0°L
220°L
€20°L
v L
§50°L
950°L

Y

PST'L
SoT'L
6LT°L
T6T°L
€02'L
82C’L
0€T°L
we'l

o

< o
o<
NN
~~

N

95z~
0922
9072
8lzL
1622

3dd
"H NMR (600 MHz, CDCls)

2.01

2.03

100

o4

7.05

7.10

7.25 7.20

LI [ [ B
7.30 . . 7.15 . .

3.02
.

2/00

OPPM

29S' Ve —

A4
STy'8E —

L6T' TG ———

266°G9 7

6v6°9L —

09122 N
T.€11

668°60T

€v9ect /
1G8'¢C1
T€C9CT
9€G9'8¢T %

9€.°8¢T
6cc'6cl
LLYV'CET

LSO LYT ————

0V v9T ——

3dd
3C{"H } NMR (150 MHz, CDCls)

PPM

S75



V62T
90€'T
60T°¢
6¢6°¢
[A4504
6v76'C
€96°¢
89T'¢
18T°€
68T°€
€6T°€
T0C'€
S0C'€
€Tc’e
LET'Y
18TV
voT'v
99€9
26€9
0Sv'9
LLYV9
8..9
16L°9
ovo'L
oL
2507,
¥S0°L
G90°L
990,
19T,
€LT'L
€8T,
26T,
S6T°L
YAV TAVA
ve'L
JASTAVA
6GC°L
89¢°L
0.2,
18¢°L
28¢'L
GceL
LEEL
6EEL

\
W
W

(&

3,01

3ee-1
"H NMR (600 MHz, CDCly)

3.02

1.03

04

/
/

1/03

66V ET —

CI9Vve ——

G8L 0V ——

Gv.'8G —

66299
9€8'9.
Lv0'LL
8G¢'LL

SN

€60°0TT

06v°¢cl
ov8'¢ct
66.'9CT
€8L°/CT

6T0LVT

GCC’ 9T ——

3ee-1
3C{"H } NMR (150 MHz, CDCl3)

PPM

S76



€65 VT

€6EvC

99¢'TY

3ee-2
H NMR (400 MHz, CDCl3)

3/02 3j01

IV -
4N

880°89

7€6°599
8¢8'9.
ov0'LL
16¢°LL

i £58°60T
¥69'22T
18°221
¥68'92T
128°221
16v°821
281°821
o z19'62T
687°0ST —
- 1G6'VET
vYE9eT
i ZLT YT

=

\

o ¢99/9T

S77

PPM

50

100

150

3ee-2
3C{'H } NMR (150 MHz, CDCl3)

200




V1. NMR spectra of 4a-4t

80T'C
k4
8v9'C
S59°C
299C
899°C
§.9C
289'C
689'C
W8T
98¢
898'C
898°C
€18C
£€88'C
588'C
006°C
9ee’e
T8€°€
iR}
99€'€
89€°¢
€8€°€
v9L'€
TLLE
6LL°€
98L°¢
€6L°€
T08°€
8EE'S
we's
6.5'S
182'9
80€9
Lyv'9
vLv'9
6v5'9
S99
200°L
620°L
vL0°L
980°L
660°L
8IT'L
ozrL
0ET'L
2ET’L
SYT'L
8yT'L
LST'L
09T°L
ozeL
ceeL
veeL
9zTL
622°L
ceTL
9€T'L
6€T°L
el
owveL
8veL
09Z°L
9LeL
682°L
20e°L
¥0€'L
vie'L
LTEL
Lye'L
6S€°L
06€°L
0L
¥ov'L

\
7
\

200°L
620°L 4
vL0L o
9802
660°L
8IT'L
02T o
0ET'L
2ETL A
SYTL o
8YTL
LSTL A
09T°L
0zz'L
2L
vezL
9zz'L
62z,
2T L
98z,
6€T°L )
vveL
oreL
8vzL
09Z'L |
9.2,
687°L
20eL
vogL
vies o
e 4
1ve°s
65€2
06¢'L

\|Z==—=

T T T T

T

[ amans

2002 -
vov's

4.04

1.00

R Y0

~2.01

01,

7.1

7.2

73

7.4

Ph

H NMR (600 MHz, CDCls)

3/01

1.03

1.00

/1/00

/01

/

0 PPM

10

ISV —

Ev8'6TT
068121
8/8'22T
z9g°€zt
6v8'92T
296'92T
0€6'L2T
190821
509821
092821
A —
95€°0€T
0vS0ET x
06'ZET
€85'GET
LTy 9ET
LI8'9ET
Ly vyl
695 79T
808 vvT

BC{'H } NMR (150 MHz, CDCl,)

PPM

S78



2¢60°¢
¥9€¢
T19'¢
[44° K4
2¢e9'¢
€v9'C
199°¢C
299°¢
(A K4
€89°¢C
¢18'¢
€8¢
8€8'¢
¢S8'¢
658'¢
v.8¢
8.8¢
668'¢C
112
662°€
veee
Ive'e
60L°€
cel’e
ceL’e
evL'e
vSL'€
G9.°€
€2e’s
65S°S
88¢'9
8¢€9
acr9
[ASI Y]
6559
6659
¥€6°9
61769
¢86'9
cco’L
vic'L
LTC°L
jetor AV
0S¢’
€G¢’L
09¢'L
€LeL
¢6eL
80¢€"L
Gee'L
¢SEL
0LE°L
96€°L
viv'.e

%
W
\
F

J

3/02

3/01

'H NMR (400 MHz, CDCls)

1.04
00 / /

1.05
/

1.05

10

1.5°59
Ev8'9L —

09T'LL
8LV LL—\

999'6TT
€evect
LSY'ECT
068°9¢T
G96'9¢T
068°L¢T
T€0'8CT
665'8¢T
16/.'8¢1
¥00°6¢T
6v0°6CT
799'0€T
808'0€T
¢S9°¢ET
LG8°CET
C98'SET
061°9€T
EV6'9ET
60¢¢vT
L99'v91

9E6' VYT

TN

3C{"H } NMR (100 MHz, CDCls)

S79



0 PPM

302

Jy

"H NMR (600 MHz, CDCls)

¥8.L°ST

G/8°9.

980°LL

YATAVNA

0T9'6TT
STT'TCT
89€'€CT
TLL°9CT
€06'9¢T
608°.¢T
ov6'LCT
G1S9'8CT
¥.9°8¢T
€16'8¢T
066'8CT
V2961 —E&=
88G'0ET — —
€G/°¢ET x
9¢/L'SET \
9TV'9€T
€88'9€T
SET'6ET
cleevt
929'v91

€E6VIT

3C{"H } NMR (150 MHz, CDCl5)

S80



9jo1

|

3101

1.02 1.03
/ v01 / v02

"H NMR (400 MHz, CDCl,)

PPM

10

[ASI R4
9/5°0¢€
8.G'EE
ETEve
Tv6'6v
v.9'v9
v1L'S.
¢e0'9L
6vE'9L —
187 .11
L/S'8TT
68L°T¢CT
969'G¢T
¥G8'GCT
VAZATAY
veL9CT
8.8'9¢T
Yov'L2T
S19°2CT

Sy

/

628 LT ——=

9¢0'8¢1
909'6C1
0L9°TET
08C'vET
S6E'GET
6G8°GET
G26'0vT
080711
€6T'SVT

69S'€9T

3C{'H } NMR (100 MHz, CDCl3)

PPM

50

100

150

200

S81



305

"H NMR (400 MHz, CDCl3)

1.03
.00 /1203

1.00 1.03

2.00
438 / 1.04

/

/

.00

.

J

1/02 102

401

PPM
82

6GELL

T9€'60T
889'9T1T
0€6'9TT
960'0CT
€G9'vCT
9¢/L'vel
[ 181°9¢1
S06'9¢T
—©  6008CT
¥S1°8¢T
F 0€E'8CT
€95'8¢1
= 0T.'8¢T
8.¥'6C1
1G8°6CT
LYO'EET
860'9€T
9GS'9€T
00T'LET
6LT°LET
S6S°0vT
N L2L'EVT

IZWAVAY)
o 892091
Ly9'v9OT

3C{'H } NMR (100 MHz, CDCls)




T¢s'0CT-
00S°0CT-

S.v'0CT-

="

9F NMR (376 MHz, CDCl3)

PPM

-200

S83



300

1.01
102 /102

1.01
J

.00

A

1.00

"H NMR (400 MHz, CDCl3)

0 PPM

SO0E'Ve —

¢81°0CT
0TO¢CT
ETL'VCT
8T8'9¢T
126'9CT
0¢8'L2T
§50'8¢T
2¢61'8¢T
16581
T€L'8CT
¢1S'6CT
98.'6¢1
T96'6CT
EET'EET
L90°9€T
62S'9€T
V8¢ LET
0S6°¢vT
Yy voT

VEQEVT

¢
-

13C{"H } NMR (150 MHz, CDCl3)

PPM

S84



v.0'¢C
619°C
0€9'¢
6€9°¢
159°¢
659°¢C
0L9'¢
089'¢
T69°¢
€08'¢
G¢8'¢
8¢8'¢
vv8'¢
0S8¢
998'¢
698'¢
T68'¢
S0€'€
LC€€
[ASt R
V.E€
€0L'€
STL'E
SclL'e
LEL'E
8v.'¢
65,
vee's
9/9'S
Lv2'9
1829
S/€9
STV'9
9¢s'9
9859
S¥6'9
§86'9
FAYAVA
0ce’L
veel
lLee L
Sec’L
6€C’L
el
6vc'L
9G¢’'L
65¢'L
0L¢'L
68¢'L
60€°L
YXAWA
LEEL
SS€°L
98¢
Sov'L

—\&

Ph

49
H NMR (400 MHz, CDCl3)

Br

EIEVe ——

LY6 V1T
812'0CT
vE8VCT
8ET'SCT
12891
9€6'9¢T
T790'8¢T
861°8¢T
€65'8¢T
ceL'8CT

91G5'62T — N\
TLL62T — —

mNN.NmH \
omﬁ.mmﬁ \
850°95T
T€G'98T
619 LET
TOV'EVT
06€ 9T
995°EVT

3C{"H } NMR (150 MHz, CDCls)

|

PPM

S85



160°¢
€89'¢
¥69°'¢
S0L'¢
YAV
velLe
S€L'C
avl'c
8G/'¢
8v8'¢
¢l8¢
688'¢C
S68'¢
€16'¢C
9€6'¢
8GY'¢
8v'e
S0S'€
8¢S'E
€6L°€
S08'€
918'¢
8¢8'¢
6E8'C
168
Eve's
¢E9'S
€LT9
€129
€8€'9
€cr9
8¢S'9
1999
T1.6'9
T10'L
vee'L
eve'L
16¢'L
SG¢'L
T9¢'L
89¢'L
€LeL
6L¢'L
86¢'L
€0€’L
6T€'L
€ce’L
TEEL
veE'L
ove'L
0S€’L
v§e'L
8.€'L
28e'L
98¢
Sov'L
60v°L
€IV’L

L=
o
o
o
-
=) (N
™
S L
(9] A
o - d
- L
-
-9
o <
S
-
s
©
)
o
5 L
a
(@]
N L
T
=
o o
S L
M..\ —
x
= L
Z
T

0LEVC ——

Yv6'8TT
G9/°0CT
eeredt
vyl
V8’9l
056'9¢T
G8¢'8¢T
ver'8et
¥99°8¢T
68.'8¢CT
S9T'6CT ——

88/VET \
8¢/ °GET

YTC9ET
687'9€T
6€6'CrT
8E0'Y9T

[AXWA4Y

3C{"H } NMR (150 MHz, CDCl3)

PPM

S86



PPM
87

=
o
o
9TT'Z - ©
0.9°¢
8/9°¢C L
789°¢C
269°¢
169°¢C L
S0L¢C
¢tL¢
oLt i szee e
260°GE
0/.8¢ =] - oN .
2882 S 218’6y
088°Z G/¥'G9 /
8682 N - 1989/
Y162 oS 6,02
60v'E - L 162°LL
Hw.m . G88'8TT
9Gv'e S | Em.wﬂ
68Lc o 28Y'02T
LBLE o 9£2'€2T
¥08°E ~Y preezT
z18'e €591
618° L 698'v2T
Lege 980°GZT
 gran
LT2°9 g mom.mNH
£vZ9 ZU 7€8°9¢T
009 S i 196'92T
621’9 128°121
s o\
4 9€T'8Z1 —F
10 192'82T
o 9T9'82T
YAXAVA ¢S/.°'8¢T
Tve L 679°6ZT
oL Z99'621
6veL GTZ'EET
MWMM /S6'SET
YXAVA — 1.2 V9T
06¢°L
00€'2 = L Y2 9ET
20e'L o 8EY'9ET
MMM o R 099'E€VT
N .
dy I ¥09'91T
0se’L P L
vSeL 3
1G€°L = )
¥8e°L g -9 g
26€°L z
vy, I |

3C{"H } NMR (150 MHz, CDCl;)




-61.204

9F NMR (565 MHz, CDCl;)

I I I I !
-50 -100 -150 -200 PPM

S88



302

W
=

91T, —

"H NMR (600 MHz, CDCl3, 55 °C)

1.04
/ 103

/100
ok

1.00

J

0 PPM

08.'60T
9V’ 11T
L89'TTT
1424
9¢9'¢cl
8cl'ect
€18'9¢T
888'9¢CT
¥S6°LCT
S60'8¢T
8G5'8¢T
¢L9'8¢1
88¢'6¢1
[AZAVY)
9./°0€T
¢SECET
L9T'9€T
CvS'9ET

880'65T
€EGTIT

GCevol

3C{"H } NMR (100 MHz, CDCl3)

PPM

0

50

100

150

200

S89



-116.099

°F NMR (565 MHz, CDCls, 55 °C)

I I !
-150 -200 PPM

S90



v.TT
T
660
vs0'e
9.0'€
125°€
8vS'€
we's
Sve'sS
T199°S
61€9
09€'9
68€'9
8¢v'9
€159
2¢ss9
V6’9
9869
9€0'L
¥50°L
€L0°L
€IT'L
9TT'L
eeT'L
LET'L
Wil
9GT'L
6STL
202,
12,
veeL
0ge’L
geec’L
LE2°L
6€CL
el
6V,
v§e'L
€L,
L1121
982,
€62,
162,
0Te'L
S1eL
L1€°L
9¢e’L
el
LYEL
V9€'L
18¢L
S8EL

e

969
986'9 -
980L
vS0°L 4
£L0°L
ETTL 4
9IT'L
ZET'L
LET'L
TVT'L
95T,
65T'L
L02°L

STZL u,
v2TL |
0€Z'L
€621
L1
6€z'L
L
6v2'L
vsz'L
€Lz -
s
98z, -
€621 -
1627,
oteL
s1eL
RV
9z€'L
yreL -
Le'L
v9€'L

S

Tt

B

18€L
s8eL -

00

3,01

b

1.02

o

1.03

P

3.14

05
T

2.033:

T

7.4

7.0

7.1

7.2

7.3

"H NMR (400 MHz, CDCl3)

300

1.00

1,00

/

PPM

10

(47227’
LEQ'TCT
T€S'CCT
9ce'ect
G.9'9¢T
€98'9¢1
c08°.¢c1
G88°LCT
6.€'8CT
12S'8¢1
cr9'8¢1
T1.°8CT
89T°0€T
8817'0€T
€98°¢ET
08¥'SET
€0V'9ET
EV6'9ET
€98'EVrT
T6Lvv1

\\\

618697 ——

3C{"H } NMR (150 MHz, CDCls)

PPM

100

S91



¢8T'T
00C'T
8GT°¢
€46/°¢
SLL°¢C
€8L°¢
S08°¢
T4 0R
8€0°€
Evo'e
SG0°€
S0’y
990'Y
.80V
TEE'S
899°G
89¢'9
80€'9
99€'9
90¥'9
819
¥2Ss9
G/6'9
9T0°L
¥§0°L
¢L0’L
T60°L
v0T'L
80T°.
€crTL
9¢T'L
SGT°L
8GT'L
¢LT L
9/T'L
V6T,
112,
lLecL
0€cL
9€C’L
e
99¢’L
¥8¢'L
c0eL
cce’lL
ove’L
aveL
€G6E°L
cLEL

301

3.00

Ph

411
"H NMR (400 MHz, CDCl3)

10

TGEET ——

9.8V ——

wﬂx "

GZL6TT
909'TCT
9T/.'¢cl
L9S'€CT
VASYATAN
9€8'9¢T
181'.CT
¥€6°L2T
10S'8¢T
059'8¢1
9¢2¢’0€T
6EV'0ET

— =
008'Z€T \
L1¥'SET
LE€9ET
8€8'9€T

a

280711
82Lvil
61C /9T ——

3C{"H } NMR (100 MHz, CDCls)

| L ‘

|

il

b

PPM

0

50

100

150

200

S92



T4
0€C'T
eve'T
G86°'T
T98°¢
6.8°C
868'C
916°¢
0cTe
[A4 R
T9T°€
8¢L€
0SL°€
0LL°€
(A%
819G
¥0€9
Yve9
8059
€199
817599
€699
G659
GE9'9
€869
Gc0'L
90’L
€902
8902
660°L
LTT°L
vic'L
6cc’L
veTL
6vc’L
€8¢’L
T0E'L
vieL
6T1€'L
T9€°L
08€’L
eor’L
Ter'L

J

3100

"H NMR (400 MHz, CDCl3)

PPM

ECEVT ——

LV Ve ——

000°¢cT
G85'¢CT
0Ge'ecT
€cL'9cT
€€6'9CT
9€8°L¢T
vv6°LCT
2¢cs'8ct
¥.9°8¢T
7€6°8¢T
18¢€'6CT
6TC°0€T
689°0€T
€8L°¢ET
809'GET
Syv'9ET
€68'9€T
VLT VYT
9T€’L9T
99/.' 711

¢

Ph

3C{"H } NMR (100 MHz, CDCl5)

Ty

PPM

S93



PPM
594

'z
€80°¢ a
cce’e L
919°¢
€29'¢ 1o
0€9°¢
8€9°¢C
£v9'¢ L
059°¢
1G9°¢C |
¥99°¢
L18°¢
ce8’¢ L .
ve8'Z SvZ'Te
€V8'Z = L& 28TTe
s S 26V ve
S o p | see'se
Mwmw o S 952°0S
o

- | o
6CE'E w .
et ~ 2 180'LL
vee o - £62°LL
T9g'E S S0Z'6TT
oere L« TLLTET
sart XANAA
i - Em
ELLE 689'92T
08 € | €8/°92T
882°G = £20'82T
foca page u 156'82T
by 3- i 122621
0l 685621
18€9 —©  ZS¥6cT
e =
16v°9 | =
vzs'9 LSS EET N
20 L 220vET
Mww“w 7 = L6G'SET
190°2 | G59°/€T
€L0°L 196°L€T
5802 o OsewyT
reos = 6EY 79T
St 8 | LESVYT

(@]
LTT°L N
6T1T°L T
62T'L w L
CET'L mnwm\
LETL P |
YAZAVA W
0S¢’ L z | o
8922 E =
c8¢’L

3C{"H } NMR (150 MHz, CDCl3)




5802
9¢C
8v9'C
§59°C
299°C
8992
S.9C
289'C
689°C
1€8°C
98T
8v8'C
858'C
£98'C
28c
s/8¢C
688'C
8zee —
svee ———>
09g'e
SLE'E
Sv.E ———=
€5.°€

09L°€

892¢

SLL'E

28L'e

128'S

62€'S

v95'S

8129
9
vSe'9
08€'9
86Y'9
G259
€069
0€6'9
€569
956'9
896'9
7869

Ve

A

G669
8669
€00°L
190,
080°L
260°L
20T'L
voT'L
viTL
yAR A
TET'L
€ET'L
Tl
SYTL
§S2'L
1827,
962,
20€L
TT€L
0ge'L
SEEL
8EEL
reL
6YEL
SS€°L
85€L
€9€°L

"H NMR (600 MHz, CDCl3)

T
0 PPM

68€'GTT
0€S'STT
€.9'G9TT
9TL'STT
8T8'6TT
128’1l
198°¢C1
0cr'ect
0T6°LCT
9€2'8¢T
¥8¢'8¢T
68€'8¢T
Evy'8cl
69.°8¢1
YvZ 0ET
00€'0€T
LCS'TET
9G¥'¢ET
6.7'CET
VG6°CET
G.6'CET
LEV'SET
el
SCS' vl
9/9'T9T
€0L'T9T
ETEE9T
8EE'E9T
STS'V9T

3C{'H } NMR (150 MHz, CDCl3)

PPM

S95



TSOV1T-
SYO'vTIT-
8E0VTT-
TEOVIT-
6T0VTT-
¢T0viT-
Y00 ¥TT-
8CS'ETT-
LTGETT-
60S'€TT-
00G°€TT-
C6V'ETT-
9LV'ETT-

19F NMR (565 MHz, CDCls)

M

T
-200 PPM

\
-50

S96



180°¢
2¢eo'e
€E9'¢
vv9'e
§59°'¢
€99'¢
v.9¢
¥89'¢
S69°'¢C
L18¢
6€8'¢
€v8'c
1S8'¢
§98'¢
088'¢
€88'¢
S06°¢C
0og'e
2ece’e
8ve'e
0.E°€
8¢l'€
6€L°E
0SL'€
T9.°€
¢ll'e
€8¢
LSE'S
6S€'S
06S'S
LLT'9
FAYAY]
€0r'9
Evy'9
TLV'9
0TS99
296’9
¢00'L
650°L
L1107,
¥60°L
00T'Z
€IT'L
SCT'L
0ET’L
wrL
LvT'L
8T°L
c0c’'L
0gc’L
¢SeL
96¢'L
88¢€'L
90v'L
607°L
lLevL

w7 NN

3(00

"H NMR (400 MHz, CDCl3)

PPM

T6EVC —

v6cLL

LS¥°0CT
T69'TCT
L6/L°TCT
LS8'TCT
¢ceect
LLTECT
688°LCT
181'8¢1
18€'8¢T
¥19°6¢T

86/L'TET
€L2°SET
€0E'SET
€0L°SET
LTCVIT
6vS' 79T

0Ev'vvl

3¢{'"H } NMR (150 MHz, CDCls)

PPM

S97



€80'¢
G59°¢
€99°¢
699'¢
119°C
2¢89°¢
069°¢
969'¢
v0L'¢
ce8’e
Lv8'¢
6v8'¢
658'¢C
98¢
v.8¢
98¢
T68°¢
8¢eE
cre'e
6GE°E
v.IE€E
12L€
GEL'E
[A7R>
0G.°€
JASY >
v9.L'€
TS¥'S
€89'G
Lve'9
V.29
6€S'9
G999
T.S9
8659
G80°L
00T,
90T'L
0TT'L
8TT'L
8ET'L
WwT'L
T6T°L
9GT'L
T9T°L
JASTAVA
cov’L
9T¥’L
e€Sv’L
L9V,
08S°.L
¥95°L
¢LS'L
98G°L

e N

3/00

1.03

1.00

"H NMR (600 MHz, CDCl3)

T
PPM

10

8veEve

¢S0'ecT
0E€T'ECT
€TC’ecT
09¢'ect
¥10°SCT
¢90'9¢T
T0S'SCT
¥¢S'SeT
¥09°GCT
¢c9'scl

995'6¢1T
86S'6CT
08.'6C1
608'6¢T
(4440
STC'TET
¢6C'TET
800°€ET
98T'GET
T08'6ET
€0C'0rT
LECT YT

€99'v91

3C{'"H } NMR (150 MHz, CDCls)

PPM

S98



301

p
J

2.01

4.01

201
U

i

7.20 7.15 7.10 7.05

7.25

"H NMR (600 MHz, CDCl3)

3/03

1.02
1/00 /1/0130

1.00

1.00

/

I 1/00

T

T
0 PPM

10

6.L°€CT
6ET VT
L0SG°.¢T
199°L¢T
8v¥'8¢T
9/9'8¢T
059'8¢T
¥€L8CT
T18'8¢T
S0c'6¢T
T9C°0€T
ZXAY)
G86°¢CET
18Y'SET
G8C'9ET
Sv/L'9€ET
0L0°8€ET
69¢'8€T
9LCvPT
ceEBYIT

[ 4°))

00 O ©
— O O
o
N~ O W
N~~~ ©
H/ /

e

3C{"H } NMR (150 MHz, CDCl3)

PPM

50

\
100

\
150

\
200

S99



H NMR (400 MHz, CDCly)

6|02

3/01

1.02 1.02

1,02

PPM

10

¢S8'TCT
196°¢cT
€TC'eCT
020'SCT
Sv1'6CT
v.v'9¢T
00.'9¢T
€G6/°.CT
¢18'L21
198°/¢1
66.'6CT
688'6¢1
S0C'0€T
LyE0ET
9LE'TET
9¢6'TET
9ESVET
689'vET
08¢'SET
98T'8€T
¢G9'8€T
V8T vvT
9GEYI1

085191

3¢{'H } NMR (100 MHz, CDCl3)

PPM

S100



.00

"H NMR (400 MHz, CDCl3)

1.00 1.02 3{01
VY
1.00  1.00

pa

J

3

)

77

1.03.00

} 1.00
100
.ol 1.021.00

1.00
/]
1.0

2961
6¢L'61
919'v¢

0LE°G€E
G89'06 —

£19'G9
180°91 /
55022

€184
29611
606'TZT
658'22T
189°€2T
18T'52T
980'92T
990'92T
vZ192T
112221

6TL°L2T
628227 /
91Z'62T

S6T0ET — =
862°0ST
0T 0T
628°0€T
¥08'TET
LEE'SET
ZEV'SET
1S9°SET
TE6°GET
€9T'9ET
Ov6'ErT
€82'SYT

y

R—

T9E V9T

3C{"H } NMR (100 MHz, CDCls)

PPM

S101



180T
859°C
999'Z
29T
1897
5897
£69'C
669'C
0T
928'C
We'e
£58°C
158C
6987 ——\\__
qwm.w\

€LE'E
88E'E
£0V'E
8Tr'e %
9zL'e
vEL'E /
ovLe ——N
8vL'e
§5L°€
£9.°€

LIE'S
6LE'S
L09'S
611’9
Ela ]
§55°9
2899
STL9
L9
8869
966'9
200°L
800°L
010°L
€10°L
6T0°L
820°L
950°L
T90°L
890°L
€L0°L
080°L
¥80°L
260°L
cITL
STT'L
SerL
82T'L
CET'L
VET'L
12472
LvT'L
8LTL
08T°L
98T°L
06T°L
00z°L
€02°L
902°L
cteL
STT’L
652°L
9TV'L
8T¥'L
62y,
TEV'L
oL
L
65V,
oL
oLl
vivL
V8L
18V°L

"H NMR (600 MHz, CDCl3)

OPPM

ereve —
L8T'GE

£98°0G /
95559
6€8°9L
050°LL
29T'LL
685'GTT
TvL'GTT M
vE8'STT —
086°STT
955021 M

1€ 1et
€4.°T¢T
986'T¢CT
0€6'¢cT
T8T'€CT
LE0'VCT
850'v¢CT
¢ST'vel
9.TveT
Leevel
0cL'vet
L6L'vCT
8¢G'G¢T
818°L¢T
8.1
9/8°/¢T
G68°L¢CT
G80°6¢T
8¥T'6¢T
0CE0ET
LES'TET
66.°CET
GZ8'CET
LVE'SET
09C'v¥1
Ly8' YY1
¢8S'6S1
L19'6ST
9€C'T9T
VEETIT
G617 V9T

e

3C{"H } NMR (150 MHz, CDClj)

PPM

S5102



Y6y LTT-
Y8y LTT-
0LV’ LTT-

€V’ LTT-
oSy L1T-
8¢L91T-

M

9F NMR (565 MHz, CDCls)

T
-200 PPM

5103



VIl. NMR spectra of 5a-5d
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VIIl. NMR spectra of 6a-6e
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IX. NMR spectra of 7a-7e
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X. NMR spectra of 8-9
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XI. X-ray crystal structure and data of 3d

Figure S1 X-ray crystal structure of 3d with 50% ellipsoid probability

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow

evaporation of the solvent from a dichloromethane solution of 3d. Crystal data collection and refinement

parameters of 3d are summarized in Table S1. Intensity data were collected at 293 K on a SuperNova Dual

diffractometer using mirror-monochromated Cu Ka radiation, A = 1.54184 A. The data were corrected for

decay, Lorentz, and polarization effects as well as absorption and beam corrections based on the multi-scan

technique. Using Olex2, the structure was solved with the SHELXS structure solution program using Direct

Methods and refined with the SHELXL refinement package using Least Squares minimisation. Nonhydrogen

atoms were refined with anisotropic displacement parameters. The H-atoms were either located or calculated

and subsequently treated with a riding model.

Table S1 Crystallographic data and structure refinement results of 3d

Empirical formula C19H17BrN20
Formula weight 369.25
Temp, K 293(2)
Crystal system monoclinic
Space group C2lc

a, A 31.6641(9)
b, A 7.1775(2)

c, A 15.5658(4)
a (9 90

B9 102.601(3)
y (9 920

Volume, A3 3452.41(17)
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Z 8

Pealc, g cm 3 1.421
A 1.54184
u, mmt 3.283
No. of data collected 7106
No. of unique data 3291
Rint 0.0233
Goodness-of-fit on F2 1.127

R1, WR2 (I> 24(1))

0.0511, 0.1304

R1, WR: (all data)

0.0601, 0.1361
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