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1 General information

All reactions were carried out under an Ar atmosphere in oven-dried glassware
with magnetic stirring, unless otherwise specified. Dichloromethane was purified by
passage through a bed of activated alumina. All other reagents and solvents were
purchased from Energy Chemical or J&K Chemical Company and used without any
further purification. Powdered 4 A molecular sieves (MS 4A) were dried at 400°C under
a vacuum prior to use. TLC information was recorded on GF 254 plates (Qingdao
Haiyang Chemical Co. Ltd., P. R. China) and developed by staining with KMnO, or
ceric ammonium molybdate (CAM). Purification of reaction products were carried out
by flash chromatography with silica gel (200-300 mesh, Qingdao Haiyang Chemical
Co. Ltd., P. R. China). Melting points were measured with X-4 digital display micro-
melting point detector. '"H NMR spectra were measured on Varian 400 (400 MHz)

spectrometers and reported in ppm (s = singlet, d = doublet, t = triplet, q = quartet, m =



multiplet, br =broad; integration; coupling constant(s) in Hz), using TMS as an internal
standard (TMS at 0.00 ppm) in CDCl;. 13C NMR spectra were recorded on V400
spectrometer and reported in ppm using solvent as an internal standard (CDCl; at 77.16
ppm). High-resolution mass spectra were obtained using an Agilent 6230 TOF LC/MS
with an (atmospheric pressure photo-ionization (APPI) or electrospray (ESI) source
with purine and HP-0921 as an internal calibrants. HR-EI-MS were performed on an
API-Qstar-Pulsar-1 spectrometer. HPLC was Agilent Technologies 1260 infinity II. IR
spectra were obtained using a Perkin Elmer FT-IR spectrometer (Spectrum Two) with

KBr pellets.

a) Preparation of 2-arylideneindane-1,3-dione 1!

A 50 mL Schlenk flask, equipped with a magnetic stirring bar, was sequentially
charged with a solution of 1,3-indanedione (1.5 g, 10 mmol), L-proline (349.0 mg, 0.3
equiv) and benzaldehyde (2.0 g, 1.1 equiv) in methanol (20 mL). The reaction mixture
was stirred for 12 hours at room temperature. Then the resulting mixture was purified
using vacuum-filtration and eluted by flash chromatography (petroleum ether/EtOAc =

5:1) furnished 1 as yellow solid.

©/CHO L-proline
+ >
MeOH, Ar, rt

0O

b) Preparation of Dimethyl(2-oxo-2-phenylethyl)sulfonium bromide 2
Dimethyl sulfide (0.34 mL, 4.6 mmol) was added to a rapidly stirred solution of

the bromoacetophenone (0.92 g, 4.6 mmol) in acetone (3 mL) at rt and the mixture was
stirred for 24 hours at room temperature. After reaction, filtration, the filter cake was
washed several times with acetone, and then dried under vacuum for 4 hours at 40°C.

The resulting colorless solid was the product 2.
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¢) Preparation of 2-benzylidenebenzofuran-3(2H)-one 10 2

To a solution of benzofuran-3(2H)-one (1.0 mmol) and benzaldehyde (1.0 mmol)
in dichloromethane (6 mL) was added aluminum oxide (30.0 mmol) at room
temperature. After stirring for 6 h, the reaction mixture was filtered off. The filtrate was
concentrated under vacuum and the residue was purified by flash chromatography on

silica gel to give the desired compound 10.

o) Al,O3 0 Ph
@ +  PhCHO DCM, rt @{4

@) 0
10

2 General procedure for the preparation of 3

Under Ar atmosphere, to a solution of 2-arylideneindane-1,3-dione 1 (0.22 mmol)
and dimethyl(2-oxo-2-phenylethyl)sulfonium bromide 2 (0.26 mmol) in HFIP (2.0 mL)
was added Et;N (0.03 mL, 0.26 mmol). The resulting mixture was stirred at rt for a
specified time. The reaction was monitored by TLC spectroscopy. After the reaction
was completed, the solvent was then removed on a rotary evaporator at reduced
pressure and the residue was subjected to column chromatographic isolation on silica

gel (eluted with petroleum ether/EtOAc 20:1-5:1) to give the annulation product 3.

3 The experimental results

Table 1. Optimization of Reaction Conditions. ?

0 O ph
0] | -
gBr base
p— + \ .,
Ph + solvet, r.t. 2
Ph /—Ph
o/
(0] 0]
1a 2a 3aa
Entry Base Solvent dr.® Yield (%) ©

1 Cs,CO; MeCN 20:3 51



2 Cs,CO3 HFIP 20:4 72
3 Cs,CO3 DCM 20:6 52
4 Cs,CO3 DCE 20:6 48
5 Cs,CO3 EtOAc 20:3 52
6 Cs,CO3 MeOH >20 :1 63
7 Cs,CO3 THF 20:2 60
8 Cs,CO3 EtOH >20:1 54
9 Cs,CO; 1,4-Dioxane 20:4 59
10 Cs,CO3 TFE >20:1 24
11 Cs,CO3 CHCl; 20:5 63
12 Na,CO, HFIP 20:6 37
13 K,CO;3 HFIP 20:8 17
14 Et;N HFIP >20:1 814
15 NaHCO; HFIP 20:6 24
16 NaOH HFIP >20: 1 63
17 NaOAc HFIP 20: 11 50
18 Pyridine HFIP 20:4 32
19 Piperidine HFIP >20:1 46
20 DMAP HFIP 20:2 50
21 DBU HFIP >20:1 38
22 Et;N MeCN 20:4 60
23 Et;N DCM >20:1 51
24 Et;N DCE 20:8 43
25 Et;N EtOAc >20: 1 54
26 Et;N MeOH >20:1 45
27 Et;N THF >20:1 54
28 Et;N EtOH >20:1 45
29 Et;N 1,4-Dioxane >20:1 70
30 Et;N TFE 4:20 24
31 Et;N CHCl; >20:1 42

a Reaction conditions: 1a (0.22 mmol) with 2a (0.26 mmol) and base (0.26 mmol) in 2 mL solvent.
b Diastereomeric ratio (d.r.) was determined by '"H NMR analysis. ¢ NMR yield; they were
determined by 'H spectra using 1,3,5-trimethoxybenzene as an internal standard. ¢ Yield of isolated

product.

Table 2. Substrate Scope for Spiro-Cyclopropanation. 2

0 O R,
* )(J)\/éBr_ Sk > ’
— R +\ ’//
R1 2 HFIP, rt o) //_Rz
o) O
1 2 3

Entry R, R, Product dr.?b Yield (%) ¢




1 Ph Ph 3aa >20:1 81
2 0-MePh Ph 3ab >20:1 79
3 m-MePh Ph 3ac >20:1 43
4 p-MePh Ph 3ad >20:1 59
5 0-MeOPh Ph 3ae >20:1 79
6 m-MeOPh Ph 3af >20:1 97
7 p-MeOPh Ph 3ag >20:1 59
8 2,5-MeOPh Ph 3ah >20:1 96
9 p-'BuPh Ph 3ai >20:1 85
10 p-MeSPh Ph 3aj >20:1 59
11 0-CIPh Ph 3ak >20:1 94
12 m-CIPh Ph 3al >20:1 73
13 p-CIPh Ph 3am >20:1 61
14 2,4-CIPh Ph 3an >20:1 70
15 m-NO,Ph Ph 3ao >20:1 60
16 p-NO,Ph Ph 3ap >20:1 83
17 2-Furyl Ph 3aq >20:1 44
18 2-Thienyl Ph 3ar 20:7 34
19 3-Pyridinyl Ph 3as 20:4 76
20 1-Naphthyl Ph 3at 20:4 42
21 3-Phenylpropynyl Ph 3au >20:1 71
22 3-Phenylpropenal Ph 3av >20:1 60
23 Cyclohexyl Ph 3aw 20:3 88
24 Ph p-MePh 3ba 20:2 94
25 Ph p-MeOPh 3ca >20:1 36
26 Ph m-CIPh 3da 20:2 58
27 Ph p-BrPh 3ea >20:1 89
28 Ph 0-NO,Ph 3fa >20:1 31
29 Ph m-NO,Ph 3ga >20:1 71
30 Ph p-CNPh 3ha >20:1 97
31 Ph 2-Thienyl 3ia 20:7 66
32 Ph 2-Naphthyl 3ja 20:2 95
33 Ph Me 3ka >20:1 67
34 Ph Et 3la >20:1 95
35 Ph OEt 3ma 20:9 45
o o Ph
36 %Ph ©;2<r 3na 20:18 31
0 o g Ph

a Reaction conditions: 1 (0.22 mmol) with 2 (0.26 mmol) and Et;N (0.26 mmol) in 2 mL HFIP. b
Diastereomeric ratio (dr) was determined with the help of NMR. ¢ Isolated yield after column

chromatography purification.



4 Structural characterization

O pp (2S,3R)-2-benzoyl-3-phenylspiro[cyclopropane-1,2'-indene]-1',3'-dione
(3aa)

5 ;—Ph White solid, 81%, m.p. = 122-124°C, d.r.=>20:1; IR (KBr) vjax = 3061,
o 1707, 1676, 1596, 1286, 1212, 749, 731, 694 cm’'. '"H NMR (400 MHz,
CDCl3) 6 7.96-7.94 (m, 2H), 7.91-7.87 (m, 2H), 7.80-7.76 (m, 2H), 7.56-7.53 (m, 1H), 7.42-7.31
(m, 7H), 4.30 (d, 1H, J= 9.5 Hz), 4.23 (d, 1H, J= 9.5 Hz); 3C NMR (100 MHz, CDCl;) § 194.43,
194.19, 190.60, 142.03, 141.95, 136.09, 135.28, 135.18, 133.82, 132.31, 129.22, 128.89, 128.46, 128.40,
128.22, 123.08, 122.89, 47.38, 42.43, 40.73. HR-EI-MS (positive) m/z 375.0994 [M+Na]" (calcd for

C24H] 6O3Na 375 0997)

(2S,3R)-2-benzoyl-3-(o-tolyl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3ab)
’4 Me White solid, 79%, m.p. = 106-107°C, d.r.=>20:1; IR (KBr) vjax = 3056,
0 ;—Ph 2924, 1707, 1692, 1594, 1273, 1219, 742 cm’'. 'H NMR (400 MHz,
© CDCl3) 6 7.96-7.92 (m, 2H), 7.90-7.87 (m, 2H), 7.81-7.78 (m, 2H), 7.55-
7.51 (m, 1H), 7.42-7.37 (m, 3H), 7.25-7.24 (m, 2H), 7.13-7.11 (m, 1H), 4.28 (d, 1H, J= 9.5 Hz),
4.16 (d, 1H, J=9.5 Hz), 2.02 (s, 3H); *C NMR (100 MHz, CDCL;) 5 194.62, 193.89, 190.81, 141.84,

141.55,138.03, 136.22, 135.36, 135.30, 133.82, 131.26, 130.10, 128.91, 128.73, 128.45, 128.37, 125.91,
123.09, 122.88, 46.73, 40.95, 40.71, 19.64. HR-EI-MS (positive) m/z 389.1159 [M+Na]* (calcd for
C24H16O3Na 389.1 154)

(2S,3R)-2-benzoyl-3-(m-tolyl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3ac)

White solid, 43%, m.p. = 125-127°C, d.r.= >20:1; IR (KBr) vp.x =
3018, 2919, 1706, 1677, 1594, 1285, 1223, 761, 741, 691 cm™!. 'H
NMR (400 MHz, CDCl;) § 7.96-7.94 (m, 2H), 7.90-7.87 (m, 2H), 7.80-
7.76 (m, 2H), 7.55-7.52 (m, 1H), 7.42-7.38 (m, 2H), 7.25-7.21 (m, 1H), 7.17-7.11 (m, 3H), 4.28 (d,

1H, J=9.5 Hz), 4.20 (d, 1H, J=9.5 Hz), 2.34 (s, 3H); 1*C NMR (100 MHz, CDCl5) 8 194.60, 194.33,
190.80, 142.17, 142.11, 138.17, 136.26, 135.33, 135.24, 133.88, 132.32, 130.12, 129.15, 128.99, 128.58,
128.35, 126.30, 123.17, 122.99, 47.55, 42.69, 40.91, 21.51. HR-EI-MS (positive) m/z 389.1157
[M+Na]* (calcd for C,4H;¢03Na 389.1154).

Me  (2S,3R)-2-benzoyl-3-(p-tolyl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3ad)




White solid, 59%, m.p. = 109-110°C, d.r.= >20:1; IR (KBr) vin,x = 3029, 2923, 2856, 1704, 1594,
1282, 1225, 1085, 816, 731 cm!. 'H NMR (400 MHz, CDCl3) 8 9.96-7.94 (m, 2H), 7.90-7.87 (m,
2H), 7.79-7.75 (m, 2H), 7.55-7.52 (m, 1H), 7.42-7.38 (m, 2H), 7.25 (d, 2H, J= 8.2 Hz), 7.15 (d, 2H,
J= 8.2 Hz), 4.28 (d, 1H, J= 9.5 Hz), 4.20 (d, 1H, J= 9.5 Hz), 2.34 (s, 3H); 3C NMR (100 MHz,
CDCl3) & 194.61, 194.40, 190.81, 142.18, 142.08, 138.14, 136.26, 135.31, 135.20, 133.87, 129.32,
129.24,129.18, 128.98, 128.58, 123.14, 122.95, 47.65, 42.71, 40.94, 21.38. HR-EI-MS (positive) m/z
389.1157 [M+Na]* (calcd for C,4H;6s03sNa 389.1154).

(25,3R)-2-benzoyl-3-(2-methoxyphenyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ae)
’4 OMe White solid, 79%, m.p. = 118-119°C, d.r.=>20:1; IR (KBr) vy.x = 3003,
o) ;—Ph 2939, 2837, 1705, 1683, 1279, 1252, 754, 744 cm!. "H NMR (400 MHz,
© CDCl;) 6 7.96-7.95 (m, 2H), 7.91-7.86 (m, 2H), 7.79-7.77 (m, 2H),
7.54-7.50 (m, 1H), 7.41-7.37 (m, 3H), 7.32-7.27 (m, 1H), 7.02-6.96 (m, 1H), 6.76-6.74 (m, 1H),
4.11 (d, 1H, J/=9.5 Hz), 4.03 (d, 1H, J= 9.5 Hz), 3.34 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 195.19,

194.02,191.33,158.10, 142.07, 142.04, 136.41, 134.92, 134.88, 133.72, 130.04, 129.59, 128.89, 128.50,
122.98,122.44,121.99, 120.53, 110.08, 54.96, 46.44, 40.82, 37.81. HR-EI-MS (positive) m/z 405.1107
[M+Na]* (calcd for CysH;304Na 405.1103).

OMe (2S,3R)-2-benzoyl-3-(3-methoxyphenyl)spiro[cyclopropane-1,2'-

(0]
. 4 indene]-1',3'-dione (3af)
“ White solid, 97%, m.p. = 99-101°C, d.r.= >20:1; IR (KBr) vyax =
o) 3059, 2943, 2840, 1705, 1680, 1592, 1254, 1224, 1036, 764, 732,

689 co!. 'H NMR (400 MHz, CDCls) § 7.96-7.93 (m, 2H), 7.90-7.88 (m, 2H), 7.79-7.77 (m, 2H),
7.55-7.51 (m, 1H), 7.42-7.38 (m, 2H), 7.27-7.23 (m, 1H), 6.94-6.83 (m, 3H), 4.27 (d, 1H, J= 9.5
Hz), 4.20 (d, 1H, J= 9.5 Hz), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl;) 5 194.48, 194.16, 190.64,
159.63, 142.11, 136.23, 135.34, 135.27, 133.99, 133.87, 129.46, 128.55, 123.15, 122.98, 121.61, 115.09,
113.76, 55.36, 47.49, 42.52, 41.01. HR-EI-MS (positive) m/z 405.1107 [M+Na]* (calcd for
C,sH,50,Na 405.1103).

OMe (28S,3R)-2-benzoyl-3-(4-methoxyphenyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ag)

White solid, 59%, m.p. = 103-105°C, d.r.=>20:1; IR (KBr) v, = 3065,
2959, 2923, 1704, 1518, 1449, 1260, 1086, 1030, 804, 735 cm™'. 'H
NMR (400 MHz, CDCl;) & 7.96-7.94 (m, 2H), 7.89-7.86 (m, 2H), 7.79-




7.74 (m, 2H), 7.55-7.51 (m, 1H), 7.42-7.38 (m, 2H), 7.31-7.29 (m, 2H), 6.88-6.85 (m, 2H), 4.27 (d,
1H, J= 9.5 Hz), 4.16 (d, 1H, J= 9.5 Hz), 3.79 (s, 3H); *C NMR (100 MHz, CDCls) 5 194.59, 194.42,
190.82, 159.58, 142.21, 142.07, 136.26, 135.29, 135.19, 133.89, 130.46, 128.99, 128.58, 124.28, 123.13,
122.92, 113.92, 55.38, 47.85, 42.74, 41.06. HR-EI-MS (positive) m/z 405.1107 [M+Na]* (calcd for
C,sH,50,Na 405.1103).

MeO (2S,3R)-2-benzoyl-3-(2,5-dimethoxyphenyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ah)

White solid, 96%, m.p. = 34-36°C, d.r.=>20:1; IR (KBr) vy, = 3094,

’4 OMe 2939, 2836, 1704, 1672, 1497, 1279, 1051, 801, 724 cm™'. '"H NMR (400

o) }_Ph MHz, CDCl;) 6 7.97-7.95 (m, 2H), 7.91-7.87 (m, 2H), 7.80-7.76 (m,

° 2H), 7.54-7.51 (m, 1H), 7.42-7.38 (m, 2H), 6.95-6.84 (m, 1H), 6.83-

6.80 (m, 1H), 6.68-6.65 (m, 1H), 4.07 (d, 1H, J=9.5 Hz), 4.00 (d, 1H, J=9.5 Hz), 3.79 (s, 3H), 3.28

(s, 3H); 3C NMR (100 MHz, CDCl;) 8 195.15, 194.00, 191.31, 153.53, 152.33, 142.20, 142.06, 136.42,
134.96, 134.89, 133.77, 128.94, 128.55, 123.06, 123.00, 122.48, 116.43, 114.02, 110.93, 55.94, 55.38,
46.46,40.96, 37.67. HR-EI-MS (positive) m/z 435.1207 [M+Na]" (calcd for CysH,,OsNa 435.1208).

'Bu (2S,3R)-2-benzoyl-3-(4-isopropylphenyl)spiro[cyclopropane-1,2'-

indene]-1',3'-dione (3ai)

White solid, 85%, m.p. = 98-100°C, d.r.=>20:1; IR (KBr) vy, = 3059,

’4 2921, 2850, 1705, 1594, 1448, 1278, 1222, 1089, 743, 726 cm’!. 'H
o) }}—Ph NMR (400 MHz, CDCls) 6 7.96-7.94 (m, 2H), 7.90-7.88 (m, 2H), 7.79-

© 7.75 (m, 2H), 7.55-7.51 (m, 1H), 7.42-7.30 (m, 6H), 4.28 (d, 1H, J=9.5

Hz), 4.16 (d, 1H, J= 9.5 Hz), 1.31 (s, 9H); 3C NMR (100 MHz, CDCl;) 5 194.61, 194.37, 190.80,
151.27,142.17, 136.33, 135.28, 135.18, 133.84, 129.42, 128.98, 128.60, 125.47, 123.15, 122.96, 47.82,
42.90,41.21, 34.75. HR-EI-MS (positive) m/z 431.1622 [M+Na]" (calcd for CpgH,40;Na 431.1623).

SMe  (2S,3R)-2-benzoyl-3-(4-(methylthio)phenyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3aj)

White solid, 59%, m.p. = 124-126°C, d.r.=>20:1; IR (KBr) v, = 3048,

.4 2987, 2924, 2852, 1704, 1678, 1594, 1282, 1228, 1084, 817, 752, 736

b /—Ph el 'H NMR (400 MHz, CDCly) 8 7.95-7.93 (m, 2H), 7.90-7.87 (m,

© 2H), 7.80-7.75 (m, 2H), 7.55-7.51 (m, 1H), 7.42-7.38 (m, 2H), 7.30-

7.26 (m, 2H), 7.21-7.19 (m, 2H), 4.26 (d, 1H, J=9.5 Hz), 4.17 (d, 1H, J=9.5 Hz), 2.47 (s, 3H); 13C

NMR (100 MHz, CDCl3) 8 194.37, 194.25, 190.61, 142.18, 142.05, 138.93, 136.23, 135.37, 135.27,




133.91, 129.69, 128.99, 128.56, 126.28, 123.17, 122.95, 47.66, 42.40, 40.87, 15.67. HR-EI-MS
(positive) m/z 421.0873 [M+Na]" (caled for CpsHs03SNa 421.0874).

(2S,3S)-2-benzoyl-3-(2-chlorophenyl)spiro[cyclopropane-1,2'-indene]-

1',3'-dione (3ak)
.4 cl White solid, 94%, m.p. = 83-85°C, d.r.= >20:1; IR (KBr) vy = 3065,
O ;—Ph 2922, 2850, 1706, 1688, 1449, 1280, 753, 737 cml. 'H NMR (400 MHz,
© CDCl;) 0 7.95-7.88 (m, 4H), 7.81-7.76 (m, 2H), 7.55-7.51 (m, 1H), 7.48-
7.46 (m, 1H), 7.41-7.38 (m, 2H), 7.35-7.28 (m, 3H), 4.21-4.16 (m, 2H); *C NMR (100 MHz, CDCl;)
6 194.31, 194.01, 190.55, 142.08, 141.75, 136.14, 135.96, 135.37, 135.28, 133.94, 131.51, 130.66,

129.63, 129.33, 128.99, 128.47, 126.87, 123.18, 122.91, 46.33, 40.62, 39.36. HR-EI-MS (positive) m/z
409.0606 [M+Na]* (calcd for Co4H,505CINa 409.0607).

(2S,3R)-2-benzoyl-3-(3-chlorophenyl)spiro[cyclopropane-1,2'-indene]-

O 1',3'-dione (3al)
’4 White solid, 73%, m.p. =103-105°C, d.r.= >20:1; TR (KBr) Vo =
5 j—Ph 3068, 2925, 2856, 1707, 1686, 1595, 1277, 1216, 733, 689 cm!. 'H
o

NMR (400 MHz, CDCls) 6 7.94-7.88 (m, 4H), 7.81-7.79 (m, 2H), 7.56-
7.52 (m, 1H), 7.42-7.36 (m, 3H), 7.29-7.24 (m, 3H), 4.25 (d, 1H, J= 9.5 Hz), 4.18 (d, 1H, J=9.5
Hz); 3C NMR (100 MHz, CDCl3) & 194.10, 194.06, 190.26, 142.13, 142.00, 136.08, 135.56, 135.44,
134.54, 134.42, 134.01, 129.70, 129.53, 129.03, 128.53, 127.48, 123.29, 123.11, 47.16, 41.14, 40.63.
HR-EI-MS (positive) m/z 409.0606 [M+Na]" (calcd for C,4H;503;CINa 409.0607).

Cl (2S,3R)-2-benzoyl-3-(4-chlorophenyl)spiro[cyclopropane-1,2'-indene]-
1',3'-dione (3am)

White solid, 61%, m.p. = 110-111°C, d.r.=>20:1; IR (KBr) vy = 3063,
2923,2852, 1706, 1596, 1468, 1289, 1220, 734 cm™'. 'TH NMR (400 MHz,
CDCl;) 0 7.93-7.89 (m, 4H), 7.80-7.78 (m, 2H), 7.56-7.52 (m, 1H), 7.42-
7.33 (m, 2H), 7.30 (s, 4H), 4.25 (d, 1H, J= 9.5 Hz), 4.18 (d, 1H, J=9.5

}—Ph
o)

@)

Hz); 3C NMR (100 MHz, CDCl;) & 194.19, 194.17, 190.35, 142.13, 141.96, 136.09, 135.53, 135.40,
134.23, 134.00, 130.97, 130.64, 129.02, 128.72, 128.52, 123.26, 123.03, 47.31, 41.38, 40.76. HR-EI-
MS (positive) m/z 409.0606 [M+Na]* (calcd for C4H;503CINa 409.0607).

Cl (25,35)-2-benzoyl-3-(2,4-dichlorophenyl)spiro[cyclopropane-1,2'-indene]-
1',3'-dione (3an)




White solid, 70%, m.p. = 120-121°C, d.r.= >20:1; IR (KBr) vin.x = 3074, 2920, 2848, 1705, 1684,
1291, 1205, 736, 695, 574 cm™!. 'TH NMR (400 MHz, CDCl3) § 7.92-7.89 (m, 4H), 7.83-7.78 (m, 2H),
7.55-7.52 (m, 1H), 7.42-7.38 (m, 3H), 7.32-7.29 (m, 2H), 4.15 (d, 1H, J=9.5 Hz), 4.12 (d, 1H, J=
9.5 Hz); BCNMR (100 MHz, CDCl;)  193.98, 193.94, 190.24, 142.06, 141.65, 136.58, 136.04, 135.55,
135.42, 134.89, 134.05, 131.47, 130.24, 129.31, 129.03, 128.46, 127.27, 123.28, 122.98, 46.18, 40.50,
38.42. HR-EI-MS (positive) m/z 443.0216 [M+Na]* (calcd for Co4H;403Cl,Na 443.0218).

(2S,3R)-2-benzoyl-3-(3-nitrophenyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ao0)

White solid, 60%, m.p. = 119-121°C, d.r.=>20:1; IR (KBr) vy =
3067, 2918, 2850, 1700, 1677, 1530, 1351, 1281, 754, 742, 731
cm’!. "TH NMR (400 MHz, CDCl5) & 8.25-8.17 (m, 2H), 7.93-7.88 (m,
4H), 7.85-7.80 (m, 2H), 7.71-7.69 (m, 1H), 7.57-7.51 (m, 2H), 7.43-7.39 (m, 2H), 4.31 (d, 1H, J=

9.5 Hz),4.28 (d, 1H, J=9.5 Hz); B3C NMR (100 MHz, CDCl3) 4 194.05, 193.62, 189.81, 148.28, 142.16,
141.87,135.95, 135.84, 135.64, 135.45, 134.78, 134.17, 129.47, 129.10, 128.52, 124.39, 123.45, 123.27,
123.18, 46.86, 40.54, 39.97. HR-EI-MS (positive) m/z 420.3758 [M+Na]* (calcd for C4H;sOsNNa
420.3758).

NO, (28S,3R)-2-benzoyl-3-(4-nitrophenyl)spiro[cyclopropane-1,2'-indene]-
1',3'-dione (3ap)
White solid, 83%, m.p. = 165-167°C, d.r.=>20:1; IR (KBr) v, = 3028,
’4 2956, 2924, 2853, 1703, 1678, 1518, 1344, 1280, 1077, 792, 729 cm"'.
0 }}—Ph 'H NMR (400 MHz, CDCl;) § 8.22-8.20 (m, 2H), 7.93-7.89 (m, 4H),
° 7.85-7.80 (m, 2H), 7.58-7.54 (m, 3H), 7.43-7.39 (m, 2H), 4.29 (d, 1H,
J=9.5 Hz), 4.27 (d, 1H, J= 9.5 Hz); 3C NMR (100 MHz, CDCl;) § 193.97, 193.58, 189.79, 147.73,

142.14, 141.87, 140.08, 135.94, 135.89, 135.69, 134.22, 130.35, 129.13, 128.52, 123.71, 123.48, 123.22,
47.10, 40.68, 40.23. HR-EI-MS (positive) m/z 420.3758 [M-+Na]* (caled for CysH;505NNa
420.3758).

(2S,3S)-2-benzoyl-3-(furan-2-yl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3aq)

Yellow oil, 44%, d.r.= >20:1; IR (KBI) Vpmax = 3068, 2926, 1710, 1595,
5 }—ph 1448, 1278, 1225, 731, 693 cm'. 'H NMR (400 MHz, CDCl3) § 7.95-7.93

© (m, 2H), 7.89-7.87 (m, 2H), 7.80-7.76 (m, 2H), 7.56-7.52 (m, 1H), 7.42-
7.37 (m, 3H), 6.44-6.38 (m, 2H), 4.22 (d, 1H, J= 9.5 Hz), 4.07 (d, 1H, J= 9.5 Hz); 13C NMR (100



MHz, CDCls) § 193.80, 193.49, 189.96, 147.25, 142.98, 142.17, 142.03, 136.07, 135.41, 135.34, 133.98,
129.00, 128.58, 123.22, 123.06, 110.92, 110.04, 46.20, 40.01, 34.35. HR-EI-MS (positive) m/z
365.0792 [M+Na]* (calcd for C,,H 404Na 365.0790).

(2S,3S)-2-benzoyl-3-(thiophen-2-yl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3ar)

Yellow solid, 34%, m.p. = 112-114°C, d.r.=20:7; IR (KBr) v.x = 3064,
O ;—Ph 2913, 1706, 1678, 1594, 1283, 1221, 1002, 734, 694 cm™'. '"H NMR (400
© MHz, CDCl3) & 7.95-7.90 (m, 2H), 7.89-7.87 (m, 2H), 7.80-7.76 (m, 2H),

7.56-7.52 (m, 1H), 7.43-7.39 (m, 2H), 7.27-7.25 (m, 1H), 7.14-7.12 (m, 1H), 7.01-6.99 (m, 1H),
4.27 (d, 1H, J= 9.5 Hz), 4.23 (d, 1H, J= 9.5 Hz); *C NMR (100 MHz, CDCL;) & 193.94, 193.50,
190.06, 142.17, 142.01, 136.07, 135.42, 135.41, 135.35, 133.97, 129.00, 128.58, 128.04, 127.12, 126.11,
123.20, 123.05, 47.61, 42.33, 37.24. HR-EI-MS (positive) m/z 381.0560 [M+Na]* (calcd for
C,,H;405SNa 381.0561).

(2S,3R)-2-benzoyl-3-(pyridin-3-yl)spiro[cyclopropane-1,2'-indene]-1',3'-
dione (3as)

Yellow oil, 76%, d.r.=20:4; IR (KBr) v, = 3065, 2907, 2850, 1707, 1541,
o) ;—Ph 1231, 731 cm'. '"H NMR (400 MHz, CDCl3) 8 8.59 (s, 1H), 8.52-8.50 (m,
© 1H), 7.89-7.73 (m,7H), 7.52-7.48 (m, 1H), 7.38-7.27 (m, 3H), 4.26 (d, 1H,

J=9.5 Hz), 4.16 (d, 1H, J= 9.5 Hz); 3C NMR (100 MHz, CDCl;) & 193.95, 193.73, 189.95, 150.35,
148.85, 142.05, 141.81, 136.81, 135.95, 135.64, 135.48, 134.00, 128.97, 128.41, 123.26, 123.04, 46.64,
40.08, 38.55. HR-EI-MS (positive) m/z 376.0952 [M+Na]* (calcd for C,3H;50;NNa 376.0950).

(28,3R)-2-benzoyl-3-(naphthalen-1-yl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3at)

White solid, 42%, m.p. = 62-64°C, d.r.= 20:4; IR (KBr) vy = 3065,
1707, 1595, 1282, 1221, 776, 737 cm™'. 'H NMR (400 MHz, CDCl;) &

8.01-7.95 (m, 3H), 7.86-7.73 (m, 5H), 7.66-7.64 (m, 1H), 7.59-7.49
(m, 3H), 7.44-7.38 (m, 3H), 7.29-7.24 (m, 1H), 4.62 (d, 1H, J=9.5 Hz), 4.41 (d, 1H, J= 9.5 Hz); 1’C
NMR (100 MHz, CDCl3) & 194.98, 193.79, 190.95, 142.08, 141.83, 136.35, 135.37, 135.33, 133.95,
133.69, 132.92, 129.19, 129.07, 129.04, 128.87, 128.60, 126.88, 126.81, 125.99, 125.22, 123.19, 123.00,
47.02, 41.13, 39.83. HR-EI-MS (positive) m/z 425.1153 [M+Na]* (calcd for CosH sOsNa 425.1154).

Q (2S,3R)-2-benzoyl-3-(phenylethynyl)spiro[ cyclopropane-1,2'-indene]-




1',3'-dione (3au)

Yellow oil, 71%, d.r.=>20:1; IR (KBr) vu.x = 3060, 2919, 2850, 2183, 1695, 1690, 1353, 1219,
967, 734 cm!'. '"H NMR (400 MHz, CDCl;) 8 8.07-8.05 (m, 1H), 7.94-7.78 (m, 5H), 7.56-7.52 (m,
1H), 7.49-7.47 (m, 2H), 7.43-7.39 (m, 2H), 7.32-7.29 (m, 3H), 3.98 (d, 1H, J=9.5 Hz), 3.64 (d, 1H,
J= 9.5 Hz); 3C NMR (100 MHz, CDCl;) & 193.26, 192.62, 189.26, 142.12, 142.11, 135.82, 135.43,
135.40, 133.92, 131.99, 128.90, 128.57, 128.47, 128.30, 123.20, 123.13, 122.42, 84.22, 82.78, 45.42,
42.62,25.95. HR-EI-MS (positive) m/z 399.0996 [M+Na]* (calcd for C¢H1603Na 399.0997).

(2S,3S)-2-benzoyl-3-((E)-styryl)spiro[cyclopropane-1,2'-indene]-
1',3'-dione (3av)
Yellow oil, 60%, d.r.=>20:1; IR (KBr) vj,ax = 2956, 2918, 2850, 1719,
; 1682, 1578, 1468, 977, 734 cm’!'. '"H NMR (400 MHz, CDCl;) & 8.01-
] O;_Ph 7.99 (m, 1H), 7.93-7.87 (m, 3H), 7.83-7.76 (m, 2H), 7.55-7.51 (m,
1H), 7.43-7.38(m, 4H), 7.34-7.30 (m, 2H), 7.25-7.23 (m, 2H), 6.81-
6.77 (m, 1H), 6.56-6.49 (m, 1H), 3.92 (d, 1H, J=9.5 Hz), 3.74 (dd, 1H, J= 9.5 Hz, J= 7.8 Hz); 3C
NMR (100 MHz, CDCl3) & 195.52, 194.22, 190.38, 142.52, 141.95, 136.43, 136.26, 135.48, 135.46,

135.24, 133.87, 128.97, 128.79, 128.62, 128.17, 126.58, 123.20, 122.96, 122.47, 47.11, 43.26, 42.11.
HR-EI-MS (positive) m/z 401.1153 [M+Na]* (calcd for CoH;3sO3Na 401.1154).

(2S,3S)-2-benzoyl-3-cyclohexylspiro[cyclopropane-1,2'-indene]-1',3'-

dione (3aw)

White solid, 88%, m.p. =91-93°C, d.r. =20:3; IR (KBT) Vjax = 3067, 2924,

2848, 1702, 1672, 1288, 1220, 757, 738 cm'. 'H NMR (400 MHz, CDCl;)
§8.01-7.98 (m, 1H), 7.86-7.74 (m, 6H), 7.49-7.45 (m, 1H), 7.36-7.30 (m,
2H), 3.66 (d, 1H, J= 9.5 Hz), 2.86 (dd, 1H, J= 9.5 Hz, J= 8.5 Hz), 1.90-1.86 (m, 3H), 1.80-1.75 (m,
2H), 1.34-1.24 (3H), 1.21-1.03 (m, 4H); 3C NMR (100 MHz, CDCls) § 196.61, 195.20, 191.09,
141.76, 136.36, 135.36, 135.06, 133.57, 128.79, 128.33, 123.06, 122.69, 45.65, 45.41, 43.36, 34.82,

o )7—Ph
0

33.31, 32.44, 26.12, 25.85, 25.66. HR-EI-MS (positive) m/z 381.1462 [M+Na]* (caled for
C24H2203Na 381. 1467)

O pp (25,3R)-2-(4-methylbenzoyl)-3-phenylspiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ba)

Y ;_@Me White solid, 94%, m.p. = 134-136°C, d.r.= 20:2; IR (KBr) Vimax =

o 3022,2923,2850, 1707, 1678, 1509, 1283, 1221, 1011, 826, 745,

697 cm!'. 'TH NMR (400 MHz, CDCls) & 7.90-7.86 (m, 4H), 7.80-7.75 (m, 2H), 7.37-7.30 (m, 5H),



7.20-7.18 (m, 2H), 4.28 (d, 1H, J= 9.5 Hz), 4.23 (d, 1H, J= 9.5 Hz), 2.36 (s, 3H); 3C NMR (100
MHz, CDCL3) § 194.54, 194.41, 190.25, 144.88, 142.17, 142.07, 135.31, 135.21, 133.82, 132.55, 129.68,
129.34, 128.67, 128.48, 128.27, 123.16, 122.95, 47.49, 42.59, 40.99, 21.84. HR-EI-MS (positive) m/z
389.1150 [M+Na]* (calcd for C,sH;sOsNa 389.1154).

O pp (2S,3R)-2-(4-methoxybenzoyl)-3-phenylspiro[cyclopropane-
1,2'-indene]-1',3'-dione (3ca)
S }—@om o White solid, 36%, m.p. = 126-128°C, d.r.=>20:1; IR (KBr)
o Vimax = 3065, 2922, 2852, 1705, 1674, 1601, 1252, 1171, 1068,
842, 745 cmr'. "H NMR (400 MHz, CDCls) & 7.94-7.86 (m, 4H), 7.79-7.75 (m, 2H), 7.38-7.30 (m,
5H), 6.86-6.84 (m, 2H), 4.26 (d, 1H, J= 9.5 Hz), 4.22 (d, 1H, J= 9.5 Hz), 3.81 (s, 3H); '3C NMR
(100 MHz, CDCl;) 6 194.57, 194.45, 189.08, 164.10, 142.15, 142.03, 135.29, 135.18, 132.57, 130.85,
129.40, 129.31, 128.45, 128.23, 123.12, 122.90, 114.16, 55.60, 47.46, 42.66, 41.00. HR-EI-MS
(positive) m/z 405.1100 [M+Na]* (caled for CpsHs04Na 405.1103).

O pp (2S,3R)-2-(3-chlorobenzoyl)-3-phenylspiro[cyclopropane-1,2'-
Cl indene]-1',3'-dione (3da)
White solid, 58%, m.p. = 112-114°C, d.r.= 20:2; IR (KBr) vpx =
3065, 2920, 2853, 1704, 1602, 1435, 1277, 1096, 804, 740, 698 cm
I. TH NMR (400 MHz, CDCl;) 8 7.96-7.87 (m, 3H), 7.82-7.77 (m, 3H), 7.52-7.49 (m, 1H), 7.36-7.31
(m, 6H), 4.25 (d, 1H, J= 9.5 Hz), 4.21 (d, 1H, J= 9.5 Hz); 3C NMR (100 MHz, CDCl;) & 194.42,
193.96, 189.65, 142.07, 142.04, 137.70, 135.48, 135.47, 135.42, 133.88, 132.14, 130.30, 129.29, 128.55,

o /
0

128.42, 126.61, 123.23, 123.09, 47.44, 42.39, 40.40. HR-EI-MS (positive) m/z 409.0606 [M+Na]*
(calcd for C24H1503C1Na 4090607)

O pp (2S,3R)-2-(4-bromobenzoyl)-3-phenylspiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ea)
}7—@5 . White solid, 89%, m.p. = 156-158°C, d.r.= >20:1; IR (KBE) Vinax
@]

O =2923, 2853, 1703, 1684, 1584, 1282, 1213, 1066, 832,792, 751
cm'. "H NMR (400 MHz, CDCls) 8 7.92-7.86 (m, 2H), 7.83-7.77 (m, 4H), 7.56-7.54 (m, 1H), 7.35-
7.31 (m, 5H), 4.23 (d, 1H, J=9.5 Hz), 4.19 (d, 1H, J=9.5 Hz); *C NMR (100 MHz, CDCl;) § 194.44,
194.11, 189.90, 142.06, 135.49, 135.41, 134.95, 132.37, 132.20, 129.97, 129.29, 128.56, 128.42, 123.25,
123.06, 47.44, 42.50, 40.49. HR-EI-MS (positive) m/z 453.0100 [M+Na]* (calcd for C,4H,50;BrNa
453.0102).



O pp (28,3R)-2-(2-nitrobenzoyl)-3-phenylspiro[cyclopropane-1,2'-
OsN indene]-1',3'-dione (3fa)
@ White solid, 31%, m.p. = 117-119°C, d.r.= >20:1; IR (KBr) vy =
° O 3022, 2924, 2850, 1709, 1524, 1346, 1289, 792, 748, 711 cm™. 'H
NMR (400 MHz, CDCl;) 6 8.15-8.12 (m, 1H), 8.00-7.98 (m, 1H), 7.85-7.74 (m, 4H), 7.65-7.61 (m,
2H), 7.32-7.22 (m, 5H), 4.13 (d, 1H, J=9.5 Hz), 3.96 (d, 1H, J=9.5 Hz); 3C NMR (100 MHz, CDCl;)
d 195.52, 193.98, 193.15, 146.00, 142.10, 141.99, 136.62, 135.57, 135.41, 134.85, 131.74, 131.34,
129.79, 129.18, 128.60, 128.45, 124.35, 123.18, 123.07, 48.23, 43.32, 42.22. HR-EI-MS (positive) m/z
420.0847 [M+Na]* (calcd for C4H;505NNa 420.0848).

O pp (2S,3R)-2-(3-nitrobenzoyl)-3-phenylspiro[ cyclopropane-1,2'-

NO, indene]-1',3'-dione (3ga)

”)7_@ White solid, 71%, m.p. = 142-144°C, d.r.=>20:1; IR (KBr) vy =
© o 3066, 2924, 1702, 1686, 1532, 1352, 1275, 745, 725, 694 cm™!. '"H
NMR (400 MHz, CDCl;) & 8.79-8.78 (m, 1H), 8.41-8.38 (m, 1H), 8.25-8.22 (m, 1H), 7.93-7.87 (m,
4H), 7.65-7.61 (m, 1H), 7.38-7.34 (m, 5H), 4.27 (d, 1H, J= 9.5 Hz), 4.21 (d, 1H, J= 9.5 Hz); 13C
NMR (100 MHz, CDCls) & 194.30, 193.45, 189.00, 148.60, 141.97, 141.85, 137.37, 135.50, 135.47,
133.73, 131.70, 130.22, 129.14, 128.52, 128.46, 127.93, 123.24, 123.12, 47.32, 42.25, 39.99. HR-EI-

MS (positive) m/z 420.0847 [M+Na]* (caled for C,4H;50sNNa 420.0848).

O pp 4-((2S,3R)-1",3"-dioxo-3-phenyl-1',3'-dihydrospiro

[cyclopropane-1,2'-indene]-2-carbonyl)benzonitrile (3ha)

S @CN White solid, 97%, m.p. = 171-173°C, d.r.= >20:1; IR (KBI) Viax

@ =3065, 2922, 2853, 2228, 1704, 1689, 1591, 1282, 1216, 1099,

840, 753 cm. 'TH NMR (400 MHz, CDCls) & 8.04-8.01 (m, 2H), 7.91-7.87 (m, 2H), 7.83-7.80 (m,

2H), 7.73-7.70 (m, 2H), 7.35 (m, 5H), 4.24 (d, 1H, J= 9.5 Hz), 4.19 (d, 1H, J= 9.5 Hz); 3C NMR

(100 MHz, CDCl;) 6 194.35, 193.73, 189.87, 142.07, 141.98, 139.05, 135.63, 135.60, 132.90, 131.85,

129.25, 128.87, 128.58, 123.29, 123.18, 117.85, 117.12, 47.50, 42.44, 40.16. HR-EI-MS (positive) m/z
400.0952 [M+Na]* (calcd for CpsH;s0O3NNa 400.0950).

O pp (25,3R)-2-phenyl-3-(thiophene-2-carbonyl)spiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ia)

White solide, 66%, m.p. =120-121°C, d.r.=>20:1; IR (KBr) vj.x = 3084,
2962, 1703, 1660, 1411, 1236, 1054, 858, 764, 731, 698 cm!. '"H NMR
(400 MHz, CDCl3) 8 7.94-7.92 (m, 2H), 7.89-7.78 (m, 2H), 7.68-7.62 (m, 2H), 7.37-7.28 (m, 6H),



7.06-7.04 (m, 1H), 4.23 (s, 2H); 3C NMR (100 MHz, CDCl3) 3 194.42, 194.12, 183.38, 143.35, 142.17,
142.02, 135.38, 135.29, 134.72, 132.83, 132.28, 130.56, 129.28, 128.51, 128.45, 128.33,127.97, 123.21,
122.99, 47.28, 42.27, 41.44. HR-EI-MS (positive) m/z 381.0566 [M+Na]* (calcd for C,;H;403;SNa
381.0561).

O pp (2S,3R)-2-(2-naphthoyl)-3-phenylspiro[cyclopropane-1,2'-
indene]-1',3'-dione (3ja)
OO White solid, 95%, m.p. =91-93°C, d.r.= 20:2; IR (KBr) Viax =

3065, 2919, 1704, 1671, 1286, 757, 746, 697 cm!. '"H NMR (400

O

O\\\\‘

MHz, CDCls) 6 8.45 (s, 1H), 8.05-8.03 (m, 1H), 7.92-7.73 (m, 8H), 7.60-7.55 (m, 1H), 7.55-7.47
(m, 1H), 7.43-7.29 (m, 5H), 4.46 (d, 1H, J=9.5 Hz), 4.31 (d, 1H, J=9.5 Hz); 3C NMR (100 MHz,
CDCl3) & 194.51, 194.37, 190.62, 142.15, 142.04, 135.98, 135.36, 135.26, 133.65, 132.50, 130.49,
129.86, 129.36, 128.95, 128.52, 128.33, 127.91, 127.01, 123.96, 123.19, 122.97, 47.59, 42.61, 40.94.
HR-EI-MS (positive) m/z 425.1154 [M+Na]* (calcd for Co3H;3sO3Na 425.1154).

O pp (2S,3R)-2-acetyl-3-phenylspiro[cyclopropane-1,2'-indene]-1',3'-dione (3ka)
White solid, 67%, m.p. = 131-133°C, d.r.= >20:1; IR (KBr) vyuax = 3050,

} 2920, 2850, 1711, 1597, 1292, 1170, 756, 698 cm'. '"H NMR (400 MHz,
O/_ CDCl3) 6 7.99-7.97 (m, 1H), 7.85-7.76 (m, 3H), 7.33-7.28 (m, 5H), 4.04 (d,
1H, J=9.5 Hz), 3.70 (d, 1H, J= 9.5 Hz), 2.36 (s, 3H); *C NMR (100 MHz, CDCl;) 6 199.79, 195.12,

0]

193.73, 142.07, 141.97, 135.42, 135.34, 132.20, 129.23, 128.44, 128.31, 123.09, 123.02, 47.19, 44.04,
42.63,30.41. HR-EI-MS (positive) m/z 313.0844 [M+Na]" (calcd for C19H4,03Na 313.0841).

0 Ph (2S,3R)-2-phenyl-3-propionylspiro[cyclopropane-1,2'-indene]-1',3'-dione
(3la)

’7 White solid, 95%, m.p. =131-133°C, d.r.= >20:1; IR (KBr) vya.x = 3062,

© o 2944, 2928, 1719, 1702, 1594, 1287, 1099, 749 cm-'. '"H NMR (400 MHz,

CDCls) § 7.98-7.96 (m, 1H), 7.85-7.76 (m, 3H), 7.33-7.27 (m, 4H), 4.06 (d, 1H, J= 9.5 Hz), 3.69 (d,
1H, J=9.5 Hz), 2.80-2.68 (m, 1H), 2.60-2.48 (m, 1H), 1.11 (t, 3H, J= 7.3 Hz); 13C NMR (100 MHz,
CDCLy) & 202.34, 195.17, 193.92, 142.04, 141.97, 135.35, 135.30, 132.33, 129.23, 128.41, 128.25,
123.05, 122.97, 47.10, 43.23, 42.26, 36.51, 7.73. HR-ELI-MS (positive) m/z 327.0999 [M+Na]* (caled
for C0H;403Na 327.0997).

0O Ph Ethyl (2S,3R)-1',3'-dioxo0-3-phenyl-1',3'-dihydrospiro[cyclopropane-

1,2'-indene]-2-carboxylate (3ma)



Yellow oil, 45%, d.r. = 20:9; IR (KBr) vy = 2955, 2924, 2850, 1732, 1709, 1595, 1464, 1288,
1195, 1021, 749, 695 cm'. '"H NMR (400 MHz, CDCl;) 8 7.99 (d, J = 6.5 Hz, 1H), 7.84-7.76 (m,
3H), 7.33-7.28 (m, 5H), 4.32-4.21 (m, 2H), 4.01 (d, J= 8.7 Hz, 1H), 3.59 (d, /= 8.7 Hz, 1H), 1.30
(t,J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl3) 8 194.79, 193.57, 166.49, 142.05, 135.16, 135.13,
132.00, 129.13, 128.29, 128.12, 122.89, 61.82, 45.77, 42.16, 36.73, 14.14. HR-EI-MS (positive)
m/z 327.0999 [M+Na]* (calcd for CoH1603Na 327.0997).

Preparation of compound 3na

0] (0] -
— + éBr Et3N

Ph Ph *> HFIP, 100°C

Under a Ar atmosphere, to a solution of 2-benzylidenebenzofuran-3(2H)-one (0.22 mmol) and
dimethyl(2-oxo-2-phenylethyl)sulfonium bromide (0.26 mmol) in HFIP (2.0 mL) was added Et;N
(0.03 mL, 0.26 mmol). The resulting mixture was stirred at 100°C for a specified time. The reaction
was monitored by TLC spectroscopy. After the reaction was completed, the solvent was then
removed on a rotary evaporator at reduced pressure and the residue was subjected to column
chromatographic isolation on silica gel (eluted with petroleum ether/EtOAc 50:1-20:1) to give the

annulation product 3na.

Ph (2'S,3'R)-2'-benzoyl-3'-phenyl-3H-spiro[benzofuran-2,1'-cyclopropan]-3-
O
@4 one (3na)
5 }—Ph Yellow solid, 31%, m.p. = 103-104°C, d.r. = 20:18; IR (KBr) vy, = 2959,
@)

2922,2852, 1710, 1460, 740 cm™'. '"H NMR (400 MHz, CDCls) 8 7.95-7.93
(m, 2H), 7.64-7.51 (m, 3H), 7.42-7.33 (m, 8H), 7.19-7.10 (m, 2H), 3.97 (d, 1H, J=9.5 Hz), 3.90 (d,
1H, J=9.5 Hz); 3C NMR (100 MHz, CDCl5) 6 193.87, 189.90, 170.78, 137.13, 136.44, 133.75, 133.25,
128.93, 128.89, 128.71, 128.51, 127.86, 124.32, 122.79, 121.44, 113.54, 39.58, 35.97. HR-EI-MS
(positive) m/z 363.0997 [M+Na]" (caled for Cp3H0sNa 363.0997).

Transformations of 3aa to Indeno[1,2-c|Pyridazine Derivatives

O ph
InCl3(0.2 eq.), 4AMS

DCM, r.t. 12h, 59%

+  Ph-NHNH,

-
-

(0]
3aa 9




A round-bottom flask equipped with a magnetic stir bar was charged with 4 A MS (200 wt %)
and InCl; (0.2 equiv) under Ar inert atmosphere. A DCM solution of 2-benzoyl-3-
phenylspiro[cyclopropane-1,2'-indene]-1',3'-dione 3aa (1 equiv) and aryl hydrazine (1 equiv) was
added, and the mixture was stirred at room temperature until completion of the reaction (as
monitored by TLC). The reaction mixture was filtered through a small pad of Celite that was
subsequently washed with multiple small portions of DCM, and the solvent was evaporated on a
rotary evaporator. The crude mixture was further purified by column chromatography on silica gel
with ethyl acetate/hexane as an eluent.
4-benzoyl-2,3-diphenyl-2,3,4,4a-tetrahydro-5H-indeno[ 1,2-c]pyridazin-
5-one (9)

Yellow oil, 57%; IR (KBr) v = 3195, 2918, 2849, 1708, 1595, 1493,
1390, 1248, 747, 692 cm’l. '"H NMR (400 MHz, CDCl;) & 8.01-7.99 (m,
1H), 7.85-7.76 (m, 4H), 7.68-7.66 (m, 2H), 7.32-7.23 (m, 9H), 7.14-7.11
(m, 5H), 6.96-6.94 (m, 2H), 6.77-6.74 (m, 1H), 4.95 (d, 1H, J= 4.4 Hz), 4.00 (t, 1H, J= 3.9 Hz),

3.50 (d, 1H, J=3.5 Hz); '*C NMR (100 MHz, CDCLy) § 198.37, 196.74, 146.27, 143.72, 143.16, 142.53,
140.60, 136.16, 135.91, 131.80, 129.37, 129.02, 128.78, 128.08, 126.53, 125.72, 123.54, 123.30, 119.37,
113.31, 67.81, 54.59, 54.08. HR-EI-MS (positive) m/z 465.1577 [M+Na]" (caled for C3oH,,0,N,;Na
465.1579).

Reference

[1] (a) C.J. Lee, C. N. Sheu, C. C. Tsai, Z. Z. Wu, W. W. Lin, Chem. Commun. 2014, 50, 5304. (b)
T. M. Kadayat, C. Park, K. Y. Jun, T. T. Magar, G. Bist, H. Y. Yoo, Y. Kwon, E. S. Lee, Bioorg.
Med. Chem. 2015, 23, 3499.

[2] S. Wang, L. Xu, Y. T. Lu, Y. F. Liu, B. Han, T. Liu, J. Tang, J. Li, J. P. Wu, J. Y. Li, L. F. Yu,
F. Yang, Eur. J. Med. Chem. 2017, 130, 195.

[3] R. Dey, P. Kumar, P. Banerjee, J. Org. Chem. 2018, 83, 5438.



I spectrogram

igina

50r

[444

mN.vW
8TV

rm.v\
6c’L
LeL
ceL
ceL
€eL
€€L
€€°L
ve LY
veL Yy
9€"L Y
9g’L
8€°L
6€°L

0.5 0.0 -0

1.0

1.5

25 20

=}

TR~
RS

3.0

|

6.0

ezt

oral

6.5

72T AN

e
ZvL ;W
Zr L

eS LT
vSL 1

0L
mo.r

m\_\o.N

=10

'"H NMR of compound 3aa

7.0

6'8C1 \L

(a3
czelL /-

8'€el

7.5

GC1

S
9227
102
8LL
611
6L
082
1821
88
88/ |
68'L
682
062
06
162
v6'L
v6L
962
962

Ph
Ph

ooz

8.

m.mm_;
L'ogl

ISNa4g

8.5

vt

- |

9.0

Dl’ //./

N7 O

9061~

O%{O

P61

N\

v'v6lL

)

1.5 11.0 10.5 10.0 9.5

11

20
3C NMR of compound 3aa

T
130

Im\

40|

50

T
neo

179

180

20

T T
210 | 200




Lo
7
L ey
b
-
ES
N Lo
L_ Le
x|
Lev
£
o -
- _/
o ,,,//O
j L<
— = 00"
o O —
L
Lo
E— o
—_—
o
Lo re®
)
0
Lo Lo
]
o
LS °
< LS
0
LS
< -
Fe
)
S
<
o~
0 Fe
S
<
) )
LN rv
<
o)
LN L <
b, -
)
Fe
©
Fe

'H NMR of reaction mixture 3aa

c0c—
Sy
217
6211
L€V
L
cL’L
€L
€LL
ve'L
veL
gL
9T’ L
9L
1€°L
8€L
6g’L
ov'L
cvL
vl
LG L
25 L
2521
€62
€51
vS'L
GS'L
GG'L
1072
8L L
8L,
[SYAVAN
6L LN

T
-0

T
1.5 1.0 05

2.0

=

=86°0
5001

10'L
w\mo.w
7.0
5001
=202

25

T
3.0

6.,
08,
082
18
1872
982
182
8821
88/ |
682
682
062
062
16
16L
26'L
€6'L
€672
962
862

"AL.

wmo.w

pAk4

T T T T T
9.0

1.5 11.0 10.5 10.0 9.5

'"H NMR of compound 3ab



1418

- 194.6
< 193.9
1908

2

\_/

doa T odac=ont|td
F1/0 © v v ~ O 0 0 0|0 W M
MO OOn MmN NNN NN
AN A
==\

[

T T
150 140 130 120 |11Q

T T
100 90 80 n0 || 60

©n 1o

13C NMR of compound 3ab
@)
~ Me
| d
10 39 38 3.7

|
I

g _J

T
6 5 4 3

'H NMR of reaction mixture 3ab

_-46.7
40.9
40.7
196




Fe
v
0
re
?
=
— e
]
e
4 e
[~ Sz —
|
— o
~= [~
<
[N m.ovv
—] =s6z 0 e —
FeN
e
L2 =
o M
[Feo
<
. o ™ 3
6LY < o
ley~ | 7860 =t
v ] fo0t [ 3
44 r< o ro
g i
o
i . =i
1 4
vl \M S oezis o
2124 © Zen -
1z°L r L 1 b
. o e9z)
st (¢ = s
=
. 98T o
MMMU \M N TUoBCh L
v L o orx ®
2572 AN T i -
MMMJ —_— T SeeT =
byl ! JE— Gl E =
R.h/w —Fo0L [~ esel ]
= =
e FO6T e g
8LL R z'gel =
627 L 4 GH”\ o (-]
ow.& [n i o
18°L L] =
88°L ] o @) g
68°L | LS =
(-]
68, ]
%.L o ©)] 2
vor] & g 2
62 M 8061 &
96°L re V6L~ -
VBT
n (=]
: =B
Lo 3
- e
o =
[ -
= ~

13C NMR of compound 3ac




'H NMR of reaction mixture 3ac

T T T
-0.5

10 05 0.0

-1.0

vee—

6Ly
A
Vraadi
mm.v\

60
0L

1.5

yLLq
9124
YL
92,
8€°L
ov'L
v LA
4
€G°L
GS'L A

S
9L,
LL7LA

9L

[Z6°L

————— 92

Syl
Rout

75 |70 65 6.0 55|50 45 40 35 3.0 25 20

7681

6127
182
88/
88°L ]
68°L |
68'L
0621
v6°L]

90y

¥6°L

96

11.0 10.5 10.0 |9.5 9.0 8.5 8\

'"H NMR of compound 3ad



3

bl b V]l N o o ‘\!Q‘C"Q L <
55 3 FIBERHSIRRANAR ;g s
N \
Me
O | V==
|/’§j’/ ><
\&/ T~ "
o /T
o)
210 209 | 190 |[180 | 176 6o flsd |10 13b] B [110 [4ad [sb[ o] [|bl] le
13C NMR of compound 3ad
Me
\
hi
L
S
4 hd 41 40 39
»ﬂr A J I
4
<
16 sl W[ &[22 41 10 8 8 7 & 5 |4 3

'H NMR of reaction mixture 3ad




iR
Yo'y
E.v%

A2

=00°L

T T T T T T
1.0 0.5

2.0

T T T
25

3.5 3.0

4.0

-0.5

0.0

1.5

g8~
80y~

7'or ~

v197"
99
869
002
202
82 L
624
0821
0e°L
1621
6821
L.
05°2 1
2S5,
9L°L7
100
L1171
LL LA
8.2
8L L 47.
982

9947

T

»l0L
20k

201
yo0e
Tr0'L
4902
90z

T T T T T
70 65 6.0 55 50 4.5

7.5

1827
182
88
88 ]
68
682 ]
6821
062 1
062 |
162

162
162
S6L
96
96°L
6L
1672
862

90T

1.5 11.0 10.5 10.0 9.5 9.0 8.5 80

'"H NMR of compound 3ae

TR

et~ \ [

zseL " /- N\

13C NMR of compound 3ae



OMe

\

Ph

/-

3.7

4.0

'H NMR of reaction mixture 3ae

S

6.¢—
6L
AR
mN.vN
868
qw.L
5891
9891
0691
0691
16'9 1
691
9691
€241
STLA
9z L7
1217 W
8¢/
or' LA

=16C

0’
0L

H/No.m

T T T T T
55 50 45 40 35 3.0

T
6.0

T
6.5

'"H NMR of compound 3af

I
152

1S°L \/ﬂ
251

"OMe

0
0L
J0e
ey

€57
s5'L
L2
1272
8.2
8L,
8.2
6L,
6041
88,
682
68,
68,
06°2
06'2
€6'L
¥6'L
96'L
962

T T
9.0

T
11.5 11.0 10.5 10.0 9.5



¥l % ([ £ B wlfe|N © el lboo
b ih-di=] DWW R M OOOM ™ . [ ad
338 B FeeepraRas HHEEEE:
Y TSNP 2 TN
rQOMe
o | INL—
'§\/J« /‘
A
J \\
8T A
D
7
0| Ph
J
oq]| 100|[|1d0 [ [170] 140 || 160] | 140 [13d] [120 | 170/ |1bo]| |46 | so| 70 “[e] |50 ~ 40 [[30] 2p 10 o -10
13C NMR of compound 3af
OMe
0]
/\
| Z :
| o) /—Ph
% ~
©
30 4.25|41204.15 4.10 4.05 4.00 3.95 3.90
| Al ) TRATY L
4
<
T T T T T T T T T T T T T T T T T
14 |[43] 12 11 10 o 8§ | 7| & 5 a 3 2 1 o | 1 2 3

TH NMR of reaction mixture 3af



8c'e
6L€
66°€
66°€
66°€
Loy
Loy
[10h4
90'v
60'%
S99
899

T T
0.5 -1

10 05 0.0

089
089
189
189
289
289
€89
€89
¥6'9
v6'9
G6'9
G569
8€’L
8€’L
8€°L
6g°L
ov'L
ov'L
LWL
cv'L
0SL
LG L
LG L
[4=A
2s°L
€G°L Y
vSL Y
9L
9L°L
LL7L
L1171
8L LY
8L,
6L,

»66'C

2ot

286°0
860
=160

/66°L

107}

T T T T T T T T T T T
1.5

75 70 65 6.0 55 50 45 40 35 3.0 25 20

08°L

102

I8
1817
1827
182
88/
68°L
68
682 ]
062
062
162
16
162
26,
S6'L
5672
5672
962
1672
1672

]

16°L

OMe

MeO

o3

WOO.N

Loec

11.5 11.0 10.5 10.0 9.5 9.0 85 8.0

'"H NMR of compound 3ah

Lo~

40

017

GO

50

14 1°

60

60+
oviL
v.m_\_\)

g'zZl

Q'ezZlL

L'ggh ;r
g8zl

12

6821
g'ecl
m.vaW
0'sEL

130

v 9tT

10

]

50

gesL”

160

170

180

€16~
O'P6L ~

190

210 | 20

13C NMR of compound 3ah



Le
Lo
Lo
Alu re
j
ln o
=
‘HHJ, Len
(@) C L
» BE
L s
— =004
W
o ~TSo
) Lo
= (@) (@)
Lo
N 7 T [~
"—/
- = |
e
Lo
<
e
\0
\M K -
]
- !
. O
Fes
N
4 |e =
= I~
Lo
@FAm
<
~ L
<
Lo
Le

'H NMR of reaction mixture 3ah

=+667C

T T T T T T T T T
1.0 05 0.0 -1.

-0.5

1.5

—— 60
0’

65 60 55 50 45 40 35 3.0 25 20

00 C

181
18,
18°L
88°L
88,
68°L
V6L
v6'L
6L

96°L

OMe

— (U4

0z
Ago't
202
Ly

T T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0

'"H NMR of compound 3ag



o< CNfEMONRO OO =l &

< | D N gl v MO MO T MN 0

o BYFHOde@NNSN] E

¥ N By NN
OMe

>
LA

i
0 100 |90| 80 70 60

210 200 | 19p | 18 170 | 160] [150] 140 [130 120

-

— 478
427
a1

3C NMR of compound 3ag
d M
YRR IA
J , /J L
g
15 [Jia i3 Ji2 41 40 o | 8 |7 6 5 |4 |3

'"H NMR of reaction mixture 3ag




-1.0

T T
-0.5

1.0 0.5 0.0

6

=00}

1.5

8've "
A5 N
62y —
8Ly~

=00}

7S2'9

Z90°}
202

£90¢C

6L,
08,
88,
68°L
68,
06°L
v6'L
v6°'L
96°L
96°L

", 90z

1.5 11.0 10.5 10.0 9.5 9.0 85 8/ 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3ai

100

110

120

180

140

150

160

170

180

190

806+
YYeL
9v6L 7

hj-ptbu-1dc. 1. fid

210 | 200

13C NMR of compound 3ai



T T
0.5 -1.(

1.0 05 0.0

It Jl‘d

Lo VA4

B \
T
3

9Ly
gLy~ _ ——f ¥60
sy I
12v

JJ,AL

61727
[XAVAN

82,1
[olowiy
8€'L

[
v LA
LG/

T T T T T T T T T
35 3.0 25 20 1.5

€5

s5L
SL1 —

'H NMR of reaction mixture 3ai

'"H NMR of compound 3aj

7.0/ 65 6.0 55 50 45 4.0

SMe
Al

e 77t
R
8.2
6L
082
982 K
182

o 887, |

[ 6821 (@)

TR
fa-NE -

BN EATR

9.0 85 80 7.5

062 ]
= €672 ]
re €62
o627

A
T

Ao
2 41 4.0 39 3‘8 3‘7 3.6 3.5 34
T
1
~

.

UG
——
13 4
T
14

11.0 10,5 10.0 9.5




A~

9 © - o0 it o (=} ™
9 |¢|0 N 0 @ B 1D (a0 [ob|© | of N< o ~
k|1t RISGERPARMS N §9¢ ;
/ [ .| J( \'
SMe
PE
\v/§ 5
JrTPh
O
1‘90 1‘50 14 1‘|J 1‘ 70 60
13C NMR of compound 3aj
SMe

T T T T
1 40 39 38 3

~o2

T T
3.6 3.5

1.001 |>=—

0.22

'"H NMR of reaction mixture 3aj




hjncl-ih 1.£id —

4.21
+4.18
4.16

i
%

16 11.0 10.56 10.0 95 9.0 86 80 7.6 70 66 60 65 650 45 40 356 30 26 20 156 10 05 0.0 05 -.

'"H NMR of compound 3ak
hjncl-13c. 1. fid —
330 SRR R e R L R @
228 ITREREBRBARANAAN CEE
e e e bl

I IMH 1] —

T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

13C NMR of compound 3ak



O J—
Cl
2
Ph
N o
S o
43 42 41 ho 39 38 37 36
il ol ukk
4
S
16 15| 14 |13 ¥2 11 {0 o 8 7 6 5 |4 3 2 |1 o 1 2

hj-mcl-1h 1.£id —

TN - OO OO TONNODEGH OO0 @ T o~
DO ODH@EOE 0NN T T OONNNNNN = —
e e o S e T i i |

e e P

-
5_
L

e s el M.
i Bl e
R =3
T mm A

110 105 100 96 90 85 B0 76 70 65 60 65 650 46 40 3.6 30 25 20 16 10 05 00 0.5 -1

'"H NMR of compound 3al



hj-mcl-13c. 1. fid —

LL

Al MI |

i

210 200

190 180 170 160

150 140 130 120

110 100 90 80 70 60 50 40 30 20 10 0 -10
13C NMR of compound 3al
Yo
| Il Ph
2y AR MnAn,
<
43 42 44 40 39 38 37 36
i “\\ A“ Jh I’
d
(@)
T T T T T T T T T Tl T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

'H NMR of reaction mixture 3al




hj-pcl-ih 1.£id —

MONODODODOT NN OO W oMo
[oRo R R R R ST R ol s N PN o] NN —
B b BRI P Bb s E R T < <F <t <+
i) e — 2
’//
o g Ph
lJ\ hli J |
BTG S S, P =
o
Sl L
O N3 [=F=1
e L) A

11.0 10.6 10.0 95 90 865 80 76 70 66 60 66 50 45 40 36 3.0 26 20 16 10 065 00 -05 -10

'"H NMR of compound 3am
hj—pel-13c. 1. fid —
o N ST T O NTNOOoOLOoO~RunmMmOo
33z IIRBAIRRANANAL 55§
v/ e N

N

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

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -i0

13C NMR of compound 3am




|
A ‘
S
44 43 |4k 41 40 39 38
J}k JU I ]
d
o
T T T T T T T T T T T T T T T T T T T
16 15 14 1 12 11 10 8 7 6 5 4 3 2 1 0 -1 -2 -3
'H NMR of reaction mixture 3am
NTOO0O0MANTOPOWVTNNTODNDONOD O T
900 ®00EEMQNNDVLLYLTTNONMMON At
NNNNNNNNNNNNNNNNNNNNNNN <+ <N
NN ) D

112,

3235
2127

T T T T T T T T T T
‘.5 7‘.0 é.s é.o 5‘.5 5‘.0 4.5 ‘4.0 35 30 25 20 15 10 05 0.0 -0.5 -1.0

'"H NMR of compound 3an

q 424 L
8=

o
~

T T T T T T
1.5 11.0 10.5 100 9.5 9.0 85 8.



o df o “Negdsdonampoy o
It | O NHOOUWWT T~ O D N
O (@) O TR PO ODPDOOOMNN NN
oS EETT

’ \ /e

Y —
N/

il

‘ ‘ ‘ T
210 200 |[190||1B0 170 16| 150 | 140 130 120 {19 100 | Yo| (80 |70|| ¢

13C NMR of compound 3an

) Cl

/N
N\
0

2

L J—Dh
g o 7
T \‘_ T T T T T
43 42 41 40 39 38 37 O

'H NMR of reaction mixture 3an




hj-mo2-1h 1. fid —

4.30
4.30
4.27

é

_'LLJ LLU : e 4‘_~L~L;A_
frrt A e e A
DN TO @ o
o0—00-—0C ==
et o] — =

16 110 106 100 9.6 90 85 80 76 70 66 60 665 60 45 40 36 30 25 20 15 10 06 00 -0.

'"H NMR of compound 3a0
hi-mno3-13c. 1.fid —
o ONOOOOT 0NN TN ON e
328 FITRREAAINISINAN £92
N/ e | N [

1 LIM‘“ i Py

T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -i0

3C NMR of compound 3ao




=0Q"

'H NMR of reaction mixture 3ao

1.0 05 0.0

a4
82

T T T T
1.5

8cv
ey

6€7L1
Ly
£
yS'L
95/ 1
85 1
08'L
18724
28'L

T
00T

70 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3ap

€8/

V6L

Y87 LA

66°¢C

7.9

£l
o |
68,7
06°L
06°2
162
16°L ]
26'L 1
z6°L

€621
oz'g
zzg!

61
(84

—] /6L

T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 85 8.0




pox R oMol o Nb N
Moo NCowWYop oMo o N
528 IITEBSGBRARKE ¥R
7 i =
NO,
—
D i_
g5
§s \.
A .
D
O

T T T T T T T T T T T T T T T T
210 ZOd 190 180 17b 160 150 14Q [13p 'HC 110 100] 90| | 80| |70 | 60 || 50, 40| 30| 20 10 0 -10

13C NMR of compound 3ap

NO,

t ~

S W o
T T AR T T T T T T T
4.40 4.35 4.30|4.25 4.20 4.15 4.10 4.05 4.00 3.95 Ph

-
5
-

1.00=

'"H NMR of reaction mixture 3ap



90'v
80'%
oy
€y
8€'9
6€'9
6£°9

o9
€v'9
124°)
YASWA
PASWA
1e°L
8€L
8€’L
ov'L
4402
2eS'L
[4°A
[4=A
€97,
vS'L
vSL
GS'L
9S8 L
95,
9121
9L
10729
8L,
8L LY
6L,
08°L Y
08°L
08
28
287\
S8/

—] /60

= Foo'L

— R
[ “€0'L

98,7
1827
88,
882
682
68°L
682 ]
06°2]
162
26°L
z6'L
26'L
€6'2
€672
v6'L
v6'L
5672

S6°L

—— 280

T
-0.5 -1.0

1.0 0.5 0.0

1.5

2.0

75 70 65 6.0 55 50 45 40 35 3.0 25

100

13C NMR of compound 3aq

110

120

'"H NMR of compound 3aq

180

14

50

16D

e

180

20

0Q

1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0

210




L
Lo
- Lo
4 e
Lo
= Les
< |
\ / //_/ “AA. =00'L N
O o /O ! .
O O
Lo
7\ R
= =
© 4 re
G
Lo
o
G
e
, S
e -
—— =
-_—
S Lo
M )
o~ L2
<
— .
R - L
<
Lo
Le

'H NMR of reaction mixture 3aq

0'L
Lo
| WmN._.

T T T T T T T T T T T T T T T
1.5 1.0 05 0.0 -05 -1.

S0 C

0L
202

) eov

1.5 11.0 105 10.0 95 9.0 85 80 755 7.0 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3ar



1939
4935
™\190.1

ALY

o =t < Hlefe[ o = N o
NN OO W D00 MN©IM®
Q‘V(")")("(’)(’)NNN(\N_‘(E
===\ Ve
LN
o N
fw 7
7Ph

170/| 160 150 |140| (130 {20 | 110 100 | 90 80 70 | 60

N 47.6
—423
372

N

13C NMR of compound 3ar
S \
0 \—
//\

| N 3
AV . /—Ph
2 5 @)
5 4.

T T T T
4 4.10 4.05 4.00 3.95

1.0
aq 0357 F

'H NMR of reaction mixture 3ar




T 1
0.5 -1

1.0 05 0.0

1.5

o
o 98—
o=
. © 99y~
SL'v o
11
ST =Y
1271 Fe
s
82’ L
62'L © @
ves - nmw
9e°L 2
8eL _ o
8v's — . m
8L < 3 —
05 a &
(49 < m
z5L [ 3 S
. o
€L - O =
oL K
=
Sl -
. e ~
022 Lo S oean -
122 Fou o~
12727 w7 e\ =
8L re m.mm” \
v8°L T oovel \ S
¥8° L1 12~ o=
MN.MA ogel T °
2 — 0 65el iy
9827 = re~ Toc 2]
i i Tos =
g.ﬂ) 14 024l L‘ﬁ i
18°2 Foo e
o) LT .
05’8 0
Nm.mW — o =
65'8 o
o. ~
L2 ~
o
n
Fo =
o o
: 0061 2N
re L EBL Al
w 0 6L
o
=
=
-
h
0

13C NMR of compound 3as

200

21




TH NMR of reaction mixture 3as

T T T T
-0.5 -1.(

1.0 05 0.0

1.5

or'y
mw.vV

rw.ww
§%

8C’L

8¢’ L

8€’L

6c.
ov'L
ey L
€V'L Y
vy
61 L
LG LA
LG,
€572

Feot

4 Foo'L

€577
G572
1527
65°L7
9L
992

PR

[ fiset
(k4

102

G8'L
98'L
S6°L
16°L
66°L
66°L
10’8
10’8

11.0 10.5 10.0 95 9.0 |85 80 75| 70 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3at



cwp —owNmd~p = ool o ool

n M N« © PO F O DO M) [0 © © OO MM

[ NNl V?m(’(’)CWENN_N_NNNN’\I

W i N AN [ 2 1 A
=l

_/
L\

—47.0

Z-39.8

210 ZbO 190 180 | 170 160 50 40 130 1‘20 1o} |10 90 80 70 60 50 40 2o 10 10
13C NMR of compound 3at
‘ /]
W \
O >— >
ﬁ \j H A =
ﬂ} \/ "
| | u o g Fh
S] & O
4‘7 4: 6 4‘ 5 4‘.4 4‘.3 4‘.2 4‘.1
MKML ; s J AV
gl
16 15 14 13 12 | 1 10 |8 8 ||7 & 5]||a 3 2 1 3

TH NMR of reaction mixture 3at



T T
-0.5 -1.0

0.5 0.0

1.

662 —

U
1.5

9z~

'Sy —

€9'€

s9€” J

16~ .
66€” 1o

28~

622 |
ogL

(4

LeL

LeL

ceL

ceL

6€°L ;

1L

€L

AN

8¥'L

61 L

6v"L

'"H NMR of compound 3au

252
¥G'L
¥S'L

13C NMR of compound 3au

130

9672 AT y'geL .

140

75 70 65 6.0 55 50 45 40 (3.5 3.0 25 20

8L\ M vl vGel
n\.\vy .\/_ e .

A0

0872

08
182

160

28°L

28/

€8,

it

v8'2 ]

s8]
982
18°2

180

88'L £621

L+
~

06’2 9261~

190

c6'L £C6L

N
N
T

26°L

S

N~

200

v6°L

S0'8

{

L0'8

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.

210,




3.5

3.6

A JUNL ‘HAH k‘ L

3.8 3.7

3.9

4.0

4.1

'H NMR of reaction mixture 3au

hj-rcho-1h 1. fid —

LLE
ELE
PLE
aL'E
LE'E
EB'E
6¥'8
[4=3]
£5'9
95’9

WY

=20l
=001

L

-1.0

115 11.0 105 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

'"H NMR of compound 3av



| |

s d 70
433
~42.1

¥ H | i

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

'H NMR of reaction mixture 3av

-10
3C NMR of compound 3av
JW
B w,ﬂ kU\ 1l
40 39 38| 37 36 35
/MM L] JJ
_ _/ ,JLMMMJA” AJ M |
g
16 15 14 13 12| 11 10 9| &8|| 7 6 5 4 |3 2 |1 o 1 2 &



9L’
9L'L 1
AN
8Ll 1
8L'L 7
0z'L
vl
G2l
9Z'L

T T
-1.

-0.5

10 0.5 0.0

W/_‘o.v

12 &

Tm.
Th.o

1.

2.0

T

FzoL

'"H NMR of compound 3aw

L6213

T

192

7 Te

£'ee

9 pe

ey
v'Sh~

St

0o

110

Leeh
_\.mN_\V
€821

T
12¢

g8l —
9€elL

1‘3H)

_\mmr
7' GeL \

T
40

i

-9ct

8Lyl

282
€8s
€82
v8L
v8L
s8'L
982
98°L
662
662
10’8

§3e9

1.5 11.0 10.5 10.0 95 90 85 80 75| 70 65 6.0 55 50 45 40 35 3.0 25

90

T
160

170

T
18D

L6l ~
2661\

T
190

T
0g

T
210

3C NMR of compound 3aw



0 /7—Ph

160
0L

=T

'H NMR of reaction mixture 3aw
Me

A

o

WFO.N

104

0.5 0.0

1.0

'"H NMR of compound 3ba

T T T
9.0

1.5 11.0 10.5 10.0 9.5



Ll T = T n;: I& ‘r\T N
D
P
~No A
T
T M
L zan M e
D|| |/ /)
g \_//
THinN I
T
190 170 160 [150 10| 180 34| 1 90 6d | |sdl]] 4o
13C NMR of compound 3ba
Ph
B
A "
| ik
i g °
2 41 40 39 38 [37 36 35
| | M L
J\ gl ‘ |
g 2
A 2 11 Ao 2 | |7 5 32

'H NMR of reaction mixture 3ba




0 =
=) .
?
) Lo
- =]
0 (]
=]
° o
Fe e
L@ LS
<
LS o
— N oLy — [
" Ty
L -2
o 966 —
L2 o
0
-] re < FR
(2
18°€ — | F86C [ o M
1zy ] LS
€Tv | €60 ..m =3
mm.vx 0w =
7y <+ o o
o ro
2 £
(v
3 LS
— =
n
Fog &
6 g L2
o =
. Lo ZyiL—
v8'9 © M [l o
589 S
989 Lo 7, TE
189 | © zeziy )
. AW o
189 . T reet > — Lo
4 o 4 ¥66'L | @ — ¢62id -
8879 L2 1y 5
\ s ez ir
pe: — - 6°0eL ] | LS
N —~ 000G P 1
z€ hk O Fo 9 Nmf‘\ \/
vEL . zsel o
e A ™ ozyL ] F L
182 L)
922 | v v o
441 7 e ——
] o LN
w\..\._ c o ~ O -
982 | o o A
mw.h_ - @] ] (@) X (@) o
182 Fo 2
182
88°L ©) o 1S 168l ~ /% N\ e
88, - P — -
68°L 0 9YBL // N\ -
682 te [ D] B
16°L - \ / N
26°L ° \— .
26°L ke Le
£6°L N N
v6'L "
<

13C NMR of compound 3ca



H

L.

il

-1.5

-1.0

T T T T
-0.5

1.0 0.5 0.0

M Mmo“o
00t

'H NMR of reaction mixture 3ca

T T T T T T T T T T
1.5

0
LS
<
o
Lo
<
0q 2
~
o
[+
n
LN
=+

01
o
2
<
0
<

16°L
L6°L
S6°L
96°L

96°L

11.0 10.5 10.0 95 9.0 85 80| 75|70 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3da



v'oy —

Vv

90

140

L'ezl

€T

9'9z1L

¥act

9'821

€621

TOET
|4

=
P |

49| 130 |10

G'GEL

G'Gel

a0

Zet

13C NMR of compound 3da

4.0

41

[ok445%

X442

60

4684

0V6l .
>

L

Laacig

210, 2¢o| 190|180 170

'H NMR of reaction mixture 3da



13C NMR of compound 3ea

e
r<
0
re
3
=
e
]
e
] o
L [
]
[+
—]
e
Fei 50—
szr
0 vy —
L2 =
e
e
n
Feos <
-8
. o
8Ly L2
\Zy {960 [ ¥ ..m
Nm.v\ 0L [ 3
vy r< =]
o
o
s £
w O
gL [ rnlu.
282
ol ] o X F.mmrk
. © .
e Z ey
N n .
g La Z ez
v5L o e
2] o0eL = A
95, o - = £
10727 Fe zzel |
. — 4 A i
82 o =0's . PN
6L L ) 3 s L2 cmmr
08, . vael 4
ow.hM m yicy n.nn_g _
. \w 60z | 2 Lz LI |
ey p L2h
mw.ﬂ <
o] e = i
S [0 59y NN
88°L - ° ~_—- ()
6972 ] LS /\ O
68°L o W ®
0524 o - O _X_0O
162 Feoi \ !
2 o o
o
Lo 6681 I
- [RTTRN \\ //
n i Zn4°12
[ N 7
= N—/
o
Le
h
n
Le




4.15 4.10 4.05 4.00 3.95 3.90

0" L

14

4(30 4.25 4.2

15

16

'H NMR of reaction mixture 3ea

T T
-1.0

-0.5

0.5 0.0

96°¢€
86°¢
44
1424
cTL
€TL
veL
SeL
Lz,
82'L
8¢L
62,
62,
0g’L
0gL

‘ /JU

=060

T T T
1.5 1.

LeL
ceL
€e’L
192
29'L
€9°L
9L
G9'L
S9°L
viL
S
9L
L1717
8L,
8L,
FVAVA

T 1700l

6L

Z€6'L

0871
082
182
182
28,7
€8]
€82
¥8'L ]
§8°L ]
86°L
862 ]
862 1
662
008 |
00'8
zLe
€18
€18
siL'g

SL'8

u 662
16'L
Fe6'e
=66°0

5160

11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3fa



195.5
194.0
193.1

[© X @ N® WO PN -

WS =0 ® oY o 1P q
M MOOON N N NN o Q
R R B R AR B < 9
L =

==

T
200

T T T
0 140 130 120 i10 100 90 | 80 |||70 | B0 | |80 | 40| 3 20 10 0 -10

13C NMR of compound 3fa
O ph
[ ~ O,N
= -
o /
e (@)

ol it

J L »J \ "

E

T T T T T T T T T T T T T T T T
80 75 70|/ 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5

4 1.00=

TH NMR of reaction mixture 3fa



(I

T T T T T
-0.5 -1.0 -1.

1.0 0.5 0.0

n.5

TV
eI 4
8C'Y

2.0

192
€92
S92
8L
8L
082
08’2
082
082
182
182
z8'L
28'L
€82
v8'L
182
882
682
682
682
06'L 1
062 1
062
062 1
16721
1621
1627
162
L6/

6'0
0'L

Fos
| oo

25

3.0

3.5

'"H NMR of compound 3ga

T T
55 5.0 45 4.0

6.0

T T T
6.5

7.0

7.5

00—

Ty
el —

I

90

20 | 110 ||1po

i

3C NMR of compound 3ga

140 13

267N

e
26 7

€6°L

zzs

61
6l
60

zz'8
€z'8
vZ'8
28 |
528
8€'8 |
8e'8 ]
8c'g ]
6c'8
ov's |
ov's
or's
L'
8.8
8.8

6.8

8.0

5

MHMAM‘

T T T T
11.0 10.5 10.0 9.5 9.0 8

0

nee

170

180

0681~
7'E6L N
ey6L

190

g

210| 20




Lo
?
Lo
ES
Lo
L
e
—
o
N
O
Z L
[
L<
= o
c
o ,///O e
o o Fe
i [
7\ —
\ 7/ -]
o
L2 | o
=
r<
Lo
Qe
\r
= I+ P
s ~ C
\\I[HJ/W%.T.&
”|\\|\\ ?v. o~
LS Ly
-
F3 [o
= |=
= <
B
©o
r<
| v
©
| ©
©

'"H NMR of reaction mixture 3ga

Ly
ON.QV
mm.v\

et 4

S€L
0224
€L
6L,
08°L
187,
18°L
187/

T T T T T T T T T T
1.5 -0.5

70 65 6.0 55 50 45 40 35 3.0 25 2.0

60
0L

86'%

-1.0

1.0 05 0.0

28
€87/
VAW

on

16'L
W%NO.N

7.5

88'L 7
88,
68,
68,
06°Z ]
16°L ]
1621

108
v0'g”

Ph

\

o /
o)

=61

R96'L

11.0 10.5 10.0 9.5 9.0 8.5 8.0

'"H NMR of compound 3ha



'H NMR of reaction mixture 3ha

¥ N Hlo =[lo|e @ld o © oo b <+
< o|d IN @100 Qi [ o [0 0 o N LANE!
bRk 9Y elele @® N8 S SN 5 S
| R N e Y
B (- F)h
N ,/< )4
LTI
\% \K .// ) g —
ol 7T\ TN
I O \l
o i T i i o
210/| 20p| {9p|| 184] |76 | 160 |[[fs0 [[4ko[ 930 [120] §1d 00| [|d9 | do|] [70]] o [|[ls0 [ | 4o 20 10 10
13C NMR of compound 3ha
\J O pn
R
1 r( ) Z
W g P (@) O/ / CN
46 | 45 44 43 42 |41 40
L L ‘ JL A Jh
4
<
16 15 14 13 12 11 |10 o 8| 7 & 5 2 1 3



$6% 7
S0°L
90°L
62°L
og'L
zeL
veLY
S€'/
SEL
182
292
€92
9L
191
1972
89/
1271
[7AV\
8/')

T
-1.0

-0.5

e

1.0 05 0.0

1.5

—_

P L34
ey’

e p—

b

[0 M s ANRY

eZ1

¥8TE

0’8zl
£'821

-10

0

110 |

1po

e -VA)

'"H NMR of compound 3ia

€6t~
w.om_\\w
€zeL

8'cel
N.vn_\\

75 70 65 60 55 50 45 40 35 3.0 25 20

13C NMR of compound 3ia

130

14

61,7
6LL
082
182
28
582
582 ]
982 ]
182
88
68'L
68L
062
162
26°L
z6°L
€6L
v6L

|

rGet

oevl

" v

!
eerL’

v'esl —

[ RCIR

V' v6L

1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0

154

160

190 180 |170

200

21




Ut v

zey

| o zey
¢ Sty
vy
vy
Lo Le'L
zeL

€€°L

- €e'L
ve'L

ve'L

se'L

T T
-1

-1.0

T
-0.5

0.5 0.0

re pAA
g€ L
8€'L Y
Le 6L
or'L A
L

v
S5°L 4
18°2
65
VLl
SLL
9LL

9L,
=001 LL°L

Ph

L2 i
8LL —
8L°L 160
6L — Foot
08’2

08’2
182
18°L
28
v8'L

98'L
982

18721
88°L
88°L
06°L
06°L
16°L —

'H NMR of reaction mixture 3ia

1.0

T T T T T T T T T T T T
1.5

'"H NMR of compound 3ja

70 65 6.0 55 50 45 40 35 3.0 25 20

61 If 4_

o8 I

s34

€68 t
€0'8 —
S0'8 /w _ / o ———————

LE s0°8 _ u
S8 — \ G660

T T T T
1.5 11.0 10.5 10.0 9.5 9.0 8.5 B.0




n < NO Qs M@ OWL™M 9gQNCg

t< 06 | G0 ©» S|P P D WO N N O D © @

aaep SR IIIIFYIIY 398

. P o
X
TR | 4 i
[ I i
L~ | —
N N 3
f) 7-__< ___/
Q —
)
|
210 [i200] 1po |[1Ho| [174]| Y6o|| 150]] H40|| 130 124|170 [{oo " |9p] [lso [||70]] 60 = 59 |40 20 10 10
13C NMR of compound 3ja
O ph
(T
2 . —
N -
1" o\ /7 \
I W 1 st T
4.‘60 4.‘55 4.‘50 4.45 l.‘40 4.‘3@ 4.‘30 4.‘25 4.‘20 4.‘15
‘ |
J JJM L 4_4‘“—#"\«&/(“ _uul @ t
4
s}
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 7 6 5 4 3 2 1 -1 -2 -3

'"H NMR of reaction mixture 3ja




9€C—

89'€~
1re”
0P~
0%

821
62,1
6L
0g’L
0€’L
0e'L
L€

[4W
ce LN
mmuw ~
mmm 2\

L~

T
-1.0

-0.5

T T
1.5 1.0 05 0.0

'"H NMR of compound 3ka

9z

07272

T

100

119

oeech
legl

n20

9zl

v.wN_\k.

0

fAlSTAY

13C NMR of compound 3ka

1

[AANY

m.mm_\\

vsel,

140

(00472

8L 27
6.2
082
08’2
28,
z8'L ]
€82 ]
€82 ]
€82
ves ]
v8'L
v8L
s8'.
s8'L
1672
162
1672
6672
662

Ph

11.0 10.5 10.0 9.5 90 85 80| 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

79

160

170

18

L'€61 ~

190

17561

8661

210 | 2po|




)
;
[ e
\
-
L
Lo
L
Lo
- 3
Lo
et
o =004 ¥
~No —
o) o) "
Lo
L~
.-
©
e
Lo
S [=
<] o
0 H2
[
© -
e e
= ~
o N
A
@
G
o L2
= ™
T o <
Eo._\w4 Ce
-
B °
L2
©
L

'H NMR of reaction mixture 3ka

0Lk 1
b
€11
8v°Z ]
05°Z 1
zs'z |
€5z

T T T
-0.5 -1.

-1.0

R
[olel

1.0, 0.5 0.0

952
852
092y
89C
02
1272
€Lz )W
vie )w

[V A
QN.N&

8.2
082

89°€~\
ore”
SOV~
20v7

121
12711
82,1
82 L
62 L
0g™L |

e LA
LELA
2€° LN
854
8LL A
6.2
082
182
28,
z8'L
€8
€82 ]
€82
82
v8L
v8L
S8
962
962
96
862
86
86

Ph

=LTe

39

——==1 [Gl'E

W\
o /O

=20°L

1.5

1.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

'"H NMR of compound 3la



2023
1952
~193.9

\_/

/\

142.0

123.1
1423+

3
)

—47.1
_—43.2

|

423
26

7.7

T
200

T T T
140(| 130 (120 110

4.1 |4

0

£1 (pr

=
@
w
@

100

13C NMR of compound 3la

o

Wb

L 2600

L2400

L2200

L2000

L 1800

L 1600

L 1400

L 1000

L 800

600

L1400

k200

T T T T
9 8 7 6

£1 (ppm)

o

'H NMR of reaction mixture 3la



Lyl —

296"

2
Ionas

85t

85°€~
o9e”
00t

No.vV
zTv,

= FOO'L [«

89—

€27
vy
szv
9y
9ZY
8ZTY
6z
6z
oey

YAAVA
8c'L
62L
62,
Le'L—7
€e’L /
9L LN\

E
10T

Fees |
g L2

'"H NMR of compound 3ma

10

120

30

140

15!

LI’ ‘m

160

6L,
08L
187,
18°L
28°L
€8,
v8'L
86°L
66°L

J Fiee
I

o
=07 Fe

T T T
9.0

10.0 9.5

T
10.5

G991 —

170

189

190

9 €6t

210 |200

13C NMR of compound 3ma



|
A‘\'\fkum ,
e q
45|44 " 4B 42 a1 a0
N cn,
| ‘ i‘h N |
d SR
= ©N
< [S¥=}
16 15 14 |[[1z  42[ 41 o 8|7 & 5 |4 |3 2 1 o 41 2 3
"H NMR of reaction mixture 3ma
hj-cr-1h.1. fid —
2ErlocoeoBEnnhnohTTmmamERo- 222 2888
A N N N N N N NN N N N N N NS o0
= Vo
Ph
(0]
~
Ph
o /7
@)
__,Jli.,"lL,_ \ JL SOt ,,_.___J|| |

1.6 11.0 106 100 95 9.0 85

T T T

80 7.6 70 656 60 66 50 45

'"H NMR of compound 3na

40 35 30 26 20

16 10 05 00 -05 -10



hj-cr-13c. 1. fid

70)0’) w —ITFMOOOE~N®OOMO ST 0
© @ o P~ @ 0mOoOoToc M oo
== = Do o & s i ae g8
| 2l ee———| [ 173
Ph
O
P
0 /z—F’h
O
. . ‘ ; r . ; . ; . , . ; . ; ; ; - ‘ - . ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10
13C NMR of compound 3na
/ / L 1000
L 3000
L 2000
L 1000 LPh
..... _N_@{ M_L_. ?M\“ a
/L‘. 2 ;‘ 3‘, 1B 3‘ 6 3‘. 1 3‘. 2
1 (ppm)
| A
/ ‘lV L A l J\L i\ |
I |
< @
-~ o
16 15 14 13 12 11| 10| 9 8 7 & 5 |4 3 2 | ] o 1 2 3

'H NMR of reaction mixture 3na




6v'e v.

0s'e

62y

T T T T T T T T
3.5 3.0 25 20 1.0 05 0.0

1.5

5l
2504

S6'V

mm.wv.
V.91
92,91
1,97
v6°9 7§
969
LLLy
€L°LY
L LA
€2
ST LA
827 L\
62°L ~—%

=0t

LcL
st
m\_.m“v

ogL
Le'L
zeL
9927
892
9LL
1272
6171 ]
182
1872 ]
€82 ]
ve's
S8
66°L
108

95
JET
9z

vl
Jm_\._\

11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0

'"H NMR of compound 9

e
gpg L

89—

€€l

Voll

£ech

SECIq|
2521

S99t
L9z

o624

v'62L 7
w.rﬁ\
L

zoesdr

w.ov_\\
eR443
cerl
LSl

1961 ~

186

13C NMR of compound 9



HJ-62-1. 5. ser

{494,3)48(’

(4.96,4.29{
H .,l .
] SRS A
o
—_—] (]
— ' .
I '

{4.29,3.48) '

T T T T T T T T T B T T T T T T T T T T
‘ 95 9.0 8.5 s.b 7.5‘ 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0

ROESY of compound 9
HJ-62-1. 5. ser
A I
{4.94,3.48} {4.29,3.48@
&
0
ot 3.9
, 4.0
4.1
{4.96,4.29} 4.2
— @* @ 4.3
4.4
A 4.5
D} N
4.6
)
-
@ L4.8
4.9
— ) 9
7 ) 0 [
:J) o 5.1
Q 5.2
50 49 48 47 46 45 44 43 42 441 40 39 38 37 36 35 34
ROESY of compound 9

6 X-ray crystallographic data of 3ag



Empirical formula
Formula weight
Temperature/K

Crystal system

Space group
a/A
b/A
c/A

e]

o/
pr°

y/°
Volume/A3
Z
pcalcg/cm3
pw/mm-1
F(000)

Crystal size/mm3

Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c (I)]
Final R indexes [all data]

Crystal data and structure refinement

C25H1804
382.39
149.99(10)
monoclinic
P21/c
10.0932(6)
17.3340(10)
11.3690(7)
90
104.954(6)
90
1921.7(2)
4

1.322
0.089
800.0

0.13x0.12 x 0.11
Mo Ka (A =0.71073)

4.176 to 50

A1<h<11,-20<k<20,-11<1<13

8529

3382 [Rint = 0.0264, Rsigma = 0.0334]

3382/0/263
1.076

R1=10.0414, wR2 =0.0931
R1=10.0508, wR2 =0.0989

Largest diff. peak/hole / e A-30.16/-0.22



