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General experimental information:

Unless otherwise specified, all reactions were carried out under air atmosphere in oven
dried round-bottom flasks. Dimethyl 2-oxopropylphosphonate and 1,3-Indanedione were
purchased from commercial sources and were used without further purification. The
reactions were monitored by TLC visualized by UV (254 nm) and/or with iodine. Flash
chromatography was performed on 100-200 mesh silica gel using the gradient system ethyl
acetate-hexane (0-50%)/Acetone-Dichloromethane (0-30%). NMR data were recorded at
Bruker AV 400 MHz in DMSO-ds/CDCl3 using as internal standards the residual DMSO signal
for 'TH NMR (& = 2.50 ppm), CHCl; (6 = 7.26 ppm) respectively. The corresponding
deuterated solvent signal for 13C NMR were assigned as DMSO (6 = 39.51 ppm), CDCls
(77.16). Coupling constants are given in Hertz (Hz) and the classical abbreviations are used
to describe the signal multiplicities. Melting points were measured with a Bichi B-540
apparatus and are uncorrected. High resolution mass spectra were obtained using Q-TOF

mass spectrometer. All commercially available reagents were used as received.

General procedure for the synthesis of arylidine indanedione

L-Proline
@ (10 mol%)

1,3-Indanedione (1.1 mmol), aldehydes (1 mmol), and L-proline (10 mol%) were mixed in a

mortar under solvent-free conditions. The completion of the reaction was monitored by
Thin Layer Chromatography (TLC), ethyl acetate was added to the crude reaction mixture.
The reaction mixture in ethyl acetate was washed with brine and organic layers were
separated and dried over anhydrous Na;SOs and evaporated under vacuum. The crude
residues were purified by column chromatography (ethyl acetate/hexane: 1/9). Purified

compounds were characterised by comparing with literature data.!



Procedure for the preparation of Seyferth-Gilbert reagent (SGR)
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ref. 2 N, ref. 3 N>
2b 2

Dimethyl diazomethylphosphonate 2 was prepared by modifying the literature report.>3 To
a stirred suspension of NaH (576 mg, 24.0 mmol) in dry THF (30 mL) at 0 °C, added a solution
of 2-oxopropyl phosphonate 2a (2.0 g, 12.0 mmol) in dry THF (10 mL) dropwise. The
reaction mixture was stirred at 0 °C for 30 minutes and then solution of TsN3 in toluene was
added dropwise, the reaction mixture was further stirred at 25 °C for 3 h. After the
completion of reaction, as indicated by TLC, the precipitate was filtered off. Solvent was
removed on rotary evaporator and the residue was purified by column chromatography on
silica gel (Acetone/Dichloromethane = 1/9). Compound 2b was obtained as yellow liquid

(1.96 g, 83% vield).

A solution of 2b (1.92 g, 10 mmol) in 10 mL of MeOH was stirred with potassium carbonate
(276 mg, 2 mmol) at room temperature for 15 min (monitored by TLC analysis). The
precipitate was filtered off. Solvent was removed on rotary evaporator and the residue was
purified by column chromatography on silica gel (Acetone/Dichloromethane = 1/9).

Compound 2 was obtained as yellow liquid (1.3 g, 87 % vyield).
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Optimization studies by varying base, solvent and stoichiometry: Synthesis of

spiropyrazolines

O
_ Q. _ome
+ HTP\ base
o) O N, OMe solvent,time

1a 2 (1.1 equiv)

S.No | Solvent Base Equiv Yield
1 Et,O0 NaOH 2.0 <5%
2 CH3CN t-BuOK 2.0 <5%
3 CHsCN NaOEt 2.0 <5%
4 CHsCN EtaN 2.0 82%
5 CHsCN DBU 2.0 75%
6 CHsCN CsF 0.1 72%
7 CH Cl, CsF 0.1 75%
8 THF CsF 0.1 81%
9 CH3COCH;3 CsF 0.1 87%
10 Toluene CsF 0.1 56%
11 CH3COOC;Hs | CsF 0.1 79%
12 Et.O CsF 0.1 21%

Optimization studies by varying base and stoichiometry of SGR: Synthesis of

pyrazolylphthalides

o)
o)
O’ H \p\/OMe base
+ —_——
o) Q N OMe  \MeOH, 1.5h
2

1a 2
S.No | Base SGR (equiv) Yield
1 NaOMe 1.1 75%
2 t-BuOK 1.1 70%
3 K,CO3 1.1 72%
4 KOH 1.1 77%
5 NaOH 1.1 79%
6 DBU 1.1 75%
7 Na,COs 1.1 32%
8 EtsN 1.1 <5%
9 NaOH 1.5 86%




Procedures

Synthesis of spiropyrazolines 3a-3q

O
l|:|)/OMe CsF (0.1 equiv)

H <
* \ﬂ/ OMe acetone, 1.5 h
N>

1a 2 (1.1 equiv) 3a

General procedure for the synthesis of spiropyrazolines 3a-3q

To an oven-dried round bottom flask was added 2-(benzylidene)-1H-indene-1,3(2H)-dione
1a (50 mg, 0.21 mmol) and dissolved in 3 mL of acetone. Subsequently, a solution of
Seyferth Gilbert reagent (33 mg, 0.24 mmol) in 2 mL of acetone was added to the reaction
mixture and kept stirring. After addition of cesium fluoride (3.0 mg, 0.021 mmol), the
reaction mixture was stirred at 25 °C for 1.5 h. After the completion of reaction, as indicated
by TLC, solvent was evaporated off and extracted using ethyl acetate. The organic layer was
dried over Na;SO4and evaporated under reduced pressure. The residue was purified using
column chromatography (100-200 mesh silica gel) using acetone/dichloromethane as the

eluent to afford the corresponding spiropyrazoline 3a as a white solid (70 mg) in 87% yield.



Synthesis of pyrazolylphthalides of 4a — 4w

Ho pOMe NaOH
+ \n/ OMe
N MeOH, 1.5 h
2
2 (1.5 equiv)

General procedure for the synthesis of pyrazolylphthalides 4a-4w

To an oven-dried round bottom flask was added 2-(benzylidene)-1H-indene-1,3(2H)-dione
1a (50 mg, 0.21 mmol) and dissolved in 3 mL of MeOH. Subsequently, Seyferth Gilbert
reagent (48 mg, 0.33 mmol) in 2 mL of MeOH was added to the reaction mixture and kept
stirring. After addition of Sodium hydroxide (21.0 mg, 0.53 mmol), the reaction mixture was
stirred at 25 °C for 1.5 h. After the completion of reaction, as indicated by TLC, solvent was
evaporated off and extracted using ethyl acetate. The organic layer was dried over Na;SOa4
and evaporated under reduced pressure. The residue was purified using column
chromatography (100-200 mesh silica gel) using acetone/dichloromethane as the eluent to

afford pyrazolylphthalides 4a as a white solid (69 mg) in 86 % yield.



Dimethyl (1,3-dioxo-4'-phenyl-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3a)

Following the general procedure, treatment of 2-(benzylidene)-
1H-indene-1,3(2H)-dione (50 mg, 0.21 mmol) with SGR (36 mg,
0.24 mmol) in the presence of CsF (3.0 mg, 0.021 mmol) in

acetone (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 3a as a yellow solid (70

C19H17N20sP _
M W: 384 3278 mg, 87%). Ry (Acetone/Dichloromethane: 1/9) = 0.29. Mp 178-

180 °C. 3C NMR (100 MHz, ppm/CDCls): 197.1 (C), 195.4 (C), 142.6 (d, Jcp = 227.0 Hz, C),
141.6 (C), 140.1 (C), 136.6 (CH), 136.4 (CH), 131.8 (C), 129.5 (CH), 129.5 (CH), 128.7 (CH),
128.5 (CH), 128.5 (CH), 124.1 (CH), 123.5 (CH), 79.1 (d, Jer = 23.8 Hz, C), 65.3 (d, Jcp = 23.8
Hz, CH), 53.6 (d, Jcp = 5.5 Hz, CHs), 53.4 (d, Jep = 5.9 Hz, CHs). 'H NMR (400 MHz,
ppm/CDCl3): 7.98 (d, J = 7.6 Hz, 1H), 7.82 (t,J = 7.6 Hz, 1H ), 7.73 (t, J = 7.4 Hz, 1H), 7.54 (d, J
= 7.6 Hz, 1H), 7.16-7.15 (m, 3H), 6.93-6.91 (m, 3H), 4.72 (s, 1H), 3.62 (d, J = 11.6 Hz, 3H), 3.58
(d, J = 11.2 Hz, 3H). 3P NMR (161.9 MHz, CDCls): 8.95. HRMS for CioH1sN,OsP*: calcd.
[M+H]*: 385.0948, found: 385.0949.

Dimethyl (4'-(4-methoxyphenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-
5'-yl)phosphonate (3b)

Following the general procedure, treatment of 2-(4-
methoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (32 mg, 0.21 mmol) in the presence of CsF (3.0
mg, 0.019 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3b as a yellow

CaoH1gN,06P solid (59 mg, 75%). Rf(Acetone/Dichloromethane: 1/9) = 0.31.
M W: 414.3538

Mp 160-162 °C. 3C NMR (100 MHz, ppm/CDCls): 197.2 (C), 195.5
(C), 159.6 (C), 142.4 (d, Jcp= 182.0 Hz, C), 141.5 (C), 140.1 (C), 136.5 (CH), 136.2 (CH), 130.7
(CH), 130.7 (CH), 123.9 (C), 123.7 (CH), 123.4 (CH), 113.8 (CH), 113.8 (CH), 79.0 (d, Jcp= 3.6
Hz, C), 64.6 (d, Jer = 19.1 Hz, CH), 55.1 (CH3), 53.4 (d, Jep= 4.5 Hz, CHs), 53.3 (d, Jer= 4.9 Hz,
CHs). 'H NMR (400 MHz, ppm/CDCls): 7.96 (d, J = 7.6 Hz, 1H), 7.81 (t, J = 7.4 Hz, 1H), 7.73 (t,
J=7.4Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 6.83 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.4 Hz,



2H), 4.68 (s, 1H), 3.69 (s, 3H), 3.60 (d, J = 11.2 Hz, 3H), 3.58 (d, J = 11.6 Hz, 3H). 3P NMR
(161.9 MHz, CDCl3): 9.14. HRMS for CaoH20N206P*: calcd. [M+H]*: 415.1053, found:
415.1053.

Dimethyl (4'-(4-isopropylphenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-
5'-yl)phosphonate (3c)

Following the general procedure, treatment of 2-(4-
isopropylbenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.18
mmol) with SGR (30 mg, 0.20 mmol) in the presence of CsF (3.0
mg, 0.018 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 3c as a

C22H23N205P yellow solid (71 mg, 92%). Rf(Acetone/Dichloromethane: 1/9)
M W: 426.40

= 0.53. Mp 178-180 °C. 3C NMR (100 MHz, ppm/CDCls): 197.1
(C), 195.6 (C), 149.4 (C), 143.1 (d, Jep = 226.7 Hz, C), 141.6 (C), 140.3 (C), 136.5 (CH), 136.2
(CH), 129.5 (CH), 129.5 (CH), 129.0 (C), 126.6 (CH), 126.6 (CH), 124.0 (CH), 123.5 (CH), 79.6
(d, Jep = 4.1 Hz, C), 65.4 (d, Jcp = 24.0 Hz, CH), 53.6 (d, Jep= 5.6 Hz, CH3), 53.4 (d, Jep= 5.8 Hz,
CHs), 33.8 (CH), 23.9 (CHs), 23.8 (CH3). *H NMR (400 MHz, ppm/CDCls): 8.03 (d, J = 7.6 Hz,
1H), 7.86 (t, J = 7.4 Hz, 1H), 7.76 (t, J = 7.4 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.02 (d, J = 6.8 Hz,
2H), 6.87 (d, J = 6.4 Hz, 2H), 6.76-6.71 (m, 1H), 4.78 (s, 1H), 3.69 (d, J = 11.2 Hz, 3H), 3.64 (d,
J=13.6 Hz, 3H) 2.84-2.77 (m, 1H), 1.16 (d, J = 6.8 Hz, 6H). 3!P NMR (161.9 MHz, CDCls): 9.00.
HRMS for C22H24N,0sP*: calcd. [M+H]*: 427.1417, found: 427.1414.

Dimethyl (4'-(4-ethylphenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3d)

Following the general procedure, treatment of 2-(4-
ethylbenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19 mmol)
with SGR (32 mg, 0.21 mmol) in the presence of CsF (3.0 mg,
0.019 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3d as a yellow

C21H21N205P solid (69 mg, 88%). Rf(Acetone/Dichloromethane: 1/9) = 0.58.
M W: 412.37

Mp 170-172 °C. 3C NMR (100 MHz, ppm/CDCls): 197.1 (C),
195.5 (C), 144.8 (C), 143.0 (d, Jep= 226.7 Hz, C), 141.6 (C), 140.2 (C), 136.5 (CH), 136.3 (CH),



129.5 (CH), 129.5 (CH), 128.9 (C), 128.0 (CH), 128.0 (CH), 124.0 (CH), 123.5 (CH), 79.3 (d, Jcr
=4.3 Hz, C), 65.2 (d, Je.r = 23.9 Hz, CH), 53.6 (d, Jcp= 5.4 Hz, CH3), 53.3 (d, Jc.r= 5.8 Hz, CH3),
28.5 (CH,), 15.3 (CH3). *H NMR (400 MHz, ppm/CDCl3): 7.99-7.96 (m, 1H), 7.84-7.79 (m, 1H),
7.73-7.72 (m, 1H), 7.56-7.53 (m, 1H), 6.97 (d, J = 4.8 Hz, 2H), 6.84-6.81 (m, 3H), 4.71 (s, 1H),
3.65-3.57 (m, 6H), 2.53-2.50 (m, 2H), 1.13-1.09 (m, 3H). 3P NMR (161.9 MHz, CDCls): 8.98.
HRMS for C21H22N20sP*: calcd. [M+H]*: 413.1261, found: 413.1251.

Dimethyl (1,3-dioxo-4'-(p-tolyl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3e)

Following the general procedure, treatment of 2-(4-
methylbenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.20 mmol)
with SGR (33 mg, 0.22 mmol) in the presence of CsF (3.0 mg, 0.02
mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 3e as a yellow solid (70 mg,

CooH19N2O5P
MW 398 34 88%). R¢(Acetone/Dichloromethane: 1/9) = 0.41. Mp 192-194 °C.

13C NMR (100 MHz, ppm/ DMSO-de): 197.4 (C), 195.0 (C), 141.1 (C), 139.6 (C), 139.0 (d, Jcp =
182.0 Hz, C), 137.1 (C), 136.8 (CH), 136.6 (CH), 129.8 (C), 129.0 (CH), 129.0 (CH), 128.6 (CH),
128.6 (CH), 123.8 (CH), 122.8 (CH), 77.5 (d, Jcr = 3.5 Hz, C), 62.2 (d, Jcp = 19 Hz, CH), 52.8 (d,
Jep= 4.8 Hz, CH3), 52.8 (d, Jc.p = 4.8 Hz, CH3), 20.7 (CHs). *H NMR (400 MHz, ppm/DMSO-ds):
8.59 (s, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.98 (t, J = 7.2 Hz, 1H), 7.92 (t, J = 7.4 Hz, 1H), 7.66 (d, J =
7.6 Hz, 1H), 6.99 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 6.4 Hz, 2H), 4.71 (s, 1H), 3.55 (d, J = 11.2 Hz,
3H), 3.51 (d, J = 11.2 Hz, 3H), 2.21 (s, 3H). 31 PNMR (161.9 MHz, DMSO-ds): 10.14. HRMS for
C20H20N205P*: calcd. [M+H]*: 399.1104, found: 399.1092.

Dimethyl (4'-([1,1'-biphenyl]-4-yl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-
5'-yl)phosphonate (3f)

Following the general procedure, treatment of 2-([1,1'-biphenyl]-4-
ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.16 mmol) with SGR
(27 mg, 0.18 mmol) in the presence of CsF (2.0 mg, 0.016 mmol) in

acetone (3 mL) at 25 °C for 1.5 h followed by column

Ca25H21N205P chromatography afforded the product 3f as a yellow solid (66 mg,
M W: 460.41




90%). R (Acetone/Dichloromethane : 1/9) = 0.41. Mp 163-165 °C. 3C NMR (100 MHz,
ppm/CDCls): 197.0 (C), 195.4 (C), 142.5 (d, Jcp = 227.4 Hz, C), 141.6 (C), 141.3 (C), 140.2 (C),
136.7 (CH), 136.4 (CH), 130.8 (C), 130.0 (CH), 130.0 (CH), 128.9 (CH), 128.9 (CH), 127.7 (C),
127.1 (CH), 127.1 (CH), 127.0 (CH), 127.0 (CH), 124.1 (CH), 123.6 (CH), 79.2 (d, Jcp = 4.1 Hz,
C), 65.0 (d, Jcr = 23.8 Hz, CH), 53.6 (d, Jcp = 5.5 Hz, CHs), 53.4 (d, Jcp= 5.8 Hz, CHs). 'H NMR
(400 MHz, ppm/CDCls): 8.02 (d, J = 7.6 Hz, 1H), 7.84 (t, J = 7.6 Hz, 1H ), 7.72 (t, J = 7.4 Hz,
1H), 7.59 (d, J = 7.6 Hz, 1H), 7.52-7.50 (m, 2H), 7.43-7.38 (m, 4H), 7.34-7.32 (m, 1H), 7.02 (d,
J=8.4Hz, 2H), 6.78 (s, 1H), 4.82 (s, 1H), 3.69 (d, J = 11.6 Hz, 3H), 3.65 (d, J = 11.2 Hz, 3H). 3P
NMR (161.9 MHz, CDCl3): 8.78. HRMS for CasH2:N,0sP*: caled. [M+H]*: 461.1261, found:
461.1259.

Dimethyl (4'-(4-bromophenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3g)

Following the general procedure, treatment of 2-(4-
bromobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.16 mmol)
with SGR (27 mg, 0.18 mmol) in the presence of CsF (2 mg, 0.016
mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 3g as a yellow solid (63

C1oH16BN,O5P mg, 85%). Ry (Acetone/Dichloromethane: 1/9) = 0.44. Mp 204-
M W: 463.21

206 °C. 3C NMR (100 MHz, § ppm/CDCls): 196.2 (C), 194.1 (C),
140.5 (C), 138.9 (C), 137.8 (d, Jcr = 200.4 Hz, C), 135.6 (CH), 135.4 (CH), 130.9 (C), 130.3
(CH), 130.3 (CH), 130.1 (CH), 130.1 (CH), 122.9 (CH), 122.2 (CH), 121.3 (C), 61.7 (d, Jcp = 23.5
Hz, CH), 52.2 (d, Jep = 5.6 Hz, CH CHs), 52.1 (d, Jcr = 5.6 Hz, CH CHs). *H NMR (400 MHz, &
ppm/CDCls3): 8.03 (d, /= 7.6 Hz, 1H), 7.88 (t, J = 7.0 Hz, 1H), 7.81 (t, J = 7.0 Hz, 1H), 7.66 (d, J
= 7.6 Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 6.70 (s, 1H), 4.74 (s, 1H), 3.71
(d, J = 11.2 Hz, 3H), 3.67 (d, J = 11.2 Hz, 3H). 3P NMR (161.9 MHz, CDCls): 14.53. HRMS for
C19H17N20sPBr*: calcd. [M+H]*: 463.0053, found: 463.0052.
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Dimethyl(4'-(4-chlorophenyl)-2-oxo-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-5'-
yl)phosphonate (3h)

Following the general procedure, treatment of 2-(4-
chlorobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (32 mg, 0.21 mmol) in the presence of CsF (3.0
mg, 0.019 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3h as a yellow

C1oH16CIN,O5P solid (61 mg, 77%). Rs(Acetone/Dichloromethane: 1/9) = 0.49.

M W: 418.76 Mp 180-182 °C. 13C NMR (100 MHz, & ppm/DMSO-ds): 197.0 (C),
194.9 (C), 141.1 (C), 139.5 (C), 138.7 (d, Jep= 227.9 Hz, C), 136.8 (CH), 136.7 (CH), 132.7 (C),
132.2 (C), 131.0 (CH), 131.0 (CH), 128.0 (CH), 128.0 (CH), 124.0 (CH), 122.9 (CH), 76.9 (d, Jcr
= 3.7 Hz, C), 60.9 (d, Jcp = 23.6 Hz, CH), 52.9 (d, Jep= 6.2 Hz, CH3), 52.8 (d, Jcr= 5.8 Hz, CHa).
1H NMR (400 MHz, & ppm/DMSO-ds): 8.67 (s, 1H), 8.05-7.93 (m, 3H), 7.71 (s, 1H), 7.29 (d, J =
3.2 Hz, 2H), 7.00 (d, J = 4.0 Hz, 2H), 4.84 (s, 1H), 3.59 (d, J = 9.2 Hz, 3H), 3.55 (d, J = 6.0 Hz,
3H) 3P NMR (161.9 MHz, DMSO-ds): 9.90. HRMS for CigH17N20sPCl*: calcd. [M+H]*:
419.0558, found: 419.0505.

Dimethyl (4'-(3-chlorophenyl)-2-oxo-2',4'-dihydrospiro[indoline-3,3'-pyrazol]-5'-
yl)phosphonate (3i)

Following the general procedure, treatment of 2-(3-
chlorobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19 mmol)
with SGR (32 mg, 0.21 mmol) in the presence of CsF (3.0 mg,
0.019 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3i as a yellow

C19H16CIN2O5P . .
M W: 418.76 solid (74 mg, 93%). Rr(Acetone/Dichloromethane: 1/9) = 0.44.

Mp 154-156 °C. 13C NMR (100 MHz, ppm/CDCls): 196.7 (C), 195.0 (C), 142.2 (d, Jcp= 228.5
Hz, C), 141.6 (C), 140.1 (C), 136.9 (CH), 136.7 (CH), 134.5 (C), 133.9 (C), 129.9 (CH), 129.6
(CH), 129.0 (CH), 127.8 (CH), 124.3 (CH), 123.7 (CH), 78.6 (d, Jcr = 3.8 Hz, C), 64.4 (d, Jcp =
23.7 Hz, CH), 53.7 (d, Jep = 5.9 Hz, CHs), 53.4 (d, Jcp= 5.8 Hz, CHs). 'H NMR (400 MHz,
ppm/CDCl3): 8.01 (d, J = 7.6 Hz, 1H), 7.87 (t, J = 7.4 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.62 (d, J
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= 7.6 Hz, 1H), 7.18-7.11 (m, 2H), 6.93-6.86 (m, 3H), 4.67 (s, 1H), 3.67 (d, J = 11.6 Hz, 3H), 3.62
(d, J = 11.2 Hz, 3H). 3P NMR (161.9 MHz, CDCl3): 8.55. HRMS for Ci9H17N20sPCl*: calcd.
[M+H]*: 419.0558, found: 419.0572.

Dimethyl (4'-(3-methoxyphenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-
5'-yl)phosphonate (3j)

Following the general procedure, treatment of 2-(3-
methoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (32 mg, 0.21 mmol) in the presence of CsF (3.0
mg, 0.019mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3j as a yellow solid

C20H19N206P (67 mg, 86%). Rs(Acetone/Dichloromethane: 1/9) = 0.44. Mp
M W: 414.34

134-136 °C. 3C NMR (100 MHz, ppm/CDCls): 197.1 (C), 195.3 (C),
159.5 (C), 142.3 (d, Jep= 227.6 Hz, C), 141.6 (C), 140.2 (C), 136.6 (CH), 136.3 (CH), 133.1 (C),
129.5 (CH), 124.0 (CH), 123.5 (CH), 121.8 (CH), 114.8 (CH), 114.6 (CH), 79.2 (d, Jcp= 4.4 Hz,
C), 65.2 (d, Jcp = 23.8 Hz, CH), 55.2 (CHs), 53.5 (d, Jep= 5.7 Hz, CHs), 53.3 (d, Jcp= 6.1 Hz,
CHs). H NMR (400 MHz, ppm/CDCls): 7.95(d, J = 7.6 Hz, 1H), 7.80 (t, J = 7.2 Hz, 1H), 7.72 (t, J
= 7.4 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 6.96 (s, 1H), 6.8 (d, J = 8.4 Hz,
1H), 6.46 (d, J = 10.4 Hz, 2H), 4.67 (s, 1H), 3.64 (s, 3H), 3.61 (d, J = 5.6 Hz, 3H), 3.61 (d, J = 6.0
Hz, 3H). 3P NMR (161.9 MHz, CDCl3): 9.08. HRMS for CaoH20N206P*: calcd. [M+H]*:
415.1053, found: 415.1053.

Dimethyl (1,3-dioxo-4'-(o-tolyl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3k)

Following the general procedure, treatment of 2-(2-
methylbenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.20
mmol) with SGR (33 mg, 0.22 mmol) in the presence of CsF (3.0
mg, 0.02 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

CooH1gN,O5P column chromatography afforded the product 3k as a yellow
M W: 398.34

solid (70 mg, 88%). Rs(Acetone/Dichloromethane: 1/9) = 0.44.
Mp 160-162 °C. 3C NMR (100 MHz, ppm/CDCls): 197.3 (C), 195.3 (C), 142.8 (d, Jcp = 227.6
Hz, C), 141.3 (C), 140.1 (C), 136.7 (CH), 136.3 (CH), 135.9 (C), 130.9 (CH), 130.3 (CH), 129.9
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(C), 128.5 (CH), 126.3 (CH), 123.8 (CH), 123.3 (CH), 78.7 (d, Jcr = 4.5 Hz, C), 60.7 (d, Jc.p = 23.9
Hz, CH), 53.5 (d, Jcp= 5.7 Hz, CH3), 53.2 (d, Jcp= 6.1 Hz, CHs), 19.4 (CHs). *H NMR (400 MHz,
ppm/CDCls): 7.99 (d, J = 7.6 Hz, 1H), 7.83 (t, J = 7.4 Hz, 1H ), 7.74 (d, J = 7.6 Hz, 1H), 7.56 (d, J
= 7.6 Hz, 1H), 7.17 (d, J = 7.4 Hz, 1H), 7.12-7.03 (m, 2H), 6.86 (d, J = 7.6 Hz, 1H), 6.84 (s, 1H),
5.01 (s, 1H), 3.62 (d, J = 11.2 Hz, 3H), 3.56 (d, J = 11.2 Hz, 3H) 1.76 (s, 3H). 3!P NMR (161.9
MHz, CDCl3): 9.02. HRMS for Cz0H20N20sP*: calcd. [M+H]*: 399.1104, found: 399.1103. CCDC
No. 1547228.

Dimethyl (4'-(3,4-dimethoxyphenyl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-

pyrazol]-5'-yl)phosphonate (3l)

Following the general procedure, treatment of 2-(3,4-
dimethoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.17
mmol) with SGR (29 mg, 0.19 mmol) in the presence of CsF (3.0
mg, 0.017 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 3l as a yellow solid

C21H21N207P (49 mg, 65%). R (Acetone/Dichloromethane: 2/8) = 0.42. Mp
M W: 444 .37

184-186 °C. 13C NMR (100 MHz, ppm/CDCl3): 197.3 (C), 195.6 (C),
149.1 (C), 148.7 (C), 142.6 (d, Jep= 227.6 Hz, C), 141.5 (C), 140.4 (C), 136.6 (CH), 136.2 (CH),
124.0 (C), 123.9 (CH), 123.5 (CH), 122.1 (CH), 112.7 (CH), 110.7 (CH), 79.4 (d, Je.p= 4.3 Hz, C),
65.3 (d, Jcp = 24.0 Hz, CH), 55.9 (CHs), 55.7 (CHs), 53.6 (d, Jep= 5.7 Hz, CHs), 53.4 (d, Jer= 6.0
Hz, CHs). H NMR (400 MHz, ppm/CDCls): 7.99 (d, J = 7.6 Hz, 1H), 7.83 (t, J = 7.2 Hz, 1H),
7.75 (t, J = 7.4 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 6.75 (s, 1H), 6.61 (d, J = 8.8 Hz, 1H), 6.48-6.46
(m, 2H), 4.75 (s, 1H), 3.77 (s, 3H), 3.72 (s, 3H), 3.67 (d, J = 6.0 Hz, 3H), 3.64 (d, J = 6.0 Hz, 3H).
31p NMR (161.9 MHz, CDCl3): 9.13. HRMS for C21H22N207P*: calcd. [M+H]*: 445.1159, found:
445.1152.

Dimethyl (1,3-dioxo-4'-(3,4,5-trimethoxyphenyl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-

pyrazol]-5'-yl)phosphonate (3m)

Following the general procedure, treatment of 2-(3,4,5 trimethoxybenzylidene)-1H-indene-

1,3(2H)-dione (50 mg, 0.15 mmol) with SGR (26 mg, 0.17 mmol) in the presence of CsF (2.0
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mg, 0.015 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed
by column chromatography afforded the product 3m as a
yellow solid (57 mg, 80%). Rf(Acetone/Dichloromethane: 2/8) =
0.48. Mp 180-182 °C. 3C NMR (100 MHz, ppm/CDCls): 197.3 (C),
195.6 (C), 152.9 (C), 152.9 (C), 142.0 (d, Jep= 228.0 Hz, C), 141.5

(C), 140.6 (C), 137.9 (C), 136.7 (CH), 136.1 (CH), 127.0 (C), 123.7

CooHa3N,0gP
M W: 474.40 (CH), 123.5 (CH), 106.9 (CH), 106.9 (CH), 79.8 (d, Jer= 4.0 Hz, C),

65.6 (d, Je.r = 24.0 Hz, CH), 60.8 (CH3), 56.6 (CHs), 56.6 (CH3), 53.6 (d, Jer= 5.6 Hz, CH3), 53.3
(d, Jep= 6.1 Hz, CHs). *H NMR (400 MHz, ppm/CDCls): 7.95 (d, J = 7.6 Hz, 1H), 7.80 (t, J = 7.4
Hz, 1H), 7.72 (t, J = 7.4 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 6.95 (s, 1H), 6.09 (s, 2H), 4.70 (s, 1H),
3.68 (s, 3H), 3.66 (d, J = 5.2 Hz, 3H), 3.63 (d, J = 5.2 Hz, 3H), 3.61 (s, 6H). 31P NMR (161.9
MHz, CDCls): 9.10. HRMS for Ca2Ha2aN20sP*: caled. [M+H]*: 475.1265, found: 475.1277.

Dimethyl (1,3-dioxo-4'-(1H-pyrrol-2-yl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3n)

Following the general procedure, treatment of 2-(pyrrole-2-
ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.22 mmol)
with SGR (38 mg, 0.25 mmol) in the presence of CsF (3.0 mg,
0.022 mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by

C47H1gN305P column chromatography afforded the product 3n as a yellow

L M W: 373.29 J solid (66 mg, 80%). Rr(Acetone/Dichloromethane: 2/8) = 0.3.

Mp 176-178 °C. 3C NMR (100 MHz, ppm/ DMSO-ds): 198.8 (C),
151.9 (C), 136.9 (C), 134.3 (d, Jep= 232.0 Hz, C), 132.5 (C), 131.6 (C), 131.0 (CH), 124.9 (CH),
123.6 (CH), 114.6 (CH), 113.1 (CH), 100.7 (CH), 92.3 (CH), 87.0 (d, Jc.p = 4.2 Hz, C), 56.0 (d, Jcr
= 24.2 Hz, CH), 52.9 (d, Jcp= 5.7 Hz, CHs), 52.8 (d, Jcr= 5.8 Hz, CH3). 'H NMR (400 MHz,
ppm/DMSO-de): 9.17 (s, 1H), 8.10 (d, J = 7.6 Hz, 1H), 7.87 (t, J = 7 Hz, 1H), 7.67 (d, J = 7.6 Hz,
1H), 7.68-7.62 (m, 2H), 7.24 (s, 1H), 6.20 (s, 1H), 5.74 (s, 1H), 4.73 (s, 1H), 3.68 (d, J = 11.2
Hz, 3H), 3.65 (d, J = 11.2 Hz, 3H). 3P NMR (161.9 MHz, DMSO-ds): 11.10. HRMS for
C17H17N30sP*: calcd. [M+H]*: 374.0900, found: 374.0889.
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Dimethyl (1,3-dioxo-4'-(thiophen-2-yl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (30)

Following the general procedure, treatment of 2-(thiophen-2-
ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.21 mmol) with
SGR (35 mg, 0.23 mmol) in the presence of CsF (3.0 mg, 0.021

mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by column

C17H15N,05PS chromatography afforded the product 30 as a yellow solid (71
M W: 390.35

mg, 87%). Rf(Acetone/Dichloromethane: 1/9) = 0.41. Mp 172-
174 °C. 3C NMR (100 MHz, ppm/ DMSO-ds): 197.2 (C), 194.7 (C), 141.0 (C), 140.0 (C), 139.1
(C), 136.9 (CH), 136.7 (CH), 134.3 (C), 128.6 (CH), 126.9 (CH), 126.8 (CH), 123.8 (CH), 123.0
(CH), 77.6 (d, Jep= 3.7 Hz, C), 56.7 (d, Jep = 23.6 Hz, CH), 53.0 (d, Je.p= 6.1 Hz, CH3), 52.9 (d,
Jep= 5.8 Hz, CHs). *H NMR (400 MHz, ppm/DMSO-ds): 8.68 (s, 1H), 8.06-7.92 (m, 3H), 7.76
(d, J = 7.6 Hz, 1H), 7.37 (d, J = 5.2 Hz, 1H), 6.90-6.88 (m, 1H), 6.77 (d, J = 3.2 Hz, 1H), 5.14 (s,
1H), 3.61 (d, J = 11.2 Hz, 3H), 3.57 (d, J = 11.6 Hz, 3H). 3P NMR (161.9 MHz, DMSO-ds):
14.35. HRMS for C17H16N20sPS*: calcd. [M+H]*: 391.0512, found: 391.0501.

Dimethyl (4'-(naphthalen-1-yl)-1,3-dioxo-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3p)

Following the general procedure, treatment of 2-(naphthalen-1-
ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.18 mmol) with
SGR (30 mg, 0.20 mmol) in the presence of CsF (3.0 mg, 0.02

mmol) in acetone (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 3p as a yellow solid (69

C23H19N205P
L M W: 434.38 ) mg, 89%). Ry (Acetone/Dichloromethane: 1/9) = 0.44. Mp 208-

210 °C. 13C NMR (100 MHz, ppm/CDCls): 197.7 (C), 195.5 (C),
143.0 (d, Jcp = 228.0 Hz, C), 141.0 (C), 140.6 (C), 136.5 (CH), 136.0 (CH), 133.6 (C), 131.1 (C),
129.6 (CH), 129.3 (CH), 129.0 (CH), 127.4 (C), 126.3 (CH), 125.5 (CH), 125.3 (CH), 123.6 (CH),
123.1 (CH), 122.1 (C), 79.0 (d, Jcr = 3.8 Hz, C), 59.6 (d, Jcp = 23.5 Hz, CH), 53.5 (d, Jcp= 5.7
Hz, CHs), 53.4 (d, Jep= 5.7 Hz, CHs). *H NMR (400 MHz, ppm/CDCls): 7.91 (d, J = 7.6 Hz, 1H),
7.71-7.64 (m, 3H), 7.53-7.46 (m, 2H), 7.42 (d, J = 6.8 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H), 7.12-
7.03 (m, 2H), 7.11-7.07 (m, 1H), 6.83 (s, 1H), 5.73 (s, 1H), 3.69 (d, J = 11.6 Hz, 3H), 3.61 (d, J =
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11.2 Hz, 3H). 3P NMR (161.9 MHz, CDCls): 8.98. HRMS for C3H20N20sP*: calcd. [M+H]*:
435.1104, found: 435.1089.

Dimethyl (1,3-dioxo-4'-(ferrocenyl)-1,2',3,4'-tetrahydrospiro[indene-2,3'-pyrazol]-5'-
yl)phosphonate (3q)

Following the general procedure, treatment of 2-
(ferrocenylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.15
mmol) with SGR (25 mg, 0.17 mmol) in the presence of CsF
(2.0 mg, 0.02 mmol) in acetone (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product

C23H21F€N2O5P 3
M W: 492.26 q

as a yellow solid (64 mg, 87%). Rf

(Acetone/Dichloromethane : 1/9) = 0.44. Mp 220-222 °C. 3C
NMR (100 MHz, ppm/ DMSO-de): 197.9 (C), 195.7 (C), 141.2 (C), 140.2 (C), 137.2 (d, Jer =
226.1 Hz, C), 136.8 (CH), 136.3 (CH), 123.3 (CH), 122.7 (CH), 80.3 (CH), 77.0 (d, Jcr = 4.1 Hz,
C), 69.2 (CH), 68.3 (CH), 68.3 (CH), 68.3 (CH), 68.3 (CH), 68.3 (CH), 67.1 (CH), 66.7 (CH), 66.1
(CH), 57.2 (d, Jep = 24.0 Hz, CH), 52.7 (d, Jcp= 6.4 Hz, CH3), 52.4 (d, Jep= 5.7 Hz, CHs). *H
NMR (400 MHz, ppm/DMSO-de): 8.66 (s, 1H), 8.11 (s, 1H), 8.06 (s, 2H), 7.92 (s, 1H), 4.74 (s,
1H), 4.19 (s, 1H), 4.12 (s, 1H), 3.94 (s, 6H), 3.71 (d, J = 11.2 Hz, 3H), 3.65 (d, J = 11.2 Hz, 3H)
3.45 (s, 1H). 3'P NMR (161.9 MHz, DMSO-ds): 11.14. HRMS for Cy3H2:N2OsPFe*: calcd.
[M+H]*: 493.0610, found: 493.0598.

Dimethyl (4-phenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4a)

Following the general procedure, treatment of 2-(benzylidene)-
1H-indene-1,3(2H)-dione (50 mg, 0.21 mmol) with SGR (48 mg,
0.32 mmol) in the presence of NaOH (21.0 mg, 0.53 mmol) in
MeOH (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 4a as a yellow solid (69

C19H17N2O5P mg, 86%). Rs(Acetone/Dichloromethane: 2/8) = 0.42. Mp 162-
M W: 384.32

164 °C. 3C NMR (100 MHz, ppm/CDCls): 170.3 (C), 148.1 (C),
146.0 (C), 134.1 (CH), 130.0 (CH), 130.0 (CH), 129.9 (C), 129.3 (CH), 128.5 (C), 128.3 (C),
128.2 (CH), 128.2 (CH), 128.2 (CH), 126.3 (C), 125.4 (CH), 123.1 (CH), 76.0 (CH), 53.4 (CH3),
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53.4 (CHz). 'H NMR (400 MHz, ppm/CDCls): 12.70 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.61 (t, J =
7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 7.33-7.27 (m, 6H), 6.53 (s, 1H), 3.67 (d, J = 11.6 Hz, 3H),
3.58 (d, J = 11.6 Hz, 3H). 3P NMR (161.9 MHz, CDCl3): 8.52. HRMS for C19H1sN,OsP*: calcd.
[M+H]*: 385.0948, found: 385.0944.

Dimethyl (4-(4-(allyloxy)phenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4b)

Following the general procedure, treatment of 2-(4-
(allyloxy)benzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.17
mmol) with SGR (39.0 mg, 0.26 mmol) in the presence of NaOH
(17.0 mg, 0.43 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4b

CaH21NO6P as a yellow solid (55 mg, 73%). R¢ (Acetone/Dichloromethane:
M W: 440.38

2/8) = 0.31. Mp 142-144 °C. 3C NMR (100 MHz, ppm/CDCls):
170.3 (C), 158.5 (C), 148.1 (C), 134.1 (CH), 133.2 (CH), 131.2 (CH), 131.2 (CH), 129.3 (CH),
128.3 (C), 128.1 (C), 126.3 (C), 125.4 (CH), 123.1 (CH), 122.1 (C), 117.9 (CH,), 114.5 (CH),
114.5 (CH), 76.0 (CH), 68.8 (CH,), 53.4 (CHs), 53.4 (CHs). *H NMR (400 MHz, ppm/CDCls):
12.83 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H), 7.28 (d, J
= 7.6 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 6.48 (s, 1H), 6.07-6.01 (m, 1H),
5.36 (dd, J = 48.0, 11.2 Hz, 2H), 4.52 (d, J = 4.8 Hz, 2H), 3.64 (d, J = 11.6 Hz, 3H), 3.56 (d, J =
11.6 Hz, 3H). 3P NMR (161.9 MHz, CDCls): 8.88. HRMS for Cy;H2:N206P*: calcd. [M+H]*:
441.1210, found: 441.1211.

Dimethyl (4-(4-methoxyphenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4c)

Following the general procedure, treatment of 2-(4-
methoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (44.0 mg, 0.29 mmol) in the presence of NaOH
(19.0 mg, 0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4c

CooH19N2O6P
M W: 414.34

as a yellow solid (46 mg, 58%). R¢(Acetone/Dichloromethane:
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2/8) = 0.44. Mp 170-172 °C. 3C NMR (100 MHz, ppm/CDCl3): 170.3 (C), 159.5 (C), 148.1 (C),
145.9 (C), 134.0 (CH), 131.2 (CH), 131.2 (CH), 129.3 (CH), 128.3 (C), 128.2 (C), 126.3 (C),
125.4 (CH), 123.1 (CH), 121.9 (C), 113.7 (CH), 113.7 (CH), 75.9 (CH), 55.3 (CH3), 53.3 (CHs),
53.3 (CHs). *H NMR (400 MHz, ppm/CDCls): 7.76 (d, J = 7.6 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H),
7.46 (t,J = 7.4 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H),
6.51 (s, 1H), 3.82 (s, 3H), 3.67 (d, J = 11.6 Hz, 3H), 3.58 (d, J = 11.6 Hz, 3H). 3P NMR (161.9
MHz, CDCl3): 9.01. HRMS for C20H20N206P*: calcd. [M+H]*: 415.1053, found: 415.1046.

Dimethyl (3-(3-ox0-1,3-dihydroisobenzofuran-1-yl)-4-(4-phenoxyphenyl)-1H-pyrazol-5-
yl)phosphonate (4d)

Following the general procedure, treatment of 2-(4-
phenoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.15
mmol) with SGR (35 mg, 0.23 mmol) in the presence of NaOH
(15.0 mg, 0.38 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4d

Cas5H21N2OgP
M W: 476.41

as a yellow solid (56 mg, 79%). Rf(Acetone/Dichloromethane:

2/8) = 0.38. Mp 167-169 °C. 13C NMR (100 MHz, ppm/cDCls):
170.2 (C), 157.1 (C), 156.9 (C), 148.0 (C), 134.1 (CH), 131.6 (C), 129.9 (CH), 129.9 (CH), 129.6
(CH), 129.4 (CH), 127.6 (C), 127.4 (C), 126.3 (C), 125.4 (CH), 124.9 (CH), 123.6 (CH), 123.1
(CH), 120.1 (CH), 119.1 (CH), 119.1 (CH), 118.5 (CH), 76.1 (CH), 53.4 (d, Jcr = 4.9 Hz, CH3),
53.4 (d, Jep = 4.9 Hz, CHs). 'H NMR (400 MHz, ppm/CDCl3): 12.95 (s, 1H), 7.80 (d, J = 7.6 Hz,
1H), 7.63 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.39-7.28 (m, 4H), 7.15 (t, J = 7.4 Hz, 1H),
7.02-6.96 (m, 4H), 6.82 (s, 1H), 6.56 (s, 1H), 3.63 (d, J = 11.6 Hz, 3H), 3.59 (d, J = 11.6 Hz, 3H).
31p NMR (161.9 MHz, CDCl5): 8.43. HRMS for CasH22N206P*: caled. [M+H]*: 477.1210, found:
477.1234.
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Dimethyl (4-(4-(tert-butyl)phenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-

yl)phosphonate (4e)

Following the general procedure, treatment of 2-(4-(tert-
butyl)benzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.17
mmol) with SGR (39 mg, 0.26 mmol) in the presence of NaOH
(17.0 mg, 0.43 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4e

Ca3Ha5N,05P as a yellow solid (58 mg, 77%). R¢(Acetone/Dichloromethane :
M W: 440.42

2/8) = 0.41. Mp 190-192 °C. 3C NMR (100 MHz, ppm/CDCls):
170.3 (C), 151.1 (C), 148.1 (C), 134.0 (CH), 129.7 (CH), 129.7 (CH), 129.3 (C), 128.7 (C), 128.5
(C), 126.7 (C), 126.5 (CH), 125.4 (CH), 125.1 (CH), 125.1 (CH), 123.2 (CH), 76.0 (CH), 53.4
(CHs), 53.4 (CHs), 34.7 (C), 31.4 (CHs), 31.4 (CHs), 31.4 (CHs). *H NMR (400 MHz, ppm/CDCls):
12.64 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.29 (t, J
= 7.8 Hz, 3H), 7.20 (d, J = 8.0 Hz, 2H), 6.50 (s, 1H), 3.65 (d, J = 11.6 Hz, 3H), 3.57 (d, J = 11.6
Hz, 3H), 1.31 (s, 9 H).3P NMR (161.9 MHz, CDCl): 8.88. HRMS for Cy3H2sN20sP*: calcd.
[M+H]*: 441.1574, found: 441.1570.

Dimethyl (4-(4-(isopropyl)phenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4f)

Following the general procedure, treatment of 2-(4-
(isopropyl)benzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.18
mmol) with SGR (41 mg, 0.27 mmol) in the presence of NaOH
(18.0 mg, 0.45 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4f

CyoHo3N,05P as a yellow solid (61 mg, 80%). R¢(Acetone/Dichloromethane:
L M W: 426.40 )

2/8) = 0.44. Mp 178-180 °C. 3C NMR (100 MHz, ppm/CDCls):
170.3 (C), 148.8 (C), 148.1 (C), 134.0 (CH), 129.9 (CH), 129.9 (CH), 129.2 (CH), 128.7 (C),
128.5 (C), 127.1 (C), 126.3 (C), 126.3 (CH), 126.3 (CH), 125.3 (CH), 123.1 (CH), 76.0 (CH), 53.4
(d, Jep = 5.1 Hz, CHs), 53.3 (d, Jer = 18.0 Hz, CHs), 33.9 (CH), 24.0 (CHs), 24.0 (CHs). *H NMR
(400 MHz, ppm/CDCls): 12.72 (s, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.42 (t, J
= 7.4 Hz, 1H), 7.27 (s, 1H), 7.17 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.48 (s, 1H), 3.64
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(d, J = 11.6 Hz, 3H), 3.55 (d, J = 11.6 Hz, 3H), 2.92-2.85 (m, 1H), 1.23 (d, J = 7.2 Hz, 6H).3!P
NMR (161.9 MHz, CDCls): 8.85. HRMS for Ca:H2sN20sP*: calcd. [M+H]*: 427.1417, found:

427.1426.
Dimethyl (4-(4-(ethyl)phenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4g)

Following the general procedure, treatment of 2-(4-
(ethyl)benzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (44 mg, 0.29 mmol) in the presence of NaOH
(19.0 mg, 0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4g

(o]
C21H21N2O5P
M W: 412.37

as a yellow solid (75 mg, 96%). R¢(Acetone/Dichloromethane:

1/9) = 0.35. Mp 158-160 °C. 3C NMR (100 MHz, ppm/CDCls):
170.3 (C), 148.1 (C), 144.2 (C), 134.0 (CH), 130.0 (CH), 130.0 (CH), 129.3 (CH), 128.7 (C),
128.5 (C), 127.7 (CH), 127.7 (CH), 127.0 (C), 126.4 (C), 125.4 (CH), 123.1 (CH), 75.9 (CH), 53.4
(CHs), 53.4 (CH3), 28.7 (CH2), 15.6 (CHs). 'H NMR (400 MHz, ppm/CDCls): 12.85 (s, 1H), 7.73
(d,J=7.6 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.43 (t, / = 7.6 Hz, 1H), 7.27 (t, J = 8.4 Hz, 1H), 7.17
(d, J=8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.49 (s, 1H), 3.64 (d, J = 11.6 Hz, 3H), 3.55 (d, J =
11.6 Hz, 3H), 2.61 (q, J = 7.6 Hz, 2H), 1.22 (t, J = 7.4 Hz, 3H). 3'P NMR (161.9 MHz, CDCls):
9.04. HRMS for C21H22N»05": caled. [M+H]*: 413.1261, found: 413.1269.

Dimethyl (3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-4-(p-tolyl)-1H-pyrazol-5-
yl)phosphonate (4h)

Following the general procedure, treatment of 2-(4-
(methyl)benzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.20
mmol) with SGR (45 mg, 0.30 mmol) in the presence of NaOH
(20.0 mg, 0.50 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 4h as a yellow

(@]
C2oH19N205P . .
M W: 398 34 solid (68 mg, 86%). R (Acetone/Dichloromethane: 2/8) = 0.38.

Mp 184-186 °C. 13C NMR (100 MHz, ppm/CDCls): 170.3 (C), 148.1 (C), 138.0 (C), 134.1 (CH),
129.9 (CH), 129.9 (CH), 129.3 (C), 129.0 (CH), 129.0 (CH), 128.7 (d, Jcr = 18.0 Hz, C), 126.8
(C), 126.4 (C), 125.5 (CH), 123.2 (CH), 76.0 (CH), 53.4 (CHs), 53.4 (CHs), 21.4 (CHs). 'H NMR
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(400 MHz, ppm/CDCl3): 7.76 (d, J = 7.2 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.46 (t, J= 7.4 Hz, 1H),
7.29 (d, J=7.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.6 Hz, 2H), 6.47 (s, 1H), 3.66 (d, J
= 11.6 Hz, 3H), 3.56 (d, J = 11.6 Hz, 3H), 2.34 (s, 3H). 3P NMR (161.9 MHz, CDCls): 8.82.
HRMS for C20H20N205P*: caled. [M+H]*: 399.1104, found: 399.1104.

Dimethyl (4-([1,1'-biphenyl]-4-yl)-3-(3-ox0-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4i)

Following the general procedure, treatment of 2-([1,1'-biphenyl]-
4-ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.16 mmol)
with SGR (36.0 mg, 0.24 mmol) in the presence of NaOH (16.0
mg, 0.40 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by

column chromatography afforded the product 4i as a yellow

(0]
C25H21N205P solid (70 mg, 95%). Ry (Acetone/Dichloromethane: 2/8 = 0.38).
M W: 460.41

Mp 138-140 °C. 3C NMR (100 MHz, ppm/CDCls): 170.3 (C), 148.0
(C), 146.2 (C), 140.8 (C), 140.5 (C), 134.1 (CH), 130.4 (CH), 130.4 (CH), 129.3 (CH), 128.9 (CH),
128.9 (CH), 128.9 (C), 128.2 (C), 128.0 (C), 127.6 (CH), 127.1 (CH), 127.1 (CH), 126.9 (CH),
126.9 (CH), 126.4 (C), 125.4 (CH), 123.2 (CH), 76.0 (CH), 53.5 (CHs), 53.5 (CHs). *H NMR (400
MHz, ppm/CDCls): 12.84 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.8 Hz, 3H), 7.53 (d, J =
8.0 Hz, 2H), 7.46 (t, J = 7.4 Hz, 3H), 7.38-7.30 (m, 4H), 6.54 (s, 1H), 3.69 (d, J = 11.6 Hz, 3H),
3.61 (d, J = 11.6 Hz, 3H). 3'P NMR (161.9 MHz, CDCl3): 8.76. HRMS for CasH,N20sP*: calcd.
[M+H]*: 461.1261, found: 461.1214.

Dimethyl (4-(4-bromophenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4j)

Following the general procedure, treatment of 2-(4-
bromobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.16
mmol) with SGR (36 mg, 0.24 mmol) in the presence of NaOH
(16.0 mg, 0.40 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 4j as a yellow

C19H1GBFN205P
M W: 463.21

solid (55 mg, 74%). R (Acetone/Dichloromethane: 2/8) = 0.45.

Mp 158-160 °C. 13C NMR (100 MHz, ppm/CDCls): 170.2 (C), 147.8 (C), 134.2 (CH), 131.6 (CH),
131.6 (CH), 131.5 (CH), 131.5 (CH), 129.5 (CH), 128.8 (C), 127.2 (C), 127.1 (C), 126.3 (C),
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125.5 (CH), 123.2 (CH), 122.6 (C), 75.8 (CH), 53.5 (CHs), 53.5 (CH3). 'H NMR (400 MHz,
ppm/CDCls): 13.04 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.6 Hz,
1H), 7.40 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H), 7.10 (d, J = 8.4 Hz, 2H), 6.47 (s, 1H), 3.66
(d, J = 11.6 Hz, 3H), 3.58 (d, J = 11.6 Hz, 3H). 3'P NMR (161.9 MHz, CDCls): 8.26. HRMS for
C19H17BrN2OsP*: calcd. [M+H]*: 463.0053, found: 463.0053.

Dimethyl (4-(4-chlorophenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4k)

Following the general procedure, treatment of 2-(4-
chlorobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19 mmol)
with SGR (42 mg, 0.28 mmol) in the presence of NaOH (19.0 mg,
0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 4k as a yellow solid (48

C19H16CIN2O5P mg, 60%). Rf(Acetone/Dichloromethane: 1/9) = 0.40. Mp 208-
M W: 418.76

210 °C. 13C NMR (100 MHz, ppm/CDCls): 170.1 (C), 147.8 (C), 134.5 (C), 134.2 (CH), 131.3

(CH), 131.3 (CH), 129.6 (CH), 128.6 (CH), 128.6 (CH), 128.3 (C), 127.3 (C), 127.1 (C), 126.3 (C),
125.6 (CH), 123.2 (CH), 75.9 (CH), 53.5 (CHs), 53.5 (CHs). 'H NMR (400 MHz, ppm/CDCls):
7.78 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H),
7.28 (d, J = 4.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H), 6.49 (s, 1H), 3.68 (d, J = 11.6 Hz, 3H), 3.59 (d, J
= 11.6 Hz, 3H). 3P NMR (161.9 MHz, CDCl3): 8.20. HRMS for C19H17CIN2OsP*: calcd. [M+H]*:
419.0558, found: 419.0507.

Dimethyl (4-(4-fluorophenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4l)

Following the general procedure, treatment of 2-(4-
fluoroobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.20
mmol) with SGR (45 mg, 0.30 mmol) in the presence of NaOH
(20.0 mg, 0.50 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 4l as a yellow

C1oH16FN,O5P solid (50 mg, 62%). Rf(Acetone/Dichloromethane: 2/8) = 0.27.

( M W: 402.31 ) Mp 168-170 °C. 13C NMR (100 MHz, ppm/CDCls): 170.1 (C),

162.7 (d, Jor = 246.6 Hz, C), 147.8 (C), 146.1 (C), 134.2 (CH), 131.8 (d, Jer = 8.1 Hz, CH), 131.7
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(d, Jer = 8.1 Hz, CH), 129.5 (CH), 127.4 (C), 127.2 (C), 126.3 (C), 125.7 (C), 125.5 (CH), 123.1
(CH), 115.4 (d, Jer = 21.5 Hz CH), 115.3 (d, Jcr = 21.5 Hz, CH), 76.0 (CH), 53.4 (CHs), 53.4
(CH3). ™H NMR (400 MHz, ppm/CDCls): 13.04 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.4
Hz, 1H), 7.47 (t,J = 7.6 Hz, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H), 7.10 (d, J = 8.0
Hz, 2H), 6.47 (s, 1H), 3.66 (d, J = 11.6 Hz, 3H), 3.58 (d, J = 11.6 Hz, 3H). 3!P NMR (161.9 MHz,
CDCls): 8.34. HRMS for C19H17FN20sP*: calcd. [M+H]*: 403.0854, found: 403.0853.

Dimethyl (4-(3-methoxyphenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4m)

Following the general procedure, treatment of 2-(3-
methoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (44.0 mg, 0.29 mmol) in the presence of NaOH
(19.0 mg, 0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 4m as a

C20H19N206P . .
M W: 414.34 yellow solid (61 mg, 78%). Rf(Acetone/Dichloromethane: 2/8) =

0.46. Mp 162-164 °C. 3C NMR (100 MHz, ppm/CDCls): 170.3 (C), 159.2 (C), 148.0 (C), 134.0
(CH), 131.0 (CH), 129.3 (C), 129.3 (CH), 128.3 (C), 128.3 (C), 126.3 (C), 125.4 (CH), 123.1 (CH),
122.4 (C), 115.2 (CH), 114.2 (CH), 76.0 (CH), 55.3 (CH3), 53.3 (CH3), 53.3 (CH3). *H NMR (400
MHz, ppm/CDCls): 12.78 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 7.4 Hz, 1H), 7.45 (t, J =
7.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 6.85-6.80 (m, 3H), 6.52 (s, 1H),
3.77 (s, 3H), 3.66 (d, J = 11.6 Hz, 3H), 3.58 (d, J = 11.6 Hz, 3H). 3!P NMR (161.9 MHz, CDCls):
8.67. HRMS for Cy0H20N206P*: calcd. [M+H]*: 415.1053, found: 415.1049.

Dimethyl (4-(3-chlorophenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4n)

Following the general procedure, treatment of 2-(3-
chlorobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19 mmol)
with SGR (42 mg, 0.28 mmol) in the presence of NaOH (19.0 mg,
0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 4n as a yellow solid (55

C49H46CIN,O5P
M W: 418.76 mg, 69%). Rf (Acetone/Dichloromethane: 1/9) = 0.35. Mp 134-

136 °C. 13C NMR (100 MHz, ppm/CDCl3): 170.1 (C), 147.8 (C), 146.0 (C), 134.2 (CH), 133.9 (C),
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131.8 (C), 129.9 (CH), 129.5 (CH), 129.5 (CH), 128.2 (CH), 126.7 (C), 126.5 (C), 126.2 (C),
125.4 (CH), 123.0 (CH), 76.0 (CH), 53.5 (d, Jcp = 2.8 Hz, CHs), 53.4 (d, Jcp = 2.9 Hz, CH3). H
NMR (400 MHz, ppm/CDCls): 7.72 (d, J = 7.6 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.4
Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.22 (d, J = 7.6 Hz, 2H), 7.12 (d, J = 6.8 Hz, 1H), 7.04 (s, 1H),
6.51 (s, 1H), 3.67 (d, J = 11.6 Hz, 3H), 3.59 (d, J = 11.6 Hz, 3H). 3'P NMR (161.9 MHz, CDCls):
7.74. HRMS for C1oH17CIN20sP*: caled. [M+H]*: 419.0558, found: 419.0551.

Dimethyl (4-(3-bromophenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (40)

Following the general procedure, treatment of 2-(3-
bromobenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.16
mmol) with SGR (36 mg, 0.24 mmol) in the presence of NaOH
(16.0 mg, 0.40 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 40 as a yellow

C19H16BrN,O5P solid (51 mg, 69%). Rf(Acetone/Dichloromethane: 2/8) = 0.38.
M W: 463.21

Mp 160-162 °C. 3C NMR (100 MHz, ppm/CDCls): 170.1 (C),
147.8 (C), 146.2 (C), 134.2 (CH), 132.8 (CH), 132.0 (CH), 131.2 (C), 129.7 (CH), 129.6 (CH),
128.7 (CH), 126.6 (C), 126.4 (C), 126.2 (C), 125.5 (CH), 123.0 (CH), 122.0 (C), 76.1 (CH), 53.5
(d, Jep = 2.4 Hz, CH3), 53.5 (d, Jcp = 2.7 Hz, CH3). *H NMR (400 MHz, ppm/CDCl3): 7.73 (d, J =
7.6 Hz, 1H), 7.60 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.40-7.37 (m, 1H), 7.29 (d, J = 7.6
Hz, 1H), 7.18-7.13 (m, 3H), 6.51 (s, 1H), 3.67 (d, J = 11.6 Hz, 3H), 3.59 (d, J = 11.6 Hz, 3H). 3P
NMR (161.9 MHz, CDCls): 8.88. HRMS for Ci9H17BrN,OsP*: calcd. [M+H]*: 463.0053, found:
463.0053.
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Dimethyl (4-(2-methoxyphenyl)-3-(3-oxo0-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4p)

0 Following the general procedure, treatment of 2-(2-
methoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.19
mmol) with SGR (44.0 mg, 0.29 mmol) in the presence of NaOH
(16.0 mg, 0.48 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed

by column chromatography afforded the product 4p as a white

C20H19N206P solid (59 mg, 75%). Rf(Acetone/Dichloromethane: 2/8) = 0.46.
M W: 414.34

Mp 170-172 °C. 3C NMR (100 MHz, ppm/CDCls): 170.3 (C), 156.8
(C), 148.0 (C), 133.6 (CH), 132.1 (CH), 130.0 (CH), 129.1 (CH), 126.1 (C), 125.0 (CH), 123.2
(CH), 120.2 (CH), 118.7 (CH), 110.2 (C), 75.9 (CH), 55.1 (CHs), 53.4 (CHs), 53.3 (CHs). *H NMR
(400 MHz, ppm/CDCls): 12.77 (s,1H), 7.69 (s, 1H), 7.55 (t, J = 7.0 Hz, 1H), 7.42 (t, J = 7.4 Hz,
1H), 7.33 (d, J = 7.6 Hz, 1H), 7.29-7.22 (m, 2H), 6.86 (s, 1H), 6.52 (s, 1H), 3.64 (s, 3H), 3.59 (d,
J = 11.6 Hz, 6H). 31P NMR (161.9 MHz, CDCls): 8.53. HRMS for CaoH20N206P*: calcd. [M+H]"*:
415.1053, found: 415.1030.

Dimethyl (4-(3,4-dimethoxyphenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4q)

Following the general procedure, treatment of 2-(3,4-
dimethoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.17
mmol) with SGR (39 mg, 0.26 mmol) in the presence of NaOH
(17.0 mg, 0.43 mmol) in MeOH (3 mL) at 25 °C for 1.5 h

followed by column chromatography afforded the product 4q

C21H21N207P
M W: 444.37

as a yellow solid (50 mg, 67%). R (Acetone/Dichloromethane:

2/8) = 0.31. Mp 182-184 °C. 13C NMR (100 MHz, ppm/CDCls): 170.3 (C), 148.9 (C), 148.5 (C),
147.9 (C), 145.7 (C), 134.0 (CH), 129.3 (C), 128.5 (C), 128.2 (C), 126.4 (CH), 125.4 (CH), 123.1
(CH), 122.5 (CH), 122.2 (C), 113.1 (CH), 110.8 (CH), 76.0 (CH), 55.9 (CHs), 55.9 (CHs), 53.4
(CHs), 53.4 (CH3). *H NMR (400 MHz, ppm/CDCls): 12.91 (s, 1 H), 7.74 (d, J = 7.6 Hz, 1H), 7.56
(t,J = 7.4 Hz, 1H), 7.43 (t, ) = 7.6 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 6.86-6.77 (m, 3H), 6.51 (s,
1H), 3.86 (s, 3H), 3.81 (s, 3H), 3.65 (d, J = 11.6 Hz, 3H), 3.57 (d, J = 11.6 Hz, 3H). 3'P NMR
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(161.9 MHz, CDCl3): 9.07. HRMS for Cy1H22N,0,P*: 445.1159, calcd. [M+H]*: found:
445.1155. CCDC No. 1547535.

Dimethyl (4-(3,4,5-triimethoxyphenyl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-
pyrazol-5-yl)phosphonate (4r)

Following the general procedure, treatment of 2-(3,4,5-
trimethoxybenzylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.15
mmol) with SGR (35.0 mg, 0.23 mmol) in the presence of
NaOH (15.0 mg, 0.38 mmol) in MeOH (3 mL) at 25 °Cfor 1.5 h

followed by column chromatography afforded the product 4r

C22H23N,0gP as a yellow solid (48 mg, 67%). R¢(Acetone/Dichloromethane:
M W: 474.40

2/8) = 0.30. Mp 184-186 °C. 3C NMR (100 MHz, ppm/CDCls):
170.2 (C), 152.8 (C), 152.8 (C), 152.8 (C), 147.8 (C), 137.8 (C), 134.0 (CH), 129.4 (C), 128.5 (C),
128.4 (C), 126.5 (CH), 125.4 (CH), 125.2 (C), 123.2 (CH), 107.3 (CH), 107.3 (CH), 76.1 (CH),
61.0 (CHs), 56.2 (CHs), 56.2 (CHs), 53.5 (CHs), 53.5 (CHs). *H NMR (400 MHz, ppm/CDCls):
12.13 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.30 (d, J
= 7.6 Hz, 1H), 6.56 (s, 1H), 6.51 (s, 2H), 3.84 (s, 3H), 3.81 (s, 6H) 3.68 (d, J = 11.6 Hz, 3H), 3.63
(d, J = 11.6 Hz, 3H). 3P NMR (161.9 MHz, CDCl3): 9.07. HRMS for C2H24N,0sP*: calcd.
[M+H]*: 475.1265, found: 475.1268.

Dimethyl (3-(3-oxo0-1,3-dihydroisobenzofuran-1-yl)-4-(thiophen-2-yl)-1H-pyrazol-5-
yl)phosphonate (4s)

Following the general procedure, treatment of (2-(thiophen-2-
ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.21 mmol) with
SGR (48.0 mg, 0.32 mmol) in the presence of NaOH (21.0 mg, 0.53
mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by column

chromatography afforded the product 4s as a yellow solid (48 mg,

C47H5N,05PS
M W 390.35

58%). Rf(Acetone/Dichloromethane: 1/9) = 0.40. Mp 124-126 °C.

13C NMR (100 MHz, ppm/CDCls): 170.3 (C), 147.8 (C), 134.2 (CH),
129.5 (CH), 129.5 (CH), 129.4 (C), 127.3 (CH), 127.3 (CH), 126.3 (C), 125.5 (CH), 123.2 (CH),
120.7 (C), 120.5 (C), 75.8 (CH), 53.6 (CHs), 53.6 (CHs). *H NMR (400 MHz, ppm/CDCls): 12.92
(s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.33 (t, J = 7.0
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Hz, 2H), 7.01 (s, 1H), 6.99 (d, J = 6.4 Hz, 1H), 6.59 (s, 1H), 3.70 (d, J = 11.6 Hz, 3H), 3.64 (d, J =
11.6 Hz, 3H). 3P NMR (161.9 MHz, CDCls): 7.76. HRMS for C17H16N20sPS*: calcd. [M+H]*:
391.0512, found: 391.0502.

Dimethyl (4-(furan-2-yl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4t)

9 o Following the general procedure, treatment of (2-(furan-2-
v _OMe
[\_)\Ol\/le ylmethylene)-1H-indene-1,3(2H)-dione (50 mg, 0.22 mmol) with

SGR (50 mg, 0.33 mmol) in the presence of NaOH (22.0 mg, 0.55
mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by column
chromatography afforded the product 4t as a yellow solid (68 mg,

C17H15N206P 83%). Ry (Acetone/Dichloromethane: 2/8) = 0.38. Mp 178-180 °C.
M W: 374.28

13C NMR (100 MHz, ppm/CDCls): 170.6 (C), 148.0 (C), 144.8 (C),
144.3 (C), 142.7 (CH), 134.2 (CH), 129.5 (CH), 126.2 (C), 125.5 (CH), 123.3 (CH), 117.5 (C),
117.3 (C), 111.7(CH), 110.2 (CH), 76.1 (CH), 53.6 (CHs), 53.6 (CHs). *H NMR (400 MHz,
ppm/CDCl3): 7.92 (d, J = 7.2 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.54 (d, J = 7.2 Hz, 1H), 7.38 (t, J
= 7.2 Hz, 2H), 6.88 (s, 1H), 6.71 (s, 1H), 6.43 (s, 1H), 3.75 (t, J = 11.6 Hz, 6H). 3!P NMR (161.9
MHz, CDCl3): 8.58. HRMS for C17H16N206P*: calcd. [M+H]*: 375.0734, found: 375.0740.

Dimethyl (3-(3-oxo0-1,3-dihydroisobenzofuran-1-yl)-4-(1H-pyrrol-2-yl)-1H-pyrazol-5-
yl)phosphonate (4u)

0 Following the general procedure, treatment of (2-(1H-pyrrol-2-
[\_\) OMe

:OMe yl)methylene)-1H-indene-1,3(2H)-dione (50 mg, 0.22 mmol) with

SGR (50 mg, 0.33 mmol) in the presence of NaOH (22.0 mg,
0.55mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by column
chromatography afforded the product 4u as a yellow solid (73 mg,

C47H16N305 89%). Rf(Acetone/Dichloromethane: 1/9) = 0.36. Mp 160-162 °C.
M W: 373.29

13C NMR (100 MHz, ppm/CDCls): 170.2 (C), 147.3 (C), 134.5 (CH),
129.9 (CH), 126.3 (C), 125.9 (CH), 123.8 (CH), 121.8 (C), 120.4 (C), 120.0 (CH), 109.9 (CH),
109.7 (CH), 75.2 (CH), 53.8 (d, Jcp = 5.4 Hz, CHs), 53.8 (d, Jcr = 5.4 Hz, CH3). 'H NMR (400
MHz, ppm/CDCls): 11.52 (s, 1H), 10.25 (s, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.68 (t, J = 7.0 Hz, 1H),
7.57 (t,J=7.4 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 6.94 (s, 1H), 6.71 (s, 1H), 6.62 (s, 1H), 6.29 (d, J
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= 4.0 Hz, 1H), 3.76 (d, J = 11.2 Hz, 3H), 3.62 (d, J = 12.0 Hz, 3H). 3P NMR (161.9 MHz, CDCls):
9.48. HRMS for C17H17N30sP*: calcd. [M+H]*: 374.0900, found: 374.0896.

(E)-Dimethyl (4-(ferrocene-2-yl)-3-(3-oxo-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-
yl)phosphonate (4v)

Following the general procedure, treatment of (E)-2-(ferrocenyl)-
1H-indene-1,3(2H)-dione (50 mg, 0.15 mmol) with SGR (35 mg,
0.23mmol) in the presence of NaOH (15.0 mg, 0.38 mmol) in MeOH

(3 mL) at 25 °C for 1.5 h followed by column chromatography

afforded the product 4v as a yellow solid (37 mg, 50%). R¢

023H21F9N205P
M W: 492.26 (Acetone/Dichloromethane: 2/8) = 0.44. Mp 218-220°C. 3C NMR

(100 MHz, ppm/ DMSO-ds): 170.0 (C), 148.9 (C), 145.7 (C), 134.2 (CH), 129.3 (CH), 127.7 (C),
125.8 (C), 125.6 (C), 125.3 (C), 124.7 (CH), 124.0 (CH), 75.4 (CH), 74.7 (C), 69.4 (CH), 69.4
(CH), 69.4 (CH), 69.4 (CH), 69.4 (CH), 68.7 (CH), 68.4 (CH), 68.3 (C), 53.1 (CHs), 53.0 (CHs). H
NMR (400 MHz, ppm/ CDCls): 11.59 (S, 1H), 7.97 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H),
7.61 (t, J = 7.4 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.35 (s, 1H), 4.92 (s, 1H), 4.83 (s, 1H), 4.39 (s,
2H), 4.15 (s, 5H), 3.77 (d, J = 11.6 Hz, 3H), 3.64 (d, J = 11.6 Hz, 3H). 3'P NMR (161.9 MHz,
CDCls): 8.85. HRMS for Ca3H;FeN20sP*: caled. [M+Nal*: 492.0430, found: 515.0433.

(E)-Dimethyl (4-(but-1-en-1-yl)-3-(3-ox0-1,3-dihydroisobenzofuran-1-yl)-1H-pyrazol-5-

yl)phosphonate (4w)

o Following the general procedure, treatment of (E)-2-(hex-2-en-
v _OMe
[\J\OMe 1-ylidene)-1H-indene-1,3(2H)-dione (50 mg, 0.22 mmol) with

SGR (36 mg, 0.24 mmol) in the presence of NaOH (22.0 mg,
0.55 mmol) in MeOH (3 mL) at 25 °C for 1.5 h followed by
column chromatography afforded the product 4w as a yellow

C1gH24N,0O5P solid (41 mg, 50%). Rf (Acetone/Dichloromethane : 1/9) = 0.27.
M W: 376.34

Mp 178-180 °C. 3C NMR (100 MHz, ppm/CDCls): 170.4 (C),
147.9 (C), 145.0 (C), 137.9 (CH), 134.3 (CH), 129.5 (CH), 127.2 (C), 126.5 (C), 125.8 (C), 125.6
(CH), 123.6 (CH), 117.0 (CH), 76.1 (CH), 53.4 (CHs), 53.4 (CHs), 35.6 (CH3), 22.3 (CH2), 15.5
(CH3). *H NMR (400 MHz, ppm/CDCls): 7.91 (d, J = 7.6 Hz, 1H), 7.65 (t, J = 7.4 Hz, 1H), 7.54 (t,
J=7.6 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 6.59 (s, 1H), 6.20-6.05 (m, 2H), 3.75 (d, J = 11.6 Hz,
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3H), 3.72 (d, J = 12.0 Hz, 3H), 2.08 (q, J = 7.2 Hz, 2H), 1.39 (q, J = 7.2 Hz, 2H), 0.88 (t, J = 7.4
Hz, 3H). 3P NMR (161.9 MHz, CDCls): 8.85. HRMS for CigH22N20sP*: calcd. [M+H]*:
377.1261, found: 377.1256.

29



S95'E
mmm.mw

ceve]

TZLp—

906'9
aze'a
0£6'9
avTL
15T'L
B5T'L
£ar'L
EESL
zs5 L=
L0L L~

moh.iw
azeef
tzeed
vrLLA
e
008'¢

708'¢
028 (1
8E8'L

0s6'L
686'L

100 MHz/CDCl3

— 009

— v6'0

F e
Foacz

Fseo
£6'0
260

Feeo

8.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

75

9.5 9.0 8.5

0.0

PZEES-
£BE'ES
EES'ES
B8B8S'ES

rLT'S9
Nav,mmv.

STT6L
nmﬂ.mnv.

SBYETT
vS0'HZT

mNmAmﬁ/
miwﬁk
525621~k
(B8LTET—
05E'9ET

mqm.mﬂV
ovTOrT/
:33\
mmmﬁ:\

TBLEYT

86E'GHT~
B6S0°LET-

)

100 MHz/CDCl3

L

A

Lo

200 190 180 170 160 150 140 130 120 llfO( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

30



556'8—

161.9 MHz, CDCl4

-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

90 80 70 60 50 40 30 20 10

110

130

T195°€
065'E
E6S'E
TZ9'E
LB9'E

Ll {2

9LIr—

8va'
699'g
(189~
mmm,W_%
zeea

6YS'L
mmm&/
60L°L

Lell—
wqh.m\.
T6L'L
018'L
8I8'L
0S6'L
6961

||ﬂ_ 00°9

J L6'T

400 MHz/CDCly

0.0

0.5

3.0 2.5 20 1.5 1.0

3.5

8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0
f1 (ppm)

9.0

9.5

31



- o un 0w o0 Y un
o un o N oOoo N0 o = W g oW - o 0w W~
N s 1= NN OoOnNOGO VM o Mmoo Vo O - = OUN ~ W
~ -} Mo+ O WWOoMmMMm m SOUSECar S0 Sl 8o oF
oo wn T T T T NN MON NN - o~~~ 0 s TN MMMNM
a9 9 T NG BN g 2ERRE §3HAAQ0
N7 327 | B\ S A sl
OMe
100 MHz/CDCl3
|
1
| l ‘
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
o
a
o
a
|
OMe
161.9 MHz/CDCl5
130 110 90 80 70 &0 50 40 30 2 10 0 -20 f(-‘tﬂ) -60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

32



EZT'T
oeé.av

IwL'T
th.NW
BLL'T
mmh,N\
e
€09'E
€29'E
TE'E
EVIE
LYIE
LS9°E
SLI'E
S89'E

9S8L'p—

089'9
fava-]
0EL'9
8e8'9
qmw.mv
£66'9
0T0°L
0ps'L
6S5'L
ETLL
TELL
0SL'L
8L
628'L
8¥8'L
T166'L
0108

400 MHz/CDCly

ﬁ!ﬁo,ﬂ
*Vco,w

Foso

£0°T
6T
Eest

Feso
560
860

Fes0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

0.0

SEB'ET
mmw,mmv

CSLEE—

LYE'ES
SOV'ES
S95°ES
TZIES

BYT'S9
mwv.mwv

BES'BL
mﬁm,mnv.

0SY'EZT
mmm,mSV
£55'92T~
S96'8ZT~,
925621
0£2°9€T

gm.mﬂv
ZIE 0PI
mﬂ.o,?ﬁ\
333\
mmm.ei\
VIV EYT

99556 T~
SOT'L6T-"

ﬂ

100 MHz/CDCl3

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50
f1 (ppm)

210

33



866'8—

161.9 MHz/CDCl3

-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

90 80 70 60 50 40 30 20

110

130

E0T'T
m.:AHV.

rIS'T—
699E
LLSE
985'E
T65'E
009'E
609'E
Z19'€
Z9€
TETE
PEI'E
SY9'E
ES9'E

T0L'Y-
,:h,QW
BIL'Y

508'9
608'9
128'9
S£8'9
956'9
896'9
TES'L
zEs't
LYS'L
295t
9TL'L
624'L
v62'¢
608
zz8'L
9£8'L
296'L1
£96'L1
LL6'L
z66'L-

Lt nﬁi

400 MHz/CDCl3

Fe6z

—ST'T

—11'9

—86'0

10
Wm?m
Tsuﬁ

T0°T
E0°T
00'T

0.0

0.5

3.0 2.5 20 1.5 1.0

3.5

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

9.0

9.5

34



w0 o HoONU MMN~NST VLWL O T
o w0 W s 0™~ 10W0 0 AN N oo O N O o [
— < ~NH0O AN 00 O o T O oMo a -
~ i e I BT ShY- Se Rr e} 0 o M = 00 mm = m
o o T T TTTOMANNNNN oo nunm mmmm (] wn
o et AASFGT IS Saaad R B8 NN o ~ =
N =\ ¥ ST | |
100 MHz/CDClj3
|
; I
H il
| i
| " !
| h
" ! ) b
T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
o
o
N
L
|
(0]
1l
onMe
~
OMe
161.9 MHz/CDCl3
T T T T LN S S S e e B e B e B B S S B e T T T
130 110 90 80 70 &0 50 4 30 20 10 0 -20 f(*t(]) -60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

35



ETTT—

S0S'E
mmm.m/
7

ool

YILr—

918'9
mmw.mV
(86'9—
gy’
SL9L
906'L
veZe'L
886°¢L
5008

Nmo.m\
508

965'8—

400 MHz/DMSO-dg

U

2.5

M‘wa.m

*mﬁm

for

®'T
a1

Wmmd
160
Mmm.o
16°0

1.0 0.5 0.0

1.5

20

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

0.0

£99°02—

ERLTS
48425
618'TS
£98'ZS

91T'Ze
momAva.

LTS'LL
N@M.hhv

a8'zzT
Smﬁﬁ%
£09'82T
mB.mSV
otgseTs
885'98T
05£'9€T
GET'LET
Z90'8ET
0T9'6ET
188'6ET
TETTHT

LLBVET~
2V LET—

100 MHz/DMSO-dg

200 190 180 170 160 150 140 130 120 llfO ( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

36



LET'OT—

161.9 MHz/DMSO-dg

-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

90 80 70 60 50 40 30 20

110

130

SEQ'E
€99°E
089'E
60L'E

s

z10°¢
EE0'L
092t
STE'L
9EE'L
6E€'L]
8LE'L
£65'L 4
9041
ST
L2Y'L
961'L 1
0152+
1S4
815'L
8S'L
£09'£~
Tzl L~
szt
oL
£veL
094t
z9t't4
e84
928'L1
eva
stas 4
1984
£98°¢
€108
zeogd

——n T

400 MHz/CDClj

—00°9

—66'0

Ta.ﬁ
Fes1
z0'1
€6'E
66'T
£0°1
W%A
201

H/wm._u

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

0.0

37



50

6OV'ES L
L9V'ES

865°ES

ES9'ES

vZ6'v9
Nﬁ.mmv.

70

vma.mu
—3
ch.mhv.

T
100 90 80

f1 (ppm)

110

9BS'ETT Ti
LBO'¥ZT
8E0'L2T
LB0'LZT B

£99°4ZT ﬂJ

658'8ZT~F

= o
€66'6ZT-F 1JI et
-
aam.QMﬁ\. ’
—— vBL8— -

120

-130 -160 -190 -220
38

40 -60 -80 -100
f1 (ppm)

-20

ZEE'9ET g
T89'9€T F — i
ERT'OPT

YeT'THT
SZSTYT

20

TESTYT
BBL'EVT

100 MHz/CDCl3

SBE'SBT~_ m—
TR0 LET =

100 80 60 40

161.9 MHz/CDCl3

120

140




B6SI'E
nwm.m/.
mmw.mw

vZLe

BEL

£69'9_
StR'9~_
qag'a

9TE' L~
Lee'ts
059°L
mmm.nv
064t
608'L
528'L
298'L
8.87L
LB8'L
(108
9E0'8

400 MHz/CDCl3

o
Tz

00T
00z
Fse1
60

96'0
T0°T

Wmoa

1.0 0.5

1.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

0.0

ETANAS
ﬂmm.mmv

ars'19
ﬁwnémv

91E'TZT
2z TET-x
ez6zz1/
LBTOET
qu_oﬂW
£88'0ET
PoYSET
bZ9'SET
TL99ET
L06BET
SLERET
L15°06T

860 V6T~
¥ZT96T—

100 MHz/CDCl; + DMSO-dg

190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
f1 (ppm)

200

39



g
161.9 MHz/CDCl; + DMSO-dg

—14,526

T T T T T T T T T T T

T
130 110 90

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

T T
-60 -80 -100 -120 -140 -160 -180 -200

80 70 60 50 40 30 20 10
f1 (ppm)
o~ ~ VW o oo~ m W uwnm v
~ T O N oW o 0 5 Q™ w;nom
Ag: oo i, N O G 4 noin i an
o W 00 ~ 1~ ~N~ 0o < mmmmm
N~ NN | s
400 MHz/DMSO-dg
!
1
]
I
1]
A___A
L b I ] ot = i
8 5 8 8 8 g ]
X N 4 o B = i
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

40



0o~ Ao NNT OO @ MmN T
w0 O H o MNn ON 0N W o~ n m M~ 0 s Oy
@ “BnunuroHdaoa® 59 aRREZE
5 o= do N NN S @M a a Srmo®a~
a3 SThMmMamAaNANN S o S o NN NN
33 e i Bl S B B R R R =R B3HhinA
Vil ==\’ = v VN
100 MHz/DMSO-dg
)l
1"
il “ | L I
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
~
=]
&
o
|
I
161.9 MHz/DMSO-dg
LS o o S e S e I L L S L A N N S S B s e e e
130 110 90 80 70 60 S50 40 30 20 10 O -20 f(-40) -60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

41



0T9'E
wmm.m%

[43:N28
mwm.m\y

TL9r—

8589
LL8'9
006'9
9Z6'9
60T°L
62T'L
LYTL
09T'L
E9T'L
08T'L
E19°¢
Nmm.hV
S9L't-E
BLL
£08'L
9re'L
S98'L
£88'L
866'L
L108

400 MHz/CDCl,

-

—00'9

—86'0

Tw&
Fest

H\hmd

L6°0
66'0
860

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

0.0

LLVES
089'ES

99Z'v9
mcm.vmv

609'8L
hww.whv.

889'EZT
S6Z'YZT
£T8'LTT
966'32T
045'62T
SS8'6ZT
VOS'EET~
ZSYPET—
vmm.mmﬁ\
LTE'IET
R0 0bT
£00'THT
865'THT
ZETEYT

TT0'S6T~
TTL96T-"

100 MHz/CDCl3

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

210

42



055'8—

161.9 MHz/CDCl3

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210
f1 (ppm)

i}

90 80 70 60 50 40 30 20 10

110

130

0LS'E
SBS'E
665'E
E£19°E
LEJ'E

0L9'r—

Trv'9
ary'a
0Lv'a
199’9
599'9
189'9
989'9
656'9
oco.nk
0zo'L
6E0'L
9ES'L
§55'L
BIL I~
£08'L—
Tv6'L
096°L

400 MHz/CDCl3

89'S
Mmﬁm

0T

60
960

0T
00'T

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

0.0

43



n un n MO ™M oNOMm0 YW
W N a O WO MO MmIUM~RNS WS o~ T ON OO~
o m < TN O NASSTOT RN O W = N O OO QM
~ @ Mo - O WWwmOaoammos = = M-S 1IN in i o1
oo, wn S T TTMMMONNNNAA o o nmuwmmn mmmm
o 1 FESemen qyaads 2.8 SERR000
N | =N NS Y Y N e
100 MHz/CDCl3
| 1
|
I |
|}
1 |l
|
I .
! )
210 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)
o
[
(=)
g
OMe
1
Q
P:OMe
OMe
161.9 MHz/CDCl3
130 110 90 80 70 60 50 4 30 20 10 O -20 f(40) -60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

44



PaLT—

avs's
vhm.mV

mom.mﬂ
TETE

it
058'94
698'9
SE0'LA
6E0°L
ES0°L
£50'L
TL0'LA
mho.N4
960°LA
6602+ W
9TT'LA]

ESQT'LA
CUTL—

—

BYSL~
(o5t
ETLL-P
azeelf
[290% |
e L
1904
gase ]
808'L4
118'4A
128t
6284
StaL ]
8ra'L
£86'L
200’8~

400 MHz/CDClj

Fere

00'9

16°0

90°'T
F1s't
Bagmo

€60
0T
660
260

3.0 2:5; 20 1.5 1.0 0.5

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

0.0

98E'6T—

6ZTES
06Z'ES
LIVES
PZSES

T65'09
omwdmv

L¥9'8L
769'8L

SYE'EZT
TLLETT
9ST'9ZT
cmm.mmﬁ/
TE6'6ZT
OEE'DET
81601
8/8'SET~
qu.uﬂ\
Z99°9€T
T9T0T
ZEETHT
ESETYT
6ZTTHT

BEE'SHT~_
ZBTLET

100 MHz/CDCly

200 190 180 170 160 150 140 130 120 lflﬂ( %00 90 80 70 60 50 40 30 20 10
1 (ppm

210

45



2Z0'6—

161.9 MHz/CDCl3

-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

90 80 70 60 50 40 30 20 10

110

130

LEJ'E
Z59'E
S99°E
089'E

wﬂn.m&
BIL'E

vsLvr—

zot'a
c;mW
stb'a

0099

2299 \
Sbe'a

s85't
v09'L
veLs
€50t
L
z18's
TE8L
8t8'L
86,
00’8

L 2

400 MHz/CDCly

00'9
mﬁﬁ,m
66

Foot

€0'T
~T
-t

50T
L-0T'T
80T
M1

3.0 2.5 20 1.5 1.0 0.5

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

0.0

46



LBEES
LPP'ES
BES'ES

965'ES
EEL'SS
£98'S5:

ZET'S9
Nnv.mwv

LYEBL
cmm,mn”v

6TL0TT~
Z69TIT—

0rT'ZeT
0ES'ETT
998'€ZT
ZSE'ETT
TZT9ET
TE99ET
06E'0PT
LEBOVT
Z0S'TrT
6FS'THT
VLLEVT
S99'8¥T
BLO6YT

R ST R

TZISET~
9TELET

100 MHz/CDCly

200 190 180 170 160 150 140 130 120 11f0 ( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

TET'6—

161.9 MHz/CDCl3

A

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

47



0T9'E
LZ9'E
0r9'e
959'E
699°E
89'E

0L r—

160'9—

0S6'9—

9ES'L
mmm.h/
TzLL

ovLL
084'L

2641
0v6'L
656'L

OMe

400 MHz/CDCl3

€L'S
80'9
06'C

oot

Mlmo.u

Feot
fron

E'T
9T'T
0zt

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

0.0

TrrES
Sm.mmv
8L5°€5

wmm.mm.\

L4095
118°09

omm.mm\
066'59

LOB'BL—

T26'90T—

«mm,mwa
onm.mmav

Viatd
FeaEt
mnw.mmﬂ/
TOB'LET-E
mﬁm.o.».n.v.
LSY'TPRT
mmﬂ,m:\.

BEEZST—

ESO'SET~L
TIELRT-"

Lk
A

|

100 MHz/CDCly

200 190 180 170 160 150 140 130 120 llfO( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

48



966'8—

OMe

161.9 MHz/CDCl3

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210
f1 (ppm)

i}

90 80 70 60 50 40 30 20 10

110

130

ST9'E
mqm.mﬂ
0L9€
869

8IL'r—

LELS—

902'9—

SET'L—

£29'L
oL
099°L
8L9L

rrLL
E9LL
858'L
LL8'L
S68'L
8808
L0T'8

TLT'E—

400 MHz/DMSO-dg

Foog

—S0'T

—ET'T

+-90°'T

60

86'T
80'T
m/.moA

Fzot

oT'T

3.0 2.5 20 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

0.0

49



orL'es
86475
SEB'ZS

Z68'7S
mmm.mm\»
£0T°95

Z56'98-
«mm.mmw.

SZE'T6—

T99°00T—

LTVETT~L
829'0TT—"
909°'EZT

Sv6'vZT

peRiETL
232%
£LYZET~E
vLTEETS
qm«.mE\

VEB'9ET

6Z6'TST—

68L'86T~—

100 MHz/DMSO-dg

200 190 180 170 160 150 140 130 120 llfO( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

YOT'TT—

161.9 MHz/DMSO-dg

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

50



SS5'E
ewm.m./

mmm.mw
ETIE

TG~

£9L'9
mnn.mHV.
088'9
mmm.mw
006’9
omm.hv
560t

S9L'L
V6L
awm.nv

ooc.m\
8£0'8

£89'8—

400 MHz/DMSO-dg

Foo0'g

00°T

10T
Ezot

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5

788'7S
or6'Zs
9L6°25
LED'ES
mnm.wm*

11895

SBS'LL
Nm@.nnv‘

wmmNNﬁ
omn.mwﬁ
[cR:ras
6£8'92T
B895'8ZT—
wom,ema./
mmmdmdnvh
mmm.mma

09T'6ET
STOOFT
Z66'01T

9ZLPET~—
EAT'L6T—

100 MHz/DMSO-dg

I

40

|

|

|

80

20 10

30

60 50

70

200 190 180 170 160 150 140 130 120 110 100 20
f1 (ppm)

210

51



ESE'VT—

161.9 MHz/DMSO-dg

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

009'€
me.mV

tw.mﬂ

S0LE

Ebha-
80'¢4
ST1Z'L
vz
zvz LA
09z'L
LEE'LA
8SE'L+
80t'L
£2V'L
9zt L~
652
6L1'¢
L6114
8052
ots'¢ ]
059°£
099, 4
29944
TENE
8£9'¢4
189']
8892
80s'¢ ]
s68'c ]

81624

400 MHz/CDCly

%cod

Feso

Feot

69°T
kmmd

H\woa

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

0.0

52



210

Mo RInFSLT8LUMgSnNLgLns
oo Nao AN A0 NN OHdOO0T WO a - o wnwon
~ < - o owVvwOoOUNOOSTMINMODO b=l s~ om
™~ o T A A0V UM o 0N SWWLmmo (28 =) S an:in
o a ITIITMMMOANNNNNNNNNN @ a @ g omom
- R R R i fh G S S Sl R R S S ~ =~ 0NN
V7 o A ) VY
100 MHz/CDClj
[ e
[ h 1
| I I\
- N 1 AL —— )
r T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 20 10
f1 (ppm)
~
@
9
o
|
161.9 MHz/CDCl3
S o T R I R T FEVR B e [ o B e o o e o £ ) ot e 2 ) B o o | T T T
130 110 90 80 70 60 50 40 30 20 10 O -20 f(—40) -60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

53



TS¥'E
0v9'e
me.mk
qmm.mw
zLe
wmm.m.\.

mS.q\
B:

SELY—

1264~
950'B~_
9078~

T99°8—

400 MHz/DMSO-dg

160
—06'S

ve's
.\&.s.ﬁ
50T

AN

£€6'0
L&t

Mlmmd

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

16125
BrSZS
£69'Z75
L8425
mho.nmw
1€
wqm/
T nw./.
L6T'89~—

S8B6'9L
mmo,nmv

56208~

ZTLTTT~,
6v2'€217

EVT'OET
mﬁm.mﬂk
pER'OET—
YOr'8ET/,
mwﬁoi\
69TTHT

EEL'GBT~
EV6'L6T—

20 10
54

30

40

50

60

140 130 120 110 100 20 80 70
f1 (ppm)

150

170 160

3q
100 MHz/DMSO-dg

180

190

200

210



Fe

3q
161.9 MHz/DMSO-dg

11.135

T T T T T T T T T

T T T T T T T T T T T T T T T T 1
-130 -190

: ;
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 70 90  -110 4150 -170 210
f1 (ppm)
g MO oo~~~ 0o a 0 o w;m m s 0 O
o W NO WLV N-OO ~ o N W wv o~
& REGENIITAMAANNAN @B a0
o i R e R S mo e
| ARG LSS R
400 MHz/CDCl3
m
|
1 A
—_— D —
h LY x
i 8338 8 )
£ Srlve % i
A R S T S A S S A M s S
145 135 125 115 10.5 95 90 85 80 (7.5 )7.0 65 60 55 50 45 40 3.5 30 25 20 15 1.0 05 0.0
1 (ppm

55



w NN D NOD ONO WO O
- MO -MDBONNNOSMo = ~
~N OO0 OB MmU M N M < o~ -
o WY & OO0 oW 000 W WM 2 >
= TTMMNNN N NN N NN I o
o A gl R B Sl S s QR 263 = n
\ S e— I I
100 MHz/CDCly
|
|
|
1
|
|
) ki 5 |
r T T T T T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10
f1 (ppm)
-
2]
@
|
1
(0]
H 11 _OMe
N
161.9 MHz/CDCl3
" ]
r T T T T T iy T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -3? ( 550 =70 -90 -110 -130 -150 -170 -1%0 -210
1 (ppm

56



TrS'E
0LS'E
6Z9'E
859'E

615t
I .vv.

88'S
vﬁm,m/n
va.mV‘

SEV'S

100°9
So.m4
tzo'a

og_ﬁ_‘
£50'9
ocoad]
£80'9+4
£60'9+
z81'94
818'94
6£8'9
1974
Z8T1'L
0924
ezt
62’44
9zv's
vt
gap's ]
955'L

Sts't

£65'L

6ELL

85l

EEBTT—

400 MHz/CDCl3

00°9

- *mo.m

Tﬂm,o

26'0

— O e
Mm:
%E,ﬁ
= = 0T

- F96°0

S6'0

39 25 28 15 10 05 0.0

3.5

55 50 45 4.0

6.0

6.5

7.0

7.5
f1 (ppm)

85 8.0

9.0

13.5 125 11.5 10.5 9.5

14.5

LIEEG—

6Y8'89—

900'9L—

ZIS'PIT
SL8YLTT
ﬁmdmmﬁ/
6ET'ETT
86£'SZT
Nmm,mﬁ/
PITRZT
mmNmZW
Bm.mﬁ.\
TLTTET
ESTEET
TLOPET

060 8BYT—

988G T—

TIE0LT—

100 MHz/CDCl3

200 190 180 170 160 150 140 130 120 1%0( %00 90 80 70 60 50 40 30 20 10
1 (ppm

210

57



161.9 MHz/CDCl3

—=8 884

T
110

T T T
90 80 70 60 50 40

T
30

T

T T T T T T

T
-130

T
-190

T T 1

130 10 0 -0 -30 -50 70 -90 -110 -150 -170 -210
f1 (ppm)
Mg N NN OO N0 WY W o A0 -
l\U’!Ha\thOQHU\M-Ao\&NO = 0w o w
~hBhnsIIMANONS® 00 & ©nn
o S N S S S S S S e S o ST« L= B mmmmm
e et N
400 MHz/CDCl3
1
1
|
1
et i,
moaMLm k& s
588485388 878
H A AN O m m m
T T T T T T T T T T T T T T T T T T T T T T T T T T T |
145 13.5 125 11.5 10.5 95 9.0 85 s.cf (7.5 )7. 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm

58



m — W m NS O MON - © 0
N i © = R AN~ mT O ™~ 1n o
m < oo O-F NN 0O M- ™ = N o=
o @ © 1 SO0 W SWE M am a M m
~ wn T T MmMmoN NN NN A wn n m
o o 33 S o aa oo o ~ non

¥ == e | | \/

100 MHz/CDCly
|
1
] X !
|
| I |
|
. L FUOTPP o IR LL - M " o o
PV g P W AN W bty
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
=
(0]
H 11_OMe
N P:
OMe
161.9 MHz/CDCl3
|
T T | E e S e e B o s | T Tt T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 O -20 » (—40) 60 -80 -100 -120 -140 -160 -180 -200
1 (ppm

59



vLSE
£09'E
6T9'E
8v9'E
wmm,j
mum.mj
£96'9
mmm.w,‘
86'94
0669
000£+
020"
82T
YLy
S9T'L
08Z°4
962'£ )
TIE L~
oeeL /¢
£5E'L
pLE L
EGE'L
8812
£05'L
9z5'L ]
909'¢4
szo'td
zv9'L]
TR
Lo8'Ld

T

YS6'TT—

<
o
O

400 MHz/CDCl3

wcod

860

05 0.0

1.0

1.5

2.0

2.5

3.0

3.5

50 45 4.0

6.5 6.0 5.5

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

0SE'ES
mmm.mmv

LLO9L—

ZESBIT
BET'BTT
00T'0ZT
660'EZT
6ZIETT
14821
ZTP'SeT
98T'9ZT~Z
9V LT
S09°£2ZT
T8E'RLT
T95'6ZT
ZS8'6ZT
BBS'TET
960'VET
ProerT—

:mdma
Nno.mmﬂv

BST'0LT—

<
o
O

100 MHz/CDCl3

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

180

60



—8415

OPh

161.9 MHz/CDCl3

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

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

130 110 90 80 70 60 50 40 30 20 10 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

<

=< hmaml\mcﬂloml\owwhl ~ 0w~ o
A=} m — Vg gmMmM-<O 0OWO WO w0 m 0 wn -
o NRNNNN YT T0NNNS A0 © @0 N M
- Lot S S S S S S S S S S S S = m m m m -

S R R S ey L RS

400 MHz/CDCl,

i . g

!
—f At bt T
2 f88r8 & g N
. aegmE & 2 i
14.5 13.5 12.5 11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05



(] W o~ HiN g O O0ONOWWL O
o ~ un m 0 W~ MM~ W0 - ™~ o v
m o o O W NNV~ M o ~ — W o~
S ) 00 ®W W8 S Wn M a = Q9 m
= oo DA NN N NN N m o < o
g ) bl ki o R o R R G4 J JA ~ in & om
I = | (N
100 MHz/CDCly
|
| | | i
I
|
[ | |
1 IL . .
r T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
o
w
«
]
|
161.9 MHz/CDCl3
J
T T T T T T T T T T T T T T T T PR T T T T T T ™
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -32 ( 550 =70 -90 -110 -130 -150 -170 -1%0 -210
1 (ppm

62



vzt
NVNAV.

ez
£98'7
88T
868'C
S16'C

svsE
A

LLS'E—

hmm.m*
9S9'E

Sev'a—
YITL
mmﬁy
19T
z8T'L )
vzt
9cze
vov' L]
e
Tor'sd
6651
5L
855«
095'¢
95t
8es'c]
80¢'¢
tzred

e

0ZLeT—

400 MHz/CDCl3

e

859

—00'9

560
161
28'T
9€'T
€01
€01
66°0

66'0

1.0 05

1.5

2.0

2.5

3.0

125 11.5 10.5 95 9.0 85 80 75 70 65 6.0 55 50 45 40 3.5
f1 (ppm)

13.5

14.5

ESR'ET
9zo're

¥ZE'EE—
E£6E'ES
wwq.mmv

000'9L~—

ZET'ETT
6YE'SZT
nmm.wma%
60%'9ZT
TLZT—
LEQ'BZT
L1L8TT

BET'6ZT
EV6'6ZT
9TO'VET

8508 T~_
£84'80T<"

6ZE0LT—

100 MHz/CDCl3

s

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

180

63



7588 —

161.9 MHz/CDCl3

-20 40 -60 -80 -100 -120 -140  -160  -180 -200
f1 (ppm)

0

10

90 80 70 60 50 40 30 20

110

130

z0T'T
aNN,ﬁW
vzt

865'T
L19°T
9€9'C
[£:k4
BES'E
899'E
£Z9E
959’

9By'9—
660'L
mS,L
29Tt
8T L]
09Z'2
182'L4
1Tt
0£t'£ 4
6t L
Sbs'L
9521
285
atee]
ceeed

i

IBTT—

ity

400 MHz/CDCI

—v«mﬁ
*ﬁ.m

109

Feso
vt
®B'T

.90'T

66°0
90'T
00'T

0.0

0.5

1.0

1.5

2.0

2.5

30

125 115 10.5 95 9.0 85 80 75 70 65 6.0 55 50 45 40 3.5
f1 (ppm)

13.5

14.5

64



o W MNO T OB H M~ BT
< 0 NN OO T OO ~ = o o~
m O NoOoOONWVUWIMM~O MM < ] ~ o0
o W <0 00000 ™M Wi m 9 L) = wn
~ T T M ON AN NN NN NNN wn m o0 w0
5 i o s > B B g B BT S 4 a kS 4
| =l | |
1
100 MHz/CDCl3 ;
|
|
]
|
T T T T T T T T T T T T T T T T T T T T T !
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
~
=
Q
i
|
161.9 MHz/CDCl3
LU
0L (. [ e e o ot I 7 5 B ) ) D o i s ) s s e B e e o i |
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -32( 550 70 -90 -110 -130 -150 -170 -190 -210
1 (ppm

65



ez

(4583
TLSE
EV9'E
TLIE

pLra—
660'¢
m:.}
594~
S8T' L]
09744
6221
267'4]
v LA
6524
LLye
995'¢ 4
586
£09'24
150°¢
oL L

i

a5 cl—

400 MHz/CDCl3

1.

“_Wmﬁ,m

M‘.oo.m

S6'T
S6'T
at'1T
T
66°0

0T

S9°0

1.0 05 0.0

1.5

30 25 20

3.5

65 6.0 55 50 45 4.0

7.0

9.0 85 80 75
f1 (ppm)

13.5 125 11.5 10.5 9.5

14.5

6SE'TZ—

BEE'EG—

VOE'SL
mcw.m\../.

owﬁhnw
BLVLL

VBT'EZT

nmq‘mma/
mmmﬁnma%
BBL'9ZT

SES'BTT
STLBZT
SED'6ZT

PYE'BZT
868'62T
L60'PET
0ZO'BET
BETBYT—

BIZE0LT—

100 MHz/CDCly

——

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

180

66



zzes—

161.9 MHz/CDCl3

IJL

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

VES'E
£29E
SL9E
YOLE

Zv5'9—
09Z'¢L

mmm_}
8TE L
age' (/]
age'L
poE' L
€84
Lev'L
ast'¢4
vev'ed
15
g5t
E9S5'L

€852
z09'24
Lzt
ave'ed

9EBTT—

400 MHz/CDCl3

o

Mlnmé

82E
69°C
68'T

i

60

05 0.0

1.0

1.5

2.0

2.5

3.5 3.0

65 6.0 55 50 45 4.0

75 7.0

125 115 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

67



8P ES—

SL6'GL—

ZaT'eeT
viv'sZT
B88E'9ZT
§98'9ZT
[Aayias
T199'42T
8v0'8ZT
622'8ZT
rS8'8ZT
8Y6'8TT
vmm.mmﬁ\
TEVOET
VEO'PET
EBYOPT~
wom.oa.\
61Z'9pT~
200801

66Z°0LT—

100 MHz/CDCl3

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

180

6SL8—

161.9 MHZ/CDCl,

-220

-190

-160

-130

40 -60 -80 -100

-20

120 100 80 60 40 20

140

f1 (ppm)

68



0LS'E
665'E
SY9'E
PLIE

ZLr9—
£60'L
32/
09Z'L~,
ezt
€62
T6EL A
ET' L
att'L
sav'z4
veYL
€95
786,
009'¢4
ove't
65L L

Y

9E0ET—

4j
400 MHz/CDCl,

009

Feso
€61
mm:
6L°T
»moa
£0°T

-

06'0

1.0 05

1.5

2.0

2.5

3.0

125 11.5 10.5 95 9.0 85 80 75 70 65 6.0 55 50 45 40 3.5
f1 (ppm)

13.5

14.5

98y ES—

6Y8'GL—

£99'7ZT
BIT'ETT
T65'SZT
6TE'9ZT
L80°LZT
¥ITLTT
9Z8'8ZT
TLS'6ZT
LBETET
TI9TET
VITPET

R NS

SLLLYT—

STT0LT—

100 MHz/CDCl3

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

180

69



S9z8—

J

161.9 MHz/CDCl3

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

0

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

88S'E
L19°E
£99'E
Z69'E

98’9 —
18TL
mo:#
0Lzt
28714
162'L
ate's )
89t°L
8L
90524
585'L
85'¢
09°£4
a09°¢
zza'e
52944
VETA
agy

2t

———

J

400 MHz/CDCl3

L

—00'9

Fs6'0

61
Mm:
%660
»mm.o
Amm.o

£6'0

0.0

0.5

1.0

1.5

2.0

2.5

30

45 4.0 35

70 65 6.0 55 5.0

9.0 85 80 75
f1 (ppm)

13.5 125 11.5 10.5 9.5

14.5

70



< 4 T HVOOoONNmMOmMY
= QO RAuMROoOWOTono ™~ ~
= @ mANmMmLL@MNGMmn 1 © o
oS ORI B i B O B B - IV « s =
~ T MM MANNNNNNNO w m
= = Wﬁ-—(v—(v—(v—‘ ~ n -

100 MHz/CDCl,

L J

—
—
-
S

A IR ‘ii“ y

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

-—8202

161.9 MHz/CDCl3

L J

r T T T T T T T T T T T T T T T =TT T T T T T T T T T T T T T T T T 1
130 110 90 80 70 60 50 40 30 20 10 0 -10 -32 ( 550 =70 -90 -110 -130 -150 -170 -190 -210
1 (ppm

71



B895'E
LBS'E
6ET'E
899'€

689
Tt6'9-
£96'9
869
(A8
mm:.j_,
6T

902'L+
092'¢
(824~
90€'L~
oy L
zav'L
8L
15t
065'£4
209°L
ot
0ar'c]

B

400 MHz/CDCl3

wood

1.0 05

1.5

2.0

2.5

3.0

3.5

50 45 4.0

6.5 6.0 5.5

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

BIVES—

ZT0'9L~—

Zn,m:
ZEr'ST v
acrEZT

mmmAmZ/
G...‘mﬁk
1ze'9z1—
sge'1z1/;
qu,mS\
mmﬁﬁﬂ\.
ZwAE\
TETVET

TLTIPT~
8B LT

ZSP'TaT—
816'€9T—

0ET'0LT—

100 MHz/CDCl3

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

180

72



LEEB—

161.9 MHz/CDCl,

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

695
mmm,m/.
praE—7
ms.m\
ELLE

615'9
008'9
918'9
0z8'91
wmw.mg
£18'9
058'9+
£LT'L
EBT Ly
etz
097'L+ f.
1824
com.nlw
8TVLT
Loy
agt'¢
6554
195'£4
IR
654
965'24
26514
oesc
a2

18LTT—

400 MHz/CDCl3

S0°T

1.0 05

1.5

2.0

2.5

30

3.5

65 6.0 55 50 45 4.0

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

73



~ o W NN~ M AdNgTMIIANM
© m S WMADT DA™ A NT O L on
I I S SordmANMdmMmo T Ao S 23
o @ W < <0 000005 MmN T i e ¢
5 ] o B I s SR o B s R B ] 2 B R
| ===\ N \ o/
100 MHz/CDCl3
1
1
\ p 1
| 1
o]
|
l Jl.[
g v L) Y
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
@
o
AQY
©
161.9 MHz/CDCl3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)



SLS'E
¥09'E
189°'€
089'E

Z15'9—
0v0°L
ZE/.
PET'L
012" L4
6224
s8z'L4
vog' 4
LEV LA
L
vLvL
SL5'LA
65'L 1
[at
STLLA
veL'Ld

e

400 MHz/CDCl3

|

S6°0
&0

€0'T
20'T
£0°T
00'T

1.0 05 0.0

1.5

2.0

2.5

3.0

125 11.5 10.5 95 9.0 85 80 75 70 65 6.0 55 50 45 40 3.5
f1 (ppm)

13.5

14.5

ZrrES
TLVES
BEVES
9ZS'ES

£L20'9L~—

TS0'EZT
9ZH'STT
L12'92T
PES'9ZT
£14°92T
£87'8ZT~"
89Y'62T
IvS'6ZT
0T6'62T
T9L'TET
6T6'EET
ZBT'VET

T08°LPT—

890'0LT—

100 MHz/CDCl3

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

180

75



SELE—

161.9 MHz/CDCl3

-20 -40 60 -80 -100 -120 -140 -160 -180 200
f1 (ppm)

0

10

90 80 70 60 50 40 30 20

110

130

BLS'E
809'E
ES9'E
Z89'E

p15'9—
LYT'L

99T 'L+
69T'L-F
vLrLd
ost e
8z L4
£0g L4
TLE L
see'td
BLEL

68€ 'L
6 'L}
86E°L

(LTAE
165t
o1t
ggs'e)

BET'ET—

400 MHz/CDCly

00'9

FS80
8L'C
€6'0
98'0
v0'T
00'T
£6'0

09°0

35 30 25 20 15 10 05 00

4.0

6.0 55 50 45

65

125 15 105 95 90 85 80 75 70
1 (ppm)

135

14.5

76



(7= Mg NN o NT O oM
=3 WO OO WA MO NN o~ owwuaon
o N AN O AR INM~NO SN ST OO wn nmoN o w
= NG SN N Do 0w e m M = nnoS T
= SEFANRARARR888R P Mmoo
5 B iR S o B S o o o = fhbn
\ T ee———— e
100 MHz/CDCl3
I
I
1
|
|
A -
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
o
=
S
w0
|
161.9 MHz/CDCl3
\
L S s e A L L S S S L B i S A B o S S s e e e |
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -3(2( 550 70 -90 -110 -130 -150 -170 -190 -210
1 (ppm

77



mnmﬁ/

L09'E~—F
9€9'E

5259'9
958’9
£zTL
EvTL
[4:TAVS
S8ZL
6TE'L
BEE'L
LBEL
ST¥L
VEV'L
SES'L
£95'L
0452
S89°L

0£L2T—

.

400 MHz/CDCl3

D

4.5 4.0

r08°C
haa

w/wo.m

00°T
&‘EA
9T
66°0
60°T
L0°T
Z6'0

M\mc.ﬂ

30 25 20 15 LG 05 00

3.5

55 50

7.0 65 6.0

75
f1 (ppm)

9.0 85 8.0

13.5 125 11.5 10.5 9.5

14.5

BO£'ES
mmm.mmv

vuo,mm\.

8ST'OTT—

nmwwﬁﬁ/
vLTozT

wmﬁ.mz”
TYO'STT~"
BET'9ZT—
Z60'62T—
Nwm.mma\‘

mma.NMﬂ\
VOI'EET
T208PT—

6Z8'95T—

EEE'DLT—

J

100 MHz/CDCl,

C

e “‘-J_—.———_n—

ke
e

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

180

78



£29'8—

ap
161.9 MHz/CDCly

-

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

i}

90 80 70 60 50 40 30 20 10

110

130

f1 (ppm)

955'E
mwm.m/
T1€9'E

~&

A

099°E
cﬂw.m\
6S8'E

8059,
04294
069+
2189+
ada |
wmw.m:f

89T'L
an.nk
LA\

EEV LT
Nmz%
zvs L

195°L4
615'L4
0€L'L4
6Lt

016ZT—

v

A

400 MHz/CDCl3

_JJl

Foo'9
109

Erwot
preoe

a1

®'o
«moé

0T

1.0 05

1.5

2.0

2.5

30

3.5

50 45 4.0

6.5 6.0 5.5

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

79



170.280

L

TmE wumOGdmww
Fhs RYNZRSLERI
Q< o S mg NmMmT =N
00 00 o~ = 000 WL MmONN
< T T M NN AN NN NN NN
das ARSI
N ===\

R

OMe

OMe

4q
100 MHz/CDCl3 )

—113.241
—110.917

~75.990

55,949
55,890
\53.397

<

T
130

T

T
100

T

180 170 160 150 140 120 110 90 80 70 60 50 40 30 20 10
f1 (ppm)
&
&
8
&
|
161.9 MHz/CDCl3
u{
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 O -20 f(-‘m) -60 -80 -100 -120 -140 -160 -180 -200
1 ppm

80



L19°€
mvm.mwm
899'¢
16977
:w.&s
ZRE

025'9~,
5559/
062'L
60€°L
8uirL
197t
S8’
TLS'L
065°L
609°L
voL'L
v8LL

TETCT—

400 MHz/CDCl3

L mwm

9%z

l

~ Mmm,ﬁ
01
6'0

e

86°0

H/nm.c

1.0 05 0.0

1.5

2.0

2.5

3.0

125 11.5 10.5 95 9.0 85 80 75 70 65 6.0 55 50 45 40 3.5
f1 (ppm)

13.5

14.5

905'E5"
85195~
r96'09~_

LET'IL—

Z6TL0T—

TLTETT
Bﬂ.mﬁ/
vLESTT
96971

69€'8ZT
SYSBZT
omimﬁ\
m:;ﬂ\
LSLLET
864 LT—

66LZ5T—

BYT'0LT—

Lada)

100 MHz/CDCl,

vkl

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

180

81



8365

161.9 MHz/CDCl3

& | o
LA e e e e e e e L L e e e B S G S e e o O
130 110 90 80 70 60 50 40 30 20 10 0 -20 -40 60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)
8 AMN B OO AN T WO~ BE T o mogm
=) W NOOO WL NO WSO ﬂah‘\N
~ BroonMNIINMANSO G ~ 0o e
S B S S v e oo om
s e 5
400 MHz/CDCl, .
[
|
{
|
s | e N Ty
A A ——
B le\ﬂlg% o
o o W o
s ScSd-ddo <
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |
145 13.5 125 11.5 10.5 95 9.0 85 s.of (7.5 )7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm

82



T o~ NN O ownoN MmO
5 & SSARRNAGR 3 g
o ~ SO O™ YUMo O o o
= = FAAN NGNS " I
= 3 ot g g R R G 0 FR B EN n
n I RIS |
100 MHz/CDClg
|
|
|
|
|
|
b | 1 - . . s ——
e L ( i VI L Wivref L) ! T i W W ot
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
o
I3
53
~
[
161.9 MHz/CDCl3
L L o 1 At s gy Ay i beipaih g e "y YRS
T T T T T T T T T T T T T T T T PR T T T T T T ™
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -32 ( 550 =70 -90 -110 -130 -150 -170 -1%0 -210
1 (ppm

83



TZLE
mvn.mv
BLLE

rEY'9
L9
188'9
09Z°L
VIE'L
8E'L
00t'L
EES'L
T85'L
ﬂﬁm.h\.
629°L
LOB'L
SZ6'L

400 MHz/CDCl3

009

Feo
640
80

H\Nm:ﬂ

16°0
€0'T
£6'0

05 0.0

1.0

1.5

2.0

2.5

3.0

3.5

65 6.0 55 50 45 4.0

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

LPIES—

Z80'9L—

6TZ0TT~_
YS9 TTT-"
1BTLIT

ome.ndﬁv

VST ETT—
SLV'STT-F
vmﬂ,mwa.\.
nn?mwa\.
02T VET—

669ZYT_
VIZ YbT—
esevrrs
a6 Lvt’

Z85'0LT—

100 MHz/CDCly

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

180

84



—8584

161.9 MHz/CDCl3

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

T
130 110 90 80 70 60 50 40 30 20 10 O -20

T T T T T T T

T T
-60 -80 -100 -120 -140 -160 -180 -200

T

-40
f1 (ppm)
i=3 -4
o~ 0 wthanvl\mmqmwvm%m o N~ S
wn ~N Mo 0OV NOMMNMO A0 O [ ™~ s MmO
= s L R I R T B B B B RS
— T L o S S S S S S oS S = BT = LT« V= SV SV U T m mm m

|
|
¢

o}

4u
400 MHz/CDCly

T TR Fiiphe, T, W —r
5 £ 1858 8583 g
o o o ooco oo oo o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
14.5 13.5 125 11.5 10.5 95 9.0 85 S.Of (7.5 )7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
1 (ppm

85



~ m OO0 WwA AN n o
- <t MU N =000 - - ~N
~ " SN~ MmO 59 a g0
o ~ T O VLM -HOON o > rt o2
5 3 aRgaNAN g 85 i ad
SNe=seN N | '
~
“OMe
(e]
4u
100 MHz/CDCl,
5 I A i | |
l | )
" oy ds "y by " ko matby
o opbeesroi.
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

9477

e}

4u
161.9 MHz/CDCly

130

T T T T 1

110 90 80 70 60 50 40 30 20 10

T

0

T

T

-20

S 2 B b 7 ) R 3
-40 -60 -80 -100 -120 -140 -160 -180
f1 (ppm)

T

-200

86



SZIE
vmm.mv
69L'E
wmhm\
Ty
SBE'Y
628'7-F
96t
962'5"

09Z°L
0SE'L
(4344
T6¥'L
885,
909'L
529'L
60L°L
LeL'L
apL'L
G96'L
¥86'L

T65'TT—

I
—r—t
Ll

400 MHz/CDCl3

- M\Qd

= 06'0
96'0
00'T

A 06'0

05 0.0

1.0

1.5

2.0

2.5

3.0

3.5

50 45 4.0

6.5 6.0 5.5

75 7.0

125 11.5 10.5 95 9.0 85 8.0
f1 (ppm)

13.5

14.5

686'Z5
ovo.mmv

962'89
nmv.wmv.
85989
BYE'6Y

mmuﬁﬁ
£2'SL

SZ0'WZT
VELVTT-L

nmm.mwﬁ
mnm,mNAN
mmn.qu\
66Z'6ZT
GET'VET

Qw.mi
mHmAmiv
sse8rT"

SER'6IT—

100 MHz/CDCl3

=

——d

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

180

87



669'6—

161.9 MHz/CDCl3

wy

i

-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

90 80 70 60 50 40 30 20 10

110

130

198'0
mnwdw
868'0

99€'T
veET
SEN
0z4'T
1507
L0z
2607
60T

E0L'E
EEL'E
ovL'E
BIL'E

RO

400 MHz/CDCly

00°9

vt
Fso
Emo

Wmm.o
7t
WN:

1.0 0.5

15

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 20
f1 (ppm)

0.0

88



—170.403
—147.935
—145.006
137.870
134.265
129,548
127.160
126455
125833
125.602
123,583
—117.041
76.115
53.365
35.637
22,301
13,694

/
|
i\

Q,OMe
N P~ome

(o}
4w
100 MHz/CDCl3

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

9,701

1 _OMe

(¢]
4w
161.9 MHz/CDCly

J

130 110 90 80 70 60 S50 40 30 20 10 0 -10 -30 -50 =70 -90 -110 -130
f1 (ppm)

T T T T T T

T T
-150 -170 -190 -210



