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1. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received. *H and *C NMR
spectra were recorded on a Bruker ACF300 (300 MHz) or a AMX500 (500 MHz) spectrometer. Chemical
shifts were reported in parts per million (ppm), and the residual solvent peak was used as an internal reference:
proton (chloroform & 7.26), carbon (chloroform & 77.0) or tetramethylsilane (TMS & 0.00) was used as a
reference. Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), dd
(doublet of doublet), bs (broad singlet). Coupling constants were reported in Hertz (Hz). Low resolution mass
spectra were obtained on a Finnigan/MAT LCQ spectrometer in ESI mode. All high resolution mass spectra
were obtained on a Finnigan/MAT 95XL-T spectrometer. For thin layer chromatography (TLC), Merck pre-
coated TLC plates (Merck 60 F254) were used, and compounds were visualized with a UV light at 254 nm.
Further visualization was achieved by staining with iodine. Flash chromatography separations were performed

on Merck 60 (0.040-0.063 mm) mesh silica gel.

2. Starting materials
Compounds 1a, 2k, 2n, 20, 2p were commercially available. Compounds 1b-j', 2b-k? were prepared according

to literature, respectively.



3. Optimization of reaction conditions

Table a. Investigation of reaction parameters.!

Pd(OAc), 10 mol%,
Oxidant (2 equiv)

100 °C, Solvent

1a 2a
Entry Solvent Catalyst Oxidant Temp/<C Yield/o6'!

1 MeCN Pd(OAC) » AgOAC 100 47%

2 MeCN Pd(OAC) » Agl 100 No reaction
3 MeCN Pd(OAC) , AgOOCCF; 100 55%

4 MeCN Pd(OAC) , AgSbFs 100 <10%

5 MeCN Pd(OAC) , Fe(OAc), 100 49%

6 MeCN Pd(OAC) , FeCls 100 <10%

7 MeCN Pd(OAc), Fe(CH3;COCH,CCOCHj3); 100 No reaction

8 MeCN Pd(OAC) , Fe(OAc), 100 49%

9 MeCN Pd(OAC) , FeCl, 100 <10%
10 MeCN Pd(OAC) , CuCl 100 <10%
11 MeCN Pd(OAC) » CuBr, 100 No reaction
12 MeCN Pd(OAC) » Cu(CH3ClOy), 100 No reaction
13 MeCN Pd(OAC) , CuOAc 100 16%

14 MeCN Pd(OAC) , Cu(OAc), 100 21%
15 MeCN Pd(OAC) » CuCl, 100 Compound 10

16 MeCN Pd(OAC) » Cul 100 No reaction
17 MeCN Pd(OAC) » PhI(OACc), 100 No reaction
18 MeCN Pd(OAC) , BQ 100 65%

19 MeCN Pd(OAC) » Oxones 100 Compound 9
20 MeCN Pd(OAC) » K,S,04 100 No reaction
21 MeCN Pd(OAC) » (NH,4),S,0g 100 No reaction



22 MeCN/HOAc (1:1v/v) Pd(OAC), AgOAc/Fe(OAC), 100 55%

23 MeCN/HOAc (1:1viv)  Pd(OAc) AgOAc/Fe(OAC), 120 64%
24  MeCN/HOAc (1:1viv) Pd(OAC), BQ 100 60%
25  MeCN/HOAc (2:1viv) Pd(OAC), BQ 100 69%
26 MeCN/HOAc (3:1v/v) Pd(OAc), BQ 100 81%
27 MeCN/HOAc (3:1viv) Pd(OAc), BQ 120 79%
28 MeCN/HOAc (3:1viv) Pd(OAC), BQ 80 53%
29  MeCN/HOAc (1:4viv) Pd(OAC), BQ 100 50%
30  MeCN/HOAc (3:1viv) Pd(OAC), BQIN, 100 75%
31  MeCN/HOAc (3:1viv) Pd(OAC), BQ/O, 100 47%

Reaction conditions: MeCN (2 mL), 1a (0.2 mmol, 1.0 equiv.), 2a (1.0 mmol, 5.0 equiv.), 10 mol% catalyst,
oxidant (0.4 mmol, 2.0 equiv.) at 100 °C, 24 h.

Table b. Optimization of other parameters.!

Pd(OAC), (10 mol%)

OH
O=0 iz "
+ MeCN/HOAG (2 mL)

120 . 100 °C Ph
Entry Solvent Catalyst Oxidant Temp/<C Yield/%"
1 MeCN/HOAC (3:1 V/v) Pd(OAC) BQ 100 81%
2 MeOH Pd(OAC) , BQ 100 No reaction
3 IPA Pd(OAC) , BQ 100 No reaction
4 THF Pd(OAC) BQ 80 20%
4 MeCN Pd(OAC) BQ 100 65%
5 Diglyme Pd(OAC) , BQ 100 No reaction
6 CHCl; Pd(OAC) , BQ 80 No reaction
7 Toluene Pd(OAC) , BQ 100 No reaction
8 1,4-Dioxane Pd(OAC) , BQ 100 30%
9 DCE Pd(OAC) , BQ 100 No reaction



10 DMA Pd(OAC) , BQ 100 56%
11 DMSO Pd(OAC), BQ 100 62%
12 DMF Pd(OAC), BQ 100 32%

Reaction condition: solvent (2 mL), 2-hydroxynaphthalene-1,4-dione l1a (0.2 mmol, 1 equiv),
diphenylaceteyne 2a (1 mmol, 5 equiv), 10 mol% catalyst, additives (0.4 mmol, 2 equiv), 80 or 100°C, 24 h.

4. Representative Procedure for Palladium-catalyzed Reaction.

a) Procedure for 3a synthesis:

Pd(OAc), (10 mol%)

OH
0= it
+ MeCN/HOAc (2 mL)

100 °C

1a ° 2a
To a solution of diphenylacetylene 2a (178.0 mg, 1.0 mmol) and 2-hydroxy-1,4-naphthoquinone la (34.8 mg,

0.2 mmol) in 2.0 ml of MeCN/HOAc (v/iv = 3:1), Pd(OAc), (4.5 mg, 0.02 mmol) as catalyst and 1,4-
benzoquinone (BQ) (43.2 mg, 0.4 mmol) as oxidant were added. The reaction was refluxed at 100 °C for 24 h.
The reaction mixture was cooled to room temperature, poured into H,O and extracted with DCM for 3 times,
combined organic layers were then dried over anhydrous MgSO,, filtered, and the solvent removed in-vacuum.
The crude product was purified by column chromatography on silica gel, eluted by hexane/EtOAc=25:1 then

10:1 to afford 81.3 mg (81 % yield) of the desired product 3a as dark green powder.

b) 3C-labeled experiment:

o O o
Q Q o o 13¢ 1)OH, H,0 130
©1/3c\ Eto)kOEt wc\)koa (COCl),, AICl c okt ) 2) b ¢ ‘
_— —_—
NaH, Toluene, ©/ OH OH
a reflux b fo) o
c d

1) Procedure for preparing compound d (**C-labeled-2-hydroxy-1,4-naphthoquinone) ™. To a dried two-
necked flask equipped with a magnetic stirred, and condenser was added NaH (7.0 mmol), diethyl carbonate
(5.0 mmol), and toluene (2.5 ml). The mixture was heated to reflux. A solution of ketone a (2.5 mmol) in

toluene (1.5 ml) was added dropwise with syringe over 10-20 min. After the addition, the mixture was heated



to reflux until the evolution of hydrogen ceased (3.0 — 5.0 min.). When the reaction was cooled to room
temperature, glacial acetic acid (5.0 mL) was added dropwise and a heavy, pasty solid appeared. Ice-water was
added until the solid was dissolved completely. The toluene layer was separated, and the water layer was
extracted with EtOAc three times. The combined organic solution was washed with water and brine, then dried
over MgSO,. After evaporation of the solvent, the mixture was distilled under reduced pressure and subjected
chromatography to give the desired p—keto esters b in 95% yield.

To a solution of B—keto esters b (2.0 mmol) in dry nitromethane (5.0 mL) under nitrogen was added AIC1; (6.0
mmol). After stirring for 15 min, oxalyl chloride (2.0 mmol) in dry nitromethane (2.0 mL) was added dropwise.
After 15 min the solution was heated to 80 °C for 3 h. A solution of 10% aqueous oxalic acid was added under
stirring at r.t. The resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic solution
was washed with water and brine, dried over MgSO,. After evaporation of the solvent, the mixture was
distilled under reduced pressure and subjected chromatography (DCM/EtOAc = 50:1 then 10:1) to give the
desired B—Keto Ester Oxaloylation product ¢ in 90% yield.

A solution of the compound ¢ (1.5 mmol) in 5% aqueous NaOH (20 mL) was stirred at 60 °C for 8 h. A
solution of 10% aqueous HCI (20 mL) was added, and heating was continued for 30 min. After cooling to r.t.,
the mixture was extracted with EtOAc (3 X 20 mL). The combined organic solution was washed with water
and brine, dried over MgSQ,. After evaporation of the solvent, the mixture was distilled under reduced
pressure and subjected chromatography (DCM/EtOAc = 50:1 then 4:1) to give the desired “*C-labeled-2-

hydroxy-1, 4-naphthoquinone product d in 82% vyield.

2) Procedure for 3a’a synthesis:

o
o
130 Pd(OAc); (10 mol%) @E o
| Q _ O BQ (2 eq) & ph
oH T T MeCN/HOAC (2 mL)
(o] 100 °C Ph Ph
1a 2a 3a'a Ph

To a solution of diphenylacetylene 2a (178.0 mg, 1.0 mmol) and 2-hydroxy-1,4-naphthoquinone 1a’ (35.0 mg,

0.2 mmol) in 2.0 ml MeCN/HOAc (v/v = 3:1), palladium acetate (4.5 mg, 0.02 mmol) as catalyst and 1,4-



Benzoquinone (43.2 mg, 0.4 mmol) as an oxidant were added. The reaction was refluxed at 100 °C for 24 h.
The reaction mixture was cooled to room temperature, poured into H,O and extracted with DCM for 3 times,
combined organic layers were then dried over anhydrous MgSO,, filtered, and the solvent removed in-vacuum.
The crude product was purified by column chromatography on silica gel, eluted by hexane/EtOAc=25:1 then

10:1 to afford 78.3 mg (78 % yield) of the desired product 3a’a as dark green powder.

(o] (0]
" ) OH", H,O
13 1), AICI 13
©/c‘c13 Eto)kOEt c c% (COC)2. AlCls FH OFt o) _ C
NaH, Toluene,
a' reflux b’

3) Procedure for d’ synthesist!. To a dried two-necked flask equipped with a magnetic stirred, and condenser
was added NaH (7.0 mmol), diethyl carbonate (5.0 mmol), and toluene (2.5 ml). The mixture was heated to
reflux. A solution of ketone a* (2.5 mmol) in toluene (1.5 ml) was added dropwise with syringe over 10-20 min.
After the addition, the mixture was heated to reflux until the evolution of hydrogen ceased (3.0 — 5.0 min.).
When the reaction was cooled to room temperature, glacial acetic acid (5.0 mL) was added dropwise and a
heavy, pasty solid appeared. Ice-water was added until the solid was dissolved completely. The toluene layer
was separated, and the water layer was extracted with EtOAc three times. The combined organic solution was
washed with water and brine, then dried over MgSO,. After evaporation of the solvent, the mixture was
distilled under reduced pressure and subjected chromatography to give the desired p—keto esters b* in 92%
yield.

To a solution of p—keto esters b* (2.0 mmol) in dry nitromethane (5.0 mL) under nitrogen was added AIC1; (6.0
mmol). After stirring for 15 min, oxalyl chloride (2.0 mmol) in dry nitromethane (2.0 mL) was added dropwise.
After 15 min the solution was heated to 80 °C for 3 h. A solution of 10% aqueous oxalic acid was added under
stirring at r.t. The resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic solution
was washed with water and brine, dried over MgSQ,. After evaporation of the solvent, the mixture was
distilled under reduced pressure and subjected chromatography (DCM/EtOAc = 50:1 then 10:1) to give the
desired p—Keto Ester Oxaloylation product c' in 87% yield.

A solution of the compound ¢' (1.5 mmol) in 5% aqueous NaOH (20 mL) was stirred at 60 °C for 8 h. A
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solution of 10% aqueous HCI (20 mL) was added, and heating was continued for 30 min. After cooling to r.t.,
the mixture was extracted with EtOAc (3 X 20 mL). The combined organic solution was washed with water
and brine, dried over MgSQO,. After evaporation of the solvent, the mixture was distilled under reduced
pressure and subjected chromatography (DCM/EtOAc = 50:1 then 4:1) to give the desired *C-labelled-2-

hydroxy-1,4-naphthoquinone product d' in 75% yield.

4) Procedure for 3a”a synthesis:

o

0

13C\c13 Pd(OAc), (10 mol%) 132
o+ O =D i %y
OH MeCN/HOAc (2 mL) )

o 100 °C Ph—X Ph

1a" 2a 3a"a

Ph

To a solution of diphenylacetylene 2a (178.0 mg, 1.0 mmol) and 2-hydroxy-1,4-naphthoquinone 1a” (35.2 mg,
0.2 mmol) in 2.0 ml MeCN/HOACc (v/v = 3:1), palladium acetate (4.5 mg, 0.02 mmol) as catalyst and 1,4-
Benzoquinone (43.2 mg, 0.4 mmol) as an oxidant were added. The reaction was refluxed at 100 °C for 24 h.
The reaction mixture was cooled to room temperature, poured into H,O and extracted with DCM for 3 times,
combined organic layers were then dried over anhydrous MgSOQ,, filtered, and the solvent removed in-vacuum.
The crude product was purified by column chromatography on silica gel, eluted by hexane/EtOAc=25:1 then

10:1 to afford 65.4 mg (64 % yield) of the desired product 3a”a as dark green powder.



5. Synthetic transformations of 3a.

? OH
O
O !
8
24 h, 62 % | NaN3/DMF
] () 100 °C O
. O )

NaOH O U
O‘o O PeCc _ethanol/H,Q_
2) DIBAL-H ~ e O
HO -78°Ctort. 0
8h, 56 %

1.5h, 95%
@ @ o
d

7 O 4

m-CPB FeCly6H,0
rt,12h NaOMe
51% /C) (t\ 80°C, 67%

Product 4

To a stirred solution of 3a (100 mg, 0.2 mmol) in ethanol/H,O (2.0 mL, v/v = 1:1) was added aqueous NaOH (10
mol/L, 0.4 mL). The resulting mixture was stirred at 80 °C for 1.0 h. After complete conversion as indicated by
TLC, aqueous HCI (4 mol/L, 0.6 mL) was dropped into the reaction system, the resulting mixture was stirred at
r.t. for 0.5 h, the mixture was poured into H,O and extracted with DCM three times. The combined organic
phases were dried over anhydrous MgSQy,, filtered, and concentrated under reduced pressure. The crude product
was purified by silica gel flash chromatography and eluted by hexane/EtOAc=10:1 then 1:1 to afford the product

4 (98.4 mg, 95 %) as pale yellow oil.

Product 5

To a stirred solution of 3a (50.1 mg, 0.1 mmol) in EtOH (2.0 mL) was added FeClz; 6H,0 (54.6 mg, 0.2 mmol),
NaOMe (10.8 mg, 0.2 mmol). The resulting mixture was stirred at 80 °C for 24 h. After complete conversion as
indicated by TLC, the solvent was removed by evaporation and the residue was directly purified by silica gel
flash chromatography and eluted by hexane/EtOAc=100:1 to 20:1 afford the product 5 (26.2 mg, 68 %) as red-

dark powder.



Product 6

To a stirred solution of 3a (50.1 mg, 0.1 mmol) in DCM (2.0 mL) was added m-CPBA (34.6 mg, 0.2 mmol). The
resulting mixture was stirred at r.t. for 0.5 h. After complete conversion as indicated by TLC, the solvent was
removed by evaporation and the residue was directly purified by silica gel flash chromatography and eluted by

hexane/EtOAc=20:1 to 4:1 afford the product 6 (27.2 mg, 51 % yield) as white solid.

Product 75!

A solution of DIBAL-H (0.2 mmol, 1.0 M in CH,Cl,) was injected via a syringe into a stirred solution of 3a
(50.1 mg, 0.1 mmol) in anhydrous DCM (4 mL) at -78 °C under an Ar atmosphere. After stirring at -78 °C for 6
h, a catalytic amount of NaOMe (3.3 mg, 0.06 mmol) was added to the mixture and the solution owas allowed to
warm to r.t. for 12 h. The mixture was poured into sat. NH4CI solution and extracted with DCM three times. The
combined organic phases were dried over anhydrous MgSQy,, filtered, and concentrated under reduced pressure
to give an intermediate which without isolation was used in the next step. To a solution of the intermediate in
DCM (2 mL) was added PCC (86 mg, 0.4 mmol) and the mixture was stirred for 12 h. Then, the mixture was
poured into H,O and extracted with DCM three times. The combined organic phases were dried over anhydrous
MgSQ,, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel flash
chromatography and eluted by hexane/EtOAc = 20:1 then 4:1 to afford the product 6 (21.2 mg, 56 % yield) as

white solid.

Product 8 ©

To a stirred solution of 3a (50.1 mg, 0.1 mmol) in DMF (2.0 mL) were added NaN; (32.5 mg, 0.5 mmol). The
resulting mixture was stirred at 100 °C for 24 h. After complete conversion as indicated by TLC, the solvent was
removed by evaporation and the residue was diluted with water and extracted with ethyl acetate (3 x 10.0 mL).
The combined organic layers were dried over anhydrous MgSO, and concentrated in vacuo. The resulting
product was purified by column chromatography on silica gel using hexane/ ethyl acetate (20:1 to 2:1) as eluent

to afford the product 8 (32.9 mg, 62 %) as white solid.
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6. Analytical Data.

(e}

o)
\Ph

Ph Ph
Ph

3-(2,3,4,5-Tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3a). 81% yield; *H NMR (500
MHz, CDCl): 6 =7.83 (d, J = 7.6 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.29 — 7.25(m, 10H), 7.14 — 6.99 (m, 7H), 6.91
— 6.82 (m, 4H), 6.09 (d, J = 8.2 Hz, 1H); *C NMR (125 MHz, CDCls): 5 = 165.42, 151.65, 147.02, 145.31,
138.01, 137.64, 135.75, 135.41, 134.57, 133.85, 131.49, 130.95, 130.76, 129.97, 129.32, 128.43, 127.94,
127.76, 127.61, 127.50, 127.07, 126.93, 126.88, 126.82, 125.70; HRMS (ESI) calcd for C3;H4NaO, [M+Na]"

523.1669, found 523.1679.

(e}

Me o
N\ Ph

Ph Ph
Ph

5-Methyl-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3b). 82% yield; *H
NMR (500 MHz, CDCly): & = 7.62 (s, 1H), 7.29 — 7.26 (m, 10H), 7.11 — 6.95 (m, 6H), 6.93 (dd, J = 8.4, 1.6 Hz,
1H), 6.88 — 6.86 (m, 2H), 6.83 — 6.82 (m, 2H), 5.93 (d, J = 8.4 Hz, 1H), 2.38 (s, 3H); *C NMR (125 MHz,
CDCl3): 6 = 165.57, 151.97, 146.66, 144.93, 142.74, 138.15, 137.75, 135.85, 135.52, 135.10, 134.51, 131.56,
131.50, 130.97, 130.79, 130.77, 129.27, 129.10, 128.18, 127.89, 127.73, 127.58, 127.42, 127.17, 126.98,

126.84, 126.81, 125.81, 21.88; HRMS (ESI) calcd for CsgH2,0, [M+H]" 515.2006, found 515.2015.

(0]

MeO O
P

Ph Ph
Ph

5-Methoxy-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3c). 86% yield; ‘H
NMR (500 MHz, CDCly): & = 7.25 — 7.23 (m, 11H), 7.11 — 6.99 (m, 6H), 6.87 — 6.81 (m, 4H), 6.65 (dd, J = 9.0,
2.5 Hz, OH), 5.94 (d, J = 9.0 Hz, OH), 3.84 (s, 1H); *C NMR (125 MHz, CDCl5): 5 = 165.52, 162.63, 151.94,

146.35, 144.62, 138.22, 137.76, 135.92, 135.61, 134.43, 131.52, 131.01, 130.81, 130.62, 129.72, 129.30,
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129.11, 128.29, 127.87, 127.72, 127.58, 127.42, 126.94, 126.79, 122.42, 107.80, 56.38; HRMS (ESI) calcd for

CagH2705 [M+H]" 531.1995, found 531.1963.

(0]

Bu (0]
N\ Ph

Ph Ph
Ph

5-Tert-butyl-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3d). 72% vyield;
'H NMR (500 MHz, CDCl3): § = 7.81 (d, J = 1.9 Hz, 1H), 7.30 — 7.23 (m, 10H), 7.15 — 7.00 (m, 7H), 6.88 —
6.86 (m, 2H), 6.83 — 6.81 (m, 2H), 5.91 (d, J = 8.5 Hz, 1H), 1.27 (s, 9H); *C NMR (125 MHz, CDCls): § =
165.89, 156.05, 151.91, 146.61, 144.92, 138.20, 137.77, 135.87, 135.56, 135.45, 134.50, 131.64, 131.60,
131.54, 130.97, 130.80, 130.79, 129.30, 129.20, 128.15, 127.89, 127.72, 127.58, 127.49, 127.00, 126.97,

126.84, 126.80, 122.39, 35.73, 31.45.; HRMS (ESI) calcd for Ca1Hz30, [M+H]* 557.2475, found 557.2481.

Ph Ph
Ph

6-Chloro-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3e). 74% vyield; 'H
NMR (500 MHz, CDCly): & = 7.78 (d, J = 2.0 Hz, 1H), 7.28 — 7.22 (m, 10H), 7.14 — 6.98 (m, 7H), 6.89 — 6.85
(m, 2H), 6.82 (dd, J = 8.2, 1.4 Hz, 2H), 5.92 (d, J = 8.7 Hz, 1H); *C NMR (125 MHz, CDCl5): & = 164.21,
150.46, 147.45, 145.72, 138.10, 137.84, 137.49, 136.25, 135.57, 135.26, 134.52, 134.11, 131.44, 131.32,
130.92, 130.71, 129.50, 129.34, 128.42, 127.99, 127.81, 127.73, 127.65, 127.22, 127.06, 127.01, 125.57;

HRMS (ESI) calcd for Ca7H,4ClO, [M+H]* 535.1412, found 535.1422.

(e}

Br o
O N\ Ph

Ph Ph
Ph

6-Bromo-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3f). 79% yield; 'H

NMR (500 MHz, CDCls): §= 7.95 (d, J = 1.5 Hz, 1H), 7.30 — 7.22 (m, 10H), 7.15 — 7.00 (m, 7H), 6.99 — 6.86
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(m, 2H), 6.83 — 6.79 (m, 2H), 5.84 (d, J = 8.7 Hz, 1H); *C NMR (125 MHz, CDCls): & = 164.08, 150.54,
147.49, 145.76, 137.83, 137.47, 136.92, 136.67, 135.57, 135.26, 134.53, 131.43, 131.34, 130.92, 130.69,
129.51, 129.45, 128.65, 128.49, 127.99, 127.81, 127.75, 127.65, 127.22, 127.07, 127.01, 126.26.; HRMS(ESI)

calcd for C37H24BrO, [M+H]" 579.0954, found 579.0962.

o

Ph o
\_Ph

Ph Ph
Ph

6-Phenyl-3-(2,3,4,5-tetraphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3g). 83% vyield; H
NMR (500 MHz, CDCly): § =8.05 (d, J = 1.4 Hz, 1H), 7.57 (dd, J = 8.2, 1.0 Hz, 2H), 7.47 (t, J = 7.4 Hz, 2H),
7.42 (m, 1H), 7.37 (dd, J = 8.5, 1.6 Hz, 1H), 7.33 — 7.23 (m, 10H), 7.16 — 6.99 (m, 6H), 6.92 — 6.87 (M, 2H),
6.85 — 6.82 (m, 2H), 6.08 (d, J = 8.5 Hz, 1H); *C NMR (125 MHz, CDCly): & = 165.50, 151.60, 150.47,
146.98, 145.28, 144.68, 138.94, 138.11, 137.75, 136.57, 135.82, 135.50, 134.56, 132.59, 131.57, 131.00,
130.80, 129.97, 129.61, 129.39, 129.26, 128.78, 127.95, 127.77, 127.62, 127.57, 127.08, 126.94, 126.90,

123.74; HRMS(ESI) calcd for Cy3H,60, [M+H]" 577.2162, found 577.2181.

(e}

(0]

(I o
Ph O Ph
Ph

3-(2,3,4,5-Tetraphenylcyclopenta-2,4-dienylidene)-5,6,7,8-tetrahydronaphtho[2,3-c]furan-1(3H)-one (3h).
62% yield; 'H NMR (500 MHz, CDCls): & = 7.29 — 7.24 (m, 10H), 7.10 — 7.00 (m, 6H), 6.87-6.79 (m, 5H),
5.86 (d, J = 8.5 Hz, 1H), 3.11 (d, J = 5.5 Hz, 2H), 2.73 (d, J = 5.0 Hz, 2H), 1.79 (d, J = 2.4 Hz, 4H); *C NMR
(125 MHz, CDClg): & = 165.52, 152.30, 146.41, 144.55, 142.47, 138.95, 138.32, 137.93, 136.26, 136.05,
135.70, 134.83, 134.59, 131.57, 131.53, 131.01, 130.87, 130.84, 129.19, 128.45, 127.87, 127.71, 127.57,
127.28, 126.90, 126.76, 126.71, 125.46, 124.02, 30.01, 25.48, 22.72, 22.42; HRMS(ESI) calcd for C4;H3,0,

[M+H]" 555.2319, found 555.2320.
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o

P

Ph Ph
Ph

7-(2,3,4,5-Tetraphenylcyclopenta-2,4-dienylidene)isobenzofuro[5,6-d][1,3]dioxol-5(7H)-one  (3i). 73%
yield; *H NMR (500 MHz, CDCl5): § = 7.27 — 7.20 (m, 11H), 7.09 — 6.97 (m, 7H), 6.85 — 6.83 (m, 2H), 6.80 —
6.78 (m, 2H), 5.99 (s, 2H); BC NMR (125 MHz, CDCls): 6 = 164.83, 153.26, 151.62, 151.24, 146.79, 144.88,
138.17, 137.80, 135.81, 135.51, 134.59, 134.20, 131.49, 131.28, 130.96, 130.78, 129.36, 129.05, 127.87,
127.74, 127.59, 127.02, 126.85, 126.81, 122.51, 107.56, 104.33, 103.37; HRMS(ESI) calcd for CzgH504

[M+H]" 545.1747, found 547.1742.

o}

0 N Ph
Q PhPh

Ph
3-(2,3,4,5-Tetraphenylcyclopenta-2,4-dienylidene)naphtho[2,3-c]furan-1(3H)-one  (3j). 69% yield; 'H
NMR (500 MHz, CDCl5): & = 8.88 (d, J =8.5 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.62 (t,
J =75 Hz, 1H), 7.51 (d, J = 8.5 Hz, 1H), 7.35 — 7.20 (m, 10H), 7.17 — 6.98 (m, 6H), 6.89 (d, J = 7.0 Hz, 2H),
6.83 (d, J = 7.3 Hz, 2H), 6.24 (d, J = 8.9 Hz, 1H); "*C NMR (125 MHz, CDCls): & = 165.61, 151.81, 147.21,
145.65, 138.82, 137.97, 137.69, 135.82, 135.43, 134.55, 134.65, 134.13, 131.64, 131.60, 131.54, 131.02,
130.97, 130.80, 129.71, 129.29, 129.24, 128.49, 127.98, 127.81, 127.68, 127.64, 127.47, 127.14, 126.99,

126.91, 124.80, 123.33, 122.07; HRMS (ESI) calcd for C4;H,70, [M+H]" 551.2006, found 551.2009.

(2)-3-(3-(3-methoxyphenyl)-2,4,5-tris(4-methoxyphenyl)cyclopenta-2,4-dienylidene)isobenzofuran-
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1(3H)-one (3K). 81% yield; *H NMR (500 MHz, CDCly): § = 7.79 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H),
7.16 — 7.11 (m, 5H), 6.81 — 6.75 (m, 6H), 6.70 (d, J = 8.7 Hz, 2H), 6.62 (d, J = 8.7 Hz, 2H), 6.55 (d, J = 8.7 Hz,
2H), 6.17 (d, J = 8.2 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.73 (s, 3H), 3.70 (s, 3H); *C NMR (125 MHz,
CDCly): 5 = 165.77, 159.28, 158.59, 158.52, 158.45, 150.64, 146.46, 145.18, 138.27, 133.79, 133.25, 132.53,
132.11, 132.08, 131.14, 130.71, 130.59, 130.22, 128.43, 128.39, 128.08, 126.74, 125.59, 114.81, 113.49,

113.27, 113.14, 55.81, 55.59, 55.50, 55.45; HRMS(ESI) calcd for C,43H3306 [M+H]" 621.2272, found 621.2285.

e Me
O 5
Me O O Q Me
3-(2,3,4,5-Tetrap-tolylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (31). 79% vield; *H NMR (500
MHz, CDCly): 6 = 7.78 (d, J = 7.6, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.12 — 7.02 (m, 9H), 6.86 (d, J = 8.0 Hz, 2H),
6.80 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.1 Hz, 2H), 6.68 (d, J = 8.1 Hz, 2H), 6.08 (d, J = 8.2 Hz, 1H), 2.34 (s,
6H), 2.24 (s, 3H), 2.20 (s, 3H); *C NMR (125 MHz, CDCl;): & = 165.74, 150.99, 146.92, 145.43, 138.26,
137.01, 136.48, 136.31, 136.03, 135.13, 134.81, 134.05, 133.62, 132.98, 132.65, 131.36, 131.21, 131.17,
130.85, 130.70, 129.95, 128.66, 128.56, 128.46, 128.34, 126.75, 125.52, 21.86, 21.75, 21.72; HRMS(ESI)

calcd for C4H330, [M+H]" 557.2475, found 557.2483.

O ‘Bu
O S
By O O Q Bu
e
3-(2,3,4,5-Tetrakis(4-tert-butylphenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one  (3m). 61%
yield; "H NMR (500 MHz, CDCl,): 8 = 7.78 (d, J = 7.6 Hz, 1H), 7.37 (dd, J = 7.5, 2.5 Hz, 1H), 7.32 — 7.24 (m,
4H), 7.24 — 7.15 (m, 4H), 7.10 — 6.95 (m, 5H), 6.88 — 6.80 (m, 2H), 6.75 — 6.69 (m, 2H), 5.91 (d, J = 8.2 Hz,

1H), 1.35 (s, 9H), 1.35 (s, 9H), 1.25 (s, 9H), 1.22 (s, 9H); *C NMR (125 MHz, CDCly): § = 165.71, 150.87,
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150.64, 149.70, 149.43, 149.39, 146.99, 145.80, 138.30, 135.33, 134.84, 133.99, 133.49, 132.98, 132.68,
131.16, 131.05, 130.99, 130.75, 130.51, 130.49, 128.45, 126.77, 126.09, 125.40, 124.59, 124.38, 124.16, 35.04,
34.93, 34.88, 34.80, 31.95, 31.91, 31.75, 31.70; HRMS(ESI) calcd for Cs3Hs;0, [M+H]" 725.4353, found

725.4363.

3-(2,3,4,5-Tetrakis(4-chlorophenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3n). 73% yield;
'H NMR (500 MHz, CDCl3): & = 7.87 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.29 — 7.24 (m, 6H), 7.13 —
7.10 (m, 5H), 7.05 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 6.70 (d, J = 8.5 Hz, 2H), 6.22 (d, J = 8.1 Hz,
1H).; °C NMR (125 MHz, CDCly): & = 164.91, 152.59, 145.69, 143.99, 137.53, 135.89, 135.55, 134.13,
134.05, 133.62, 133.58, 133.43, 133.24, 133.15, 132.61, 132.41, 132.28, 132.12, 131.91, 130.98, 130.70,
130.63, 129.77, 129.72, 128.64, 128.52, 128.49, 128.37, 128.31, 128.11, 126.94, 126.19; HRMS(ESI) calcd for
Ca7H20Cl:NaO, [M+Na]" 659.0110, found 659.0121.
o F

O S
O -
3-(2,3,4,5-Tetrakis(4-fluorophenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (30). 77% yield;
'H NMR (500 MHz, CDCl):  =7.84 (d, J = 7.6 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.25 — 7.09 (m, 5H), 6.98
— 6.94 (m, 4H), 6.81 — 6.72 (m, 8H), 6.15 (d, J = 8.2 Hz, 1H); *C NMR (125 MHz, CDCls): & = 165.13,
163.23, 163.17, 163.04, 161.71, 161.28, 161.19, 161.08, 152.01, 146.03, 144.35, 137.72, 134.09, 133.75,
132.95, 133.56, 133.30, 132.89, 132.41, 132.35, 132.28, 132.00, 131.33, 131.00, 130.70, 129.20, 128.18,

126.92, 126.09, 116.63, 116.46, 115.28, 115.12, 114.95; HRMS(ESI) calcd for Ca;HxF40, [M+H]" 573.1472,

found 573.1489.
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3-(2,3,4,5-Tetrakis(3-methoxyphenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one  (3p). 74%
yield; *H NMR (500 MHz, CDCls): 6 =7.81 (d, J = 7.6 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.20 — 7.13 (m, 3H),
6.99 (t, J = 7.9 Hz, 1H), 6.92 (t, J = 7.9 Hz, 1H), 6.87 — 6.76 (m, 6H), 6.66 (dd, J = 8.2, 2.5 Hz, 1H), 6.60 (dd,
J=8.2,25Hz 1H), 6.49 (d, J = 7.6 Hz, 1H), 6.43 — 6.39 (m, 3H), 6.21 (d, J = 8.2 Hz, 1H), 3.69 (s, 3H), 3.57
(s, 3H), 3.47 (s, 3H), 3.42 (s, 3H); *C NMR (125 MHz, CDCl,): § = 165.38, 160.48, 159.47, 159.09, 158.94,
151.89, 146.72, 145.01, 139.34, 138.80, 138.05, 137.03, 136.58, 134.33, 133.90, 131.64, 131.42, 130.36,
129.57, 128.91, 128.80, 128.62, 128.57, 126.81, 125.71, 124.04, 123.68, 123.35, 123.31, 116.60, 116.47,
115.56, 115.32, 114.02, 113.99, 113.88, 112.84, 55.73, 55.71, 55.45, 55.40; HRMS(ESI) calcd for C4;H3306

[M+H]" 621.2272, found 621.2286.

3-(2,3,4,5-Tetrakis(3,5-dimethylphenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3q). 64%
yield; *H NMR (500 MHz, CDCly): § = 7.77 (d, J = 7.6 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.09 (t, J = 7.8 Hz,
1H), 6.85 — 6.83 (m, 6H), 6.69 (s, 1H), 6.63 (s, 1H), 6.49 (s, 2H), 6.43 (s, 2H), 6.07 (d, J = 8.2 Hz, 1H), 2.23 (s,
6H), 2.13 (s, 6H), 2.06 (s, 6H), 2.01 (s, 6H); *C NMR (125 MHz, CDCly): & = 165.78, 150.72, 147.28, 14557,
138.47, 138.41, 138.03, 137.61, 136.66, 136.42, 136.22, 135.79, 135.38, 134.27, 133.50, 131.21, 130.98,
130.94, 129.36, 128.84, 128.82, 128.72, 128.68, 128.43, 128.29, 126.78, 125.34, 21.85, 21.68, 21.65, 21.62;

HRMS(ESI) calcd for CysHy 0, [M+H]™ 613.3101, found 613.3115.
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Ph
3-(2,4-Bis(4-fluorophenyl)-3,5-diphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one  (3r) 81%
yield, regioisomer ratio = 5:3; "H NMR (500 MHz, CDCl5): & = 7.87 — 7.83 (m, 4H), 7.49 — 7.42 (m, 5H), 7.31
—7.18 (m, 31H), 7.13 — 7.02 (m, 27H), 6.99 — 6.95 (m, 15H), 6.86 — 6.76 (m, 20H), 6.71 (t, J = 8.8 Hz, 2H),
6.20 (d, J = 8.2 Hz, 3H), 6.07 (d, J = 8.2 Hz, 1H); **C NMR (125 MHz, CDCls): & = 164.76, 163.09, 162.66,
161.12, 151.14, 146.97, 145.26, 137.34, 135.00, 134.64, 133.49, 133.06, 133.04, 133.01, 132.50, 132.43,
131.98, 131.92, 131.90, 131.81, 131.29, 130.92, 130.36, 130.16, 129.90, 129.18, 128.97, 127.93, 127.68,
127.59, 127.51, 127.41, 127.34, 127.25, 126.78, 126.62, 126.38, 125.49, 125.31, 115.94, 115.77, 114.60,
114.43, 104.97; HRMS(ES]I) calcd for Ca7HsF,0, [M+H]" 537.1661, found 537.1672.
'H NMR (500 MHz, CDClg): § = 7.84 — 7.82 (m, 3H), 7.48 — 7.42 (m, 3H), 7.33 — 7.19 (m, 31H), 7.15 — 7.03
(m, 10H), 6.99 — 6.84 (m, 5H), 6.82 — 6.69 (M, 24H), 6.20 (d, J = 8.0 Hz, 1H), 6.07 (d, J = 8.0 Hz, 3H); ©°C
NMR (125 MHz, CDCly): 5 = 165.32, 165.28, 165.22, 163.16, 163.08, 162.96, 161.62, 161.21, 161.12, 161.01,
152.01, 151.87, 151.79, 147.29, 145.83, 145.63, 145.56, 144.15, 143.92, 137.91, 137.82, 137.45, 135.51,
134.82, 133.97, 133.93, 133.53, 132.99, 132.94, 132.48, 132.41, 132.39, 132.36, 132.35, 131.81, 131.78,
131.69, 131.67, 131.43, 130.88, 130.86, 130.69, 129.48, 128.43, 128.18, 128.08, 128.02, 127.85, 127.72,
127.35, 127.18, 127.09, 127.07, 126.89, 125.97, 125.79, 116.45, 116.28, 115.09, 114.99, 114.93, 114,84,

114.83, 114.77, 114.68; HRMS(ESI) calcd for C37H,5F,04 [M+H]" 537.1661, found 537.1672.

O 50
MeOOMe

3-(2,4-bis(4-fluorophenyl)-3,5-bis(4-methoxyphenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one
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(35). 70% yield, regioselectivity ratio = 3:2; *"H NMR (500 MHz, CDCls) § = 7.84 (t, J = 7.0 Hz, 6.4, 1H), 7.46
—7.42 (m, 1H), 7.23 — 7.12 (m, 7H), 7.00 — 6.96 (m, 3H), 6.85 — 6.58 (m, 15H), 6.22 — 6.17 (m, 1H), 3.83 (s,
3H), 3.75 (s, 2H), 3.72 (s, 2H); °C NMR (125 MHz, CDCly): & = 165.45, 165.44, 165.38, 163.50, 163.06,
162.97, 162.85, 161.50, 161.12, 161.01, 160.89, 159.50, 158.84, 158.81, 158.70, 158.67, 151.27, 151.26,
150.77, 147.17, 146.99, 145.49, 145.24, 144.27, 137.98, 137.94, 137.88, 134.17, 133.98, 133.88, 133.80,
133.03, 132.97, 132.77, 132.56, 132.53, 132.47, 132.41, 132.39, 132.01, 131.97, 131.94, 131.90, 131.72,
131.61, 131.54, 131.49, 129.95, 129.91, 129.63, 128.43, 128.13, 128.03, 127.80, 127.70, 127.48, 127.44,
126.84, 126.76, 126.73, 125.89, 125.87, 125.75, 116.41, 116.24, 115.07, 114.99, 114.84, 114.81, 114.67,
113.56, 113.44, 113.39, 113.29, 113.24, 55.79, 55.55, 55.49, 55.44. HRMS (ESI) calcd for CsgHy/F,04 [M+H]"
597.1872, found 597.1902.

'H NMR (500 MHz, CDCl5): & = 7.81 (d, J = 7.6 Hz, 1H), 7.43 — 7.39 (m, 1H), 7.18 — 7.15 (m, 1H), 7.11 —
7.08 (m, 4H), 6.80 — 6.71 (M, 12H), 6.18 (d, J = 8.2 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H); *C NMR (125 MHz,
CDCly): 6 = 165.53, 159.50, 158.73, 151.79, 145.31, 144.07, 138.08, 134.21, 133.97, 132.42, 132.37, 131.98,
131.57, 129.97, 129.66, 128.55, 126.85, 125.75, 115.08, 114.93, 114.91, 114.76, 113.58, 55.82, 55.59;

HRMS(ESI) calcd for CagH,7F,04 [M+H] 597.1872, found 597.1902.

TMS

o

o &

N
Q Ph
Ph

TMS
3-(2,4-diphenyl-3,5-bis(4-(trimethylsilyl)phenyl)cyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3t)
87% vield, regioisomer ratio = 2:1; *H NMR (500 MHz, CDCl3): & = 7.80 (d, J = 7.6 Hz, 1H), 7.40 (t, J = 7.9
Hz, 5H), 7.29 — 7.21 (m, 4H), 7.12 — 7.00 (m, 7H), 6.91 — 6.90 (m, 2H), 6.82 (d, J = 7.1 Hz, 2H), 5.91 (d, J =
8.2 Hz, 1H), 0.29 (s, 18H); *C NMR (125 MHz, CDCl,): & = 165.41, 151.71, 146.81, 145.40, 139.62, 138.41,
138.32, 138.08, 137.96, 135.82, 135.50, 134.61, 134.22, 133.57, 132.86, 131.67, 131.43, 130.83, 130.26,

128.52, 127.78, 127.59, 127.06, 126.88, 125.58, -0.51, -0.55; HRMS(ESI) calcd for CssHa10,Si, [M+H]*
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645.2640, found 645.2656.

'H NMR (500 MHz, CDCly): 8 = 7.82 (d, J = 7.6 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.27 — 7.20 (m, 10H), 7.21
(d, J=7.9 Hz, 2H), 7.13 (d, J = 7.8 Hz, 3H), 6.84 (d, J = 7.8 Hz, 2H), 6.78 (d, J = 7.8 Hz, 2H), 6.07 (d, J = 8.2
Hz, 1H), 0.22 (s, 9H), 0.19 (s, 9H); **C NMR (125 MHz, CDCly): & = 165.46, 151.52, 147.19, 145.40, 138.93,
138.71, 138.14, 138.09, 137.73, 136.09, 135.72, 134.52, 133.82, 132.59, 132.46, 131.55, 131.47, 131.41,
131.02, 130.30, 129.98, 129.94, 129.30, 128.41, 127.93, 127.47, 126.86, 126.81, 125.68, -0.66, -0.68;

HRMS(ESI) calcd for C43H410,Si, [M+H]" 645.2640, found 645.2656.

O

O S Ph
e QQ
(J
@

3-(3,4-Di(naphthalen-2-yl)-2,5-diphenylcyclopenta-2,4-dienylidene)isobenzofuran-1(3H)-one (3u). 76%
yield, regioselectivity ratio > 19:1; *H NMR (500 MHz, CDCls): & = 7.85 (d, J = 1.5 Hz, 1H), 7.70 (d, J = 8.1 Hz,
1H), 7.65 (d, J = 8.2 Hz, 1H), 7.51 — 7.21 (m, 21H), 7.14 (t, J = 7.5, 1H), 7.01 (dd, J = 8.5, 1.5 Hz, 1H), 6.97 — 6.95
(m, 1H), 6.11 (d, J = 8.2 Hz, 1H); *C NMR (125 MHz, CDCl3): & = 165.43, 151.87, 146.70, 144.98, 138.06,
138.04, 137.65, 135.20, 133.90, 133.39, 133.21, 133.17, 133.03, 132.54, 132.45, 132.16, 131.56, 131.00,
130.22, 130.15, 130.11, 129.44, 128.76, 128.74, 128.52, 128.08, 127.95, 127.87, 127.61, 127.18, 126.99,

126.97, 126.87, 126.24, 126.13, 126.10, 125.96, 125.76; HRMS(ESI) calcd for CysHz0; [M+H]" 601.2162,

found 601.2175.

(O
Ph
0] \ O-Me

Me-© Ph O
Diethyl 4-(3-oxoisobenzofuran-1(3H)-ylidene)-3,5-diphenylcyclopenta-2,5-diene-1,2-dicarboxylate (3v).

69% yield, regioisomer ratio > 19:1; *H NMR (500 MHz, CDCl): & = 7.97 (dd, J = 5.6, 3.1 Hz, 2H), 7.79 (dd, J
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= 5.7, 3.1 Hz, 2H), 7.45 — 7.39 (m, 5H), 7.15 — 7.10 (m, 3H), 7.05 (dd, J = 8.1, 1.4 Hz, 2H), 3.40 (s, 3H), 3.34 (s,
3H): °C NMR (125 MHz, CDCly): § = 195.04, 164.45, 163.26, 160.01, 153.57, 143.92, 141.19, 136.25,
133.95, 132.70, 132.31, 129.43, 129.11, 128.87, 128.71, 128.31, 128.04, 124.52, 52.21, 52.01; HRMS(ESI)

calcd for CygH2,06 [M+H]" 465.1333, found 465.1339.

et-© ph ©O
Diethyl 4-(3-oxoisobenzofuran-1(3H)-ylidene)-3,5-diphenylcyclopenta-2,5-diene-1,2-dicarboxylate (3w).
73% vield, regioisomer ratio > 19:1; *H NMR (500 MHz, CDCl3): & = 7.97 (d, J = 5.7, 3.1 Hz, 2H), 7.78 (dd, J
=5.7, 3.0 Hz, 2H), 7.47 — 7.45 (m, 2H), 7.40 — 7.32 (m, 3H), 7.15 — 7.10 (m, 3H), 7.08 — 7.06 (m, 2H), 3.88 (g,
J=7.1Hz, 2H), 3.80 (g, J = 7.1 Hz, 2H), 0.77 (t, J = 7.1 Hz, 3H), 0.66 (t, J = 7.1 Hz, 3H); *C NMR (125
MHz, CDCl3): 6 = 195.16, 163.77, 162.42, 160.33, 153.56, 144.00, 141.34, 136.19, 134.21, 132.89, 132.45,
130.82, 129.70, 129.32, 129.29, 128.92, 128.89, 128.59, 128.39, 127.91, 127.87, 124.45, 61.26, 60.97, 13.82,

13.51; HRMS(ESI) calcd for Cs;Hz506 [M+H]" 493.1646, found 493.1650.

Synthetic transformations of 3a

Compound 4

Ph

PhPh
[ %

OH

o}
2-(2,3,4,5-Tetraphenylcyclopenta-2,4-dienecarbonyl)benzoic acid (4). 95% vyield; *H NMR (500 MHz,
CDCly): 8 = 10.72 (broad s, 1H), 7.70 (d, J = 7.4 Hz, 1H), 7.43 (d, J = 7.7 Hz, 2H), 7.32 — 7.29 (m, 2H), 7.19 — 7.04
(m, 13H), 6.96 — 6.91 (m, 6H), 5.55 (s, 1H); °C NMR (125 MHz, CDCls): & = 191.93, 171.95, 158.80, 154.09,

145.41, 144.53, 144.14, 137.53, 135.32, 134.94, 134.57, 132.33, 130.70, 130.45, 129.68, 129.57, 128.91,
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128.83, 128.62, 128.42, 128.28, 128.11, 128.05, 128.00, 127.94, 127.60, 127.55, 127.48, 127.04, 60.74;

HRMS(ESI) calcd for Ca7H»,03 [M+H]" 519.1926, found 519.1941.

Compound 5

Ph
Ph
om0
Ph
Ph
2,3,4,5-Tetraphenylcyclopenta-2,4-dienone (5). 67% yield; "H NMR (500 MHz, CDCly): & = 7.26 — 7.22 (m,
11H), 7.18 (t, J = 7.6 Hz, 4H), 6.93 (d, J = 7.6 Hz, 4H), 6.85 (s, 1H); *C NMR (125 MHz, CDCl,): & = 200.82,
154.97, 133.57, 131.90, 131.24, 130.88, 130.63, 129.81, 128.97, 128.85, 128.82, 128.50, 128.46, 127.93, 127.05,

126.34, 125.81; HRMS(ESI) calcd for CyoH,;0 [M+H]" 385.1587, found 385.1592.

Compound 6
Ph Ph
OHO
Ph S (6]

Ph OH
(2)-3-((2R,5S)-2,5-dihydroxy-2,3,4,5-tetraphenylcyclopent-3-enylidene)isobenzofuran-1(3H)-one (6).
51% yield; "H NMR (500 MHz, CDCls): & = 7.83 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.5 Hz,
1H), 7.58 — 7.55(m, 3H),7.29 — 7.20 (m, 4H), 7.17 — 7.12 (m, 4H), 7.08 — 7.04 (m, 3H), 6.99 — 6.97 (m, 2H), 6.88 (s,
5H); B3C NMR (125 MHz, CDCl,): 6 = 165.81, 148.09, 145.49, 142.58, 142.41, 140.32, 137.05, 134.53, 134.42,
134.05, 133.42, 130.69, 130.53, 130.04, 128.30, 128.06, 127.86, 127.73, 127.69, 127.64, 127.54, 127.01, 126.98,

125.14, 124.68, 87.32, 86.21; HRMS(ESI) calcd for Cs;H,;04 [M+H] 535.1904, found 535.1912.
Compound 7
O  ph
CLUr
Ho Ph Ph

22



4-Hydroxy-1,2,3,3a-tetraphenyl-3aH-cyclopenta[b]naphthalen-9(4H)-one (7). 56% vyield; *H NMR (500
MHz, CDCly): & = 7.83 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.58 — 7.55(m,
3H),7.29 — 7.20 (M, 4H), 7.17 — 7.12 (m, 4H), 7.08 — 7.04 (m, 3H), 6.99 — 6.97 (m, 2H), 6.88 (s, 5H); *C NMR
(125 MHz, CDCl3): 6 = 165.81, 148.09, 145.49, 142.58, 142.41, 140.32, 137.05, 134.53, 134.42, 134.05, 133.42,
130.69, 130.53, 130.04, 128.30, 128.06, 127.86, 127.73, 127.69, 127.64, 127.54, 127.01, 126.98, 125.14, 124.68,

87.32, 86.21; HRMS(ESI) calcd for Cz7H»,0, [M+H]* 503.2006, found 503.2002.

Compound 8

2-(3-Hydroxy-2,3,4,5-tetraphenylcyclopenta-1,4-dienyl)isoindoline-1,3-dione (8). 62% yield; ‘H NMR
(500 MHz, CDCls): § = 7.79 — 7.73 (m, 4H), 7.68 — 7.62 (m, 2H), 7.35 — 7.32 (m, 2H), 7.22 — 7.16 (m, 8H), 7.12 —
7.03 (m, 7H), 3.16 (s, 1H), 3.16 (s, 1H); BC NMR (125 MHz, CDCly): 6 = 168.07, 167.51, 152.10, 148.18, 139.67,
138.68, 134.74, 134.71, 134.13, 133.46, 132.23, 132.15, 132.03, 131.19, 129.60, 129.16, 129.12, 129.07, 128.70,
128.67, 128.33, 128.24, 127.80, 127.73, 125.80, 124.26, 124.17, 89.35; HRMS(ESI) calcd for Cs;H,sNNaOs

[M+Na]* 554.1727, found 554.1726.

8. Reference
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4) Bele, C., Darabantu, M., Heterocycl. commun., 2003,39, 641.

5) Mitsuaki, W., Hitoshi, M., Maya, T., Umeka, I., Synthesis, 1994, 1083.

6) Dora, E. K., Dash, B., Panda, C. S., Indian J. Chem., Sect B, 1985, 24, 196.

23



6v58'9
9289
1589
0688'9
ETT0L
1520'L
£00'L
6250'L
1990'L
S0L0'L
vosoL —f=
5660°2
90T |
€801
6511 —
s
8621 —
6vvT L —]
€97 L —]
otze s
1982°L
000¢'2 |
£90¢'L |
1072
ezzrL —|
viers
228, —|
€8eg'L —

96.0'9
0960°9
9069
85089
€289
65289
86€8'9

L

0

Ph

o~

Ph

Ph

Ph

3a

0000'T

09T
—~
o

9v08'9

L2T0T

000€'T

12660

JeaBaiug

(ppm)

ewesTLL
0005°LL HK

T85LLL —=

090L'SeT
0T28'92T
6L8'T
£0E6°9T
09,0221
0905221
0809°22T
019L'22T
69€6'L2T
STEY'8ZT w
8L2€'6CT
varsiser
T9SL'0ET
6256'0ET
TT6Y'IET
EESBEET
VL9S'VET
82TV SET

08vL'GET
L2v9 16T
PYI0'8ET
060E'SPT

9T20'LPT \\\
0679'TST

ey 9T ——

Ph

Ph

Ph
3a

Ph

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

(ppm)




61867 ——

0226'S
voEES

9618'9
8vE8'9
91989
1288'9
61€6'9
28¥6'9
1800°L

06T9°L

Ph
Ph
Ph
(ppm)

Ph
3b

€418'SCT
LET8'ZT
82r8'92T
9886'92T
L0LT' 12T
TEEV'L2T
1985 22T
6T8L°L2T
2268 L2T
0161°82T
6T0T'62T
89/Z°62T
926L°0ET
0286'0ET
1905'T€T
£2LSTET
VOIS VET
L90T'SET
¥625'SET
£198'GET
0Z8L°LET
TO9T'8ET
6EPLTYT
VLEE VYT
SY99°9PT
EY86TST

02€6'0

Me

7.

9618'T¢ ——

6vveLL
0005LL
195070 —=

L L

5285'69T ——

Ph
Ph Ph
Ph
110 100 o

3b

130

Me
160 150 140

170

180

ST S



S0v8'E ——

0226'S
60v6'S
89€9'9
6T99°9
Sv59°9
96599
1218'9
918’9
G828'9
01€8'9
51589
£198'9
6489

2966'9
6666'9

18002

8610, —=
6820°L —/
06€0'2 —
81502 —
62502
61502 —
50402 —
15802 —
6802 —
28602
85602 —}
800T°L
85072 —}
zeezL
z8ezL
[
12522 —
22921 —
80021 |
1872

T

Ph

o~

MeO

Ph

Ph

Ph

3c

000T°E

-

82060

19960

9819°€

—~

S579°S

feabaw

— 9507

(ppm)

S88E'95 ——

wesTLL
000S°LL HK
T85L°LL

2808'L0T ——

L9zyeet
816L°92T
1256'92T
852v°L2T
1985°22T
6TEL°L2T

SOP6'TST

TTE9°29T ——
2025591 ——

Ph

MeO

Ph

Ph

Ph

3c

T
50

T
60

T T T T T T T T T
170 160 150 140 130 120 110 100 20
(pom)

T
180




6662 T ——

9EET L

VIET L

00ST 2~
2€ST L]
v622 L
zeez L
eevz L |
£8vz L
ovsz L
229z 2
0992"2
26922
svrz s |
Ti8e s
v282° 2 —
6v62 L —
000€"2
8€0€ 2 |
921E L
15282 —
s6ze L

vET8'9
6ST8'9
26289
28589
S298'9
TS.8°9
2T00°2
ISTOZ
Z0E0" L
STYO 2
¥SS0°L
S0L0°L
v¥80°L
v680°L
0Z60°2
850T" 2

Bu

Ph

Ph

Ph

Ph

3d

vzos'8

0000°T

reabouy

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
(oom)

6.5

8.0

8.5

9.0

825 TE ——

8LEL'SE ——

o9vZ LL
LTOSLL
896G/ L, —=

z66€°eetT
vST8'92T
81S8'92T
0E86'92T
12T0°22T
2205°22T
TS6S°L2T
9EEL 22T
2T06°22T
SE9T'8ZT
6212°62T

LL0€E°62T =
9TO80ET
B8EBG'OET
2ZSSTET
SOT9'TET

6990°9ST

6706'G9T ——

Bu

Ph

Ph

Ph

Ph

3d

20 10

30

T
50

T
60

T T T T T T T T
170 160 150 140 130 120 110 100

T
180

(pPpm)




2S16'S

qmmm‘mﬂ
9608'9 —
T218'9
0928'9 —
5258'9 -
£198'9 -
£128'9
15,89
2100°2
2£00°2
5200°2
9.10°2
vT20°L
22€0°2
£SY0°L |
T610°2
9TS0'Z —
2190°2 —
SS90°2 —
182072 —
TEGO L —
2060°L —
2€60°L
£860°L
T20T 2
9v0T 2
80T "L —
2YTT L |
8TT L
9EET L
evez L —
18222
vveZ L
z8ez L
£EvT L ]
805z'2
229z L
2292°2
98222
€282
6v8z L
9882'2 —
29622 —
000€"2 -
92082
€5.2°2—

!

g

1

162272

Cl

Ph

Ph

Ph

Ph

3e

_

0000°'T

-~ 1

—/ 9826'T
\oz68'T

—_EEE6'9

T\ 09€°0T

T9T9°0

reabaiug

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

VYT LL
00052L HK

18500, —=

2095°S2T —
T€00°22T —
190221
SY1T 2T —
vrv9° 2T —
6TEL°L2T —
Lv08'L2T —
6986°L2T —
69TY'82T —|
yere 6Lt —
56v'621 —
YeTL0ET —]
LETE'OET u
ELIETET

TIvY'TET i
£80TVET —
PILSVET —|
25T SET —|
8995°GET —}
SEvz9eT —|
28y LET
S6€8'LET —]
SY60°8ET —
T SHT —
SISV’ LPT —|
6€SY°0ST —

T T TN

2502791 ——

Cl

Ph

Ph

Ph

Ph

3e

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

{oom)




Br

Ph

Ph

Ph

Ph

3f

P——

0000'T
~—

9556'7

£510°9

0LT0T
—~

VEE9'0

[eabaju)

45

55

(oom)

6vve L
000522
TSSL 1L —=

8652'92T
¥0TO'2ZT
2890°22T
8122°22T
2159°22T
©vOvL 2T
1108°L2T
2v66'2ZT
868%'82T
v259'82T
oYY 62T
0015°62T
8.69°0ET
S9T6'0ET
T6EETET
6EEV TET
OTESVET
2652'SET
8S9S'SET
2999'9€T
OVT6'9ET
8L9V'LET
2zE'LET
8092'SYT
6180 L¥T
TrES0ST

B D R

£T80'79T ——

Ph
Ph

Ph

Br

Ph

3f

|
|

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190




€€L0°9

]

8VLSL —
9,408

Ph

Ph

Ph

Ph

Ph

39

0000°T

|/ e0L0v -2
_—
—/ gogzo -

7 —
/ otzot Y
~

oy

7.6

sl
@

resBajul

6v7CLL
0005°2L HK
1954702

Y8EL'ECT
T106'92T
91£6'92T
£€80°L2T
€Y95'L2T
9229'LeT
€89.L°L2T
816'22T
£18.°82T
2297°62T
PE6E'6ZT
L109°62T
Y9L6'62T
666 0T
6200 TET
0595 TET
9265°ZET
6295 VET
2005'SET
2828'SET
STLG'9ET
Lyl LET
T60T'8ET
92€6'8ET
0SL9'7PT
66.Z°SPT
8LLE'OVT
S89Y°0ST
0865 TST

€209'69T ——

EEpRIREINE

Ph

Ph

Ph

Ph

Ph

3g

12‘0 liO 160 9‘0 E‘O

1%0

T T T T T T
190 180 170 160 150 140

(ppm)




8T6L°T
9660 T\

98zL2
L88LT

SSOT'E
6oTTE

1058°S
G908's —

95829
2€08'9
£808'9
2v28'9
258’9
2958'9
8898'9 —=
1966°9
28669
SZTOL
1520°L
21202
2SE0°L
LIEOL
9TS0'L
0890°L
TEBO'L
2060°L
9vOT'L
SYrZL
S8L2°L
8v8Z L
9882,

O

Ph

Ph

Ph

3h

00€0'T

S022'S
—~ 7
_—
21929
—~ 7
.
—_1evor

reiBaug

o0ezv'ee
w0717

YSLY'ST ——

280008 ——

6T LL
0005°2L HK

186070, —=

9220421
28sr'seT

YY0L' 9T

vSSL'9T

TI06'92T

082'L2T

915 2T

0012221

1698221

098] ——
Y68T'62T —_
£98'0ET /]
5598'0ET —
2110'TeT —
65€5'TET —
£2L5'TET —
£685'76T —
8628'ET —
0269'ET —4
TrS0°9ET —4
592967 —§
696'L6T —}
0ze'8eT —
2176881 —|
09721
185 T
607'9yT —
610825 —
225'S9T ——

1 Tr1omm on

0
N

Ph

Ph

Ph

3h

T
110

T
120

T
130

T
140

T
150

T
160

T
170

(ppm)




vYESE'S ——

orTo'9
otuw,wJH

6028°9
28589
ozz89 -
T966°9
00TO 2
TS20°2
S9EO0 L —f
9TSO" 2 —
+SSO"L —|
£690°2 —|
vv80°L —
0zZ60°2
8S0T L
60TT 2
8T2e L -
6922 2 -
etz 2
69€2Z 2 —
zeve L
ovsz 2
S892°2
[ora =TV
vi82 L
ze62°2 -
osog'2 -

e

o m

T

880"~ |
vree s

Ph

3i

B ——————— T )

L —
 CLE670 |

f——

——="0000"2

| /B5z6°T
40m01_u
N

—S258'9

—Tze 0T

reiBoll

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
(PPmM)

6.5

7.5

8.0

66vZ 2L
L26V°22 HK
82SL 1L —=

2SLEEOT —_
Yrre voT ——

¥S95° 20T —

v92S°2ZT
2818921
+298°92T
00E0 LZT

0ST8 9T ——

Ph

3i

“.u .um\\

i

“w‘Mme mu\.wlm‘uﬂ AN mltmmA Ll

UMWMMMM‘Mm\J‘MWMLMMWLLUM Lum.m“mmhn.mmwwuhJu‘.‘dmmmmmmu.m“m wmm.mumu‘.‘m.mm\mm\.hmmm”mmmJA

I

m&lhlldu M

160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

170

(bpm)




11229 —
17729 —
5828'9 —
£2r8'9

6€88'9 —
81689 —
05102 —|

68202 —
orv0'L —
61502 —
81L0'L —
61802 —
15602 —
60TTL —|
YBITL —|
£L2TL —

O

Ph

Ph

Ph

0000'T

—/ 6v28'€
= 19919
= seeor

T681°T

" gte60|
87660

=\ 080T
\  eurt

Jeabarul

6vvTLL
0005°LL HK
TeSLLL—=

9690221 —
£0E€°€2T —|
208'v21 |
806'921 —|
6466'921 —|
9TYT 22T ]
S60Y'42T —
9 12T —
6089'221
0z18'221 —
1616'421 —
8687821 —|
£180'621 —
YOV 621
T82'621
8902621 —j
666061 —|
87.6'06T —|
S8T0'TET —
2evs'1eT —|
ST09'TET —
669'TET
20ET'VET ]
6255'7ET —]
6759 vET —]
ovey'seT ]
6028'56T |
989'26T —}
9026'26T
0978867 |
§159'5v7 |

0112 LvT —|
608151 M\\
1119'991

T

BB

1T

0
A

Ph

Ph

Ph

T
110

T
120

130

T
140

T
150

T
160

T
170

150

180

Lonm)




v8YrY'SS
L 126¥°SS
6985°SS

) 8218'SS —=
o

1669 /eor0e L©
8388 % = 1o 6vveLL
o 2\ 9TvoE L 000522 %

\ vesoe lo T8SL°LL —=
<

OMe

€SET'ETT
¥99Z'€TT H/I
TS8P ETT —=

OMe

69ST'9 YTT8PTT ——
€ELT9 o
6EVS'9 HK O \ K‘\E.
wwww.w e} LVEGTO | ¥685°'SZT
=250 x rts | ST
e ™ 28267 [0 2288821 W
260 7 sesoz | evrer'eeT
G020 = 550 69TZ0ET —=
oy otzoz [@ 2T8S0ET
Toose u < ¥2ZT2°0ET
\ 0000’9 TSETTET
. O T 2SL0°CeT
290T 2L —= ~ 68TTZET
10212 (0] I\ _6ET6'V 0.2S°2ET
9zeTL s | v8YZ EET
682T'L 6550°T 118L°EET
12eTL R Tz9z'8ET \H
LIET'L N 6LLT'SYT \\\
£SPTL v09Y'OrT
09T 'L £058°0 toeo0sT
009z I~
9v9E"L [o
B86LEL ©
60682 28vy'8ST
1S82°L B 0TZS'8ST
60082 < 6£65'8ST
Fo oT/Z'6ST
1492°S9T ——
@
[@
LN
]
resbow |

OMe
MeO
3k OMe
i 170 léo 150 i 140 léO 120 110 100

180




0T0T'9
vITT9
8r69'9
2TTL'9
STYL'9
82529
61929

2189
SEEB'D W
2088'9
£568'9 —=

99Y0 L —=
2T90°L
89L0°L
SV60°L
V0T’ L
£80T°L
L6TT'L
092T°L
verTL
LEST'L
12522
V.82,
L08E'L
8S6E°L
60TV L
086L°L
TET8'L

h / vOE0'E

2156

Me

Me

3l

—_— 9566°0

\ 60509 [

| vorsT |

1868°T

\ €920°C
—\| 26602 [

TEL06 [

—\ 8960°T

11880
-~

resBoyuy |

¥eeLe
915412
60987 ——

6vvZLL
000SLL HK

186U —=

S91G'52T

1872921 m
L8EE8eT
909v°82T —
£955'82T —|
1799827 —
SPS6'62T —
8169'0ET —\
6098'06T —
STLT'TET —
0802'1€T
0T9E'TET -
6089'2€T |
88,6261 —
8219'€6T —|
12r0vET
62081 —
9821'SeT —|
62091 —
T60€'96T —
2911'9€T |
2502ET —
8v5z'8eT —|
9szy'spT —
221691 —|
266'05T —
S9EL'G9T ——

UL

1Tl

Me

Me

3l

T
110

T
120

T
130

T
160

T
170




1ST2T
SESTT /!
89VE'T /!U
PYSET

8106' —
2816'G —
1029

29009 M
88129 -
92209
6028'9 —}
1928'9 —
5e£8'9
£168'9
6996'9 —
1696'9 —
$8.6'9
£286'9 — W
SLO0L —|

00102 —

66202~
06602 —=
19502 /]
2190'L )
€000 —
18202
25—
68LT'L —|
81872 —
91612 —
2502,
26022 —
95222
229z L
6592'. ]
sv.2L
s8Lz'L ]
98822 |
7282,
2rse'L
£69¢2 |
r8e L —|
20002 |
gL'

1 UL

3]

=\ 29916
\  0008T |-

— L960T [,

0912

i

0

fesbaul

=

75

(ppm)

280L°TE
0zSL'1E
£216°TE
0956°TE

¥S08'vE
28.8'VE
2626'vE
8SY0°SE

oLvZ LL
T20S°LL %
2L8L° 1L

2e9TveT
8TBEVZT
TE6S VZT
LY6E'SZT

EV60°92T %
02LL°92T —=
vSSY'82T ——
9881'0ET —,
8LTS0ET —/
6052 °0ET —
166 0ET —
0LSO'TET —
06STTET —
1289°2€T
6086'ZET —|
OT6v'EET —
8E66'EET —
S9vEVET
LyEESET
080€'8ET —
©¥66L°SYT —|
Sv66'9vT —
8v8E 6T —
S82v 6T —

S

LA

8STL'SOT —

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180




99612
620z'2
6,02°2 -]
s0zz'2 -]
1822°2 -]
69£2°2 ]
£€52°2 ]
9652°2 ]
2692°2 ]
0922°2 ]
v.82°2 ]
€062 |
S505°2 —|
9025°2 |
0998°2 -

Cl

Cl

Cl

Cl

3n

L
0000'T
~—— "}

/ 1s26°T

M H zreoe
6606'T

—\_Ts90's
\ £696'S
— 1986°0

1
—_ 8,160

[eiBow

6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0

6.8

8.8 8.4 8.0 7.6

9.2

o8z LL
TEOS 2L
28SL 2L —=

TO6T'92T —
08v6'92T —
6ETT'82T —
20TE'82T —
069€'82T —

T8Z9°0ET —

YT, 62T —|
SS22°62T —| W
6002 °0ET —|

s6.5°€€T —
zezoeeT 4
TESOVET —}
eeeTvet - ﬁ

OLEZ'EET —|
9z €ET —| “H

TLvS'SET —
8968'SET —|
2625°LET |
8586°EVT —
TT69°SPT -
6v85°25T —

NWHO.\WH \\‘

Cl

Cl

Cl

3n

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190




SSPT'9
61919
6119
S0EL'9
615L'9
80LL'9
L9
2289
SE6L'9
21189
86€6'9
19769
v156'9
18969
15469
¥1869
682T°L
20vT'L
6LST'L
L19T°L
0ELT'L
L06T'L
01022
L
009Z'L
STov'L
SSYL
SOLY'L
8628'L
05¥8°L

L L s

—_ 00860

6688'L
— T

79007 |-
—~ T

6LE8'Y

|

—_ 6890°T |

—_  €0v8'0

feabau)

80

85

(ppm)

wesTLL
0005°LL W

T95L°LL —=

86v67TT
PLTTSTT
0982'STT
9997'9TT
2EE99TT

%
2260921
0£26'921 %
1581821
6€02'621 R
8169'0ET
600TET
L208£TET
BTEETET
£200'2€1
5982261
BYVEZET
0Ty 2ET
ET68'2ET
6956'2€T
ET6L€ET
8E60'7ET
9STL €T
TLYEPT
SOE0'9PT

950, T9T ——
YOLT'E9T ——
08ET'S9T ——

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

(ppm)




91029 —
0812’9
206€°9 -
26Tt'9
8vEL'9
or8r'9
T66t°9
2659 —
5659
8809'9
8ET9'O —
99v9'9 —|

on
@
©n
Qo
6o
JJ

T899'9 —
81819
S508'9
€289
2828'9
96v8'9 —|
2t798'9
92069 —
68169 —|
wee'o —
vr.6'9 —
S$686'9 —|
6500°2 —
L0ET" 2 —}
65vT L
0oT9T"Z |
TosT'2 -
ztar2 -}
€967 2 -
90922 |
o862
zeTr L -
oLzvL -
6862 —

L L

LA

o

=

.

I

e

O MeO

0.0

0.8

16

2.0

2.8

£86Z°€

I

_J
= —=_Tozee
MW Lg28°2 [

86se'€ [

3.6

i

SE66'0

24850'E
Sr20T| Y

S6vT'T

()
O
L]

9SLT'T

f

2966'S
98ET'T [

SOT'T
vozZEE |-
9ETT'T |-

B

8.0

00580

8.4

8.8

[esBou

626€'SS
68YY'SS
S8T2'SS
vOvL'SS

vSYZ LL
S00S°22 HK

9552 LL —=

EVY8ZTT
v988°ETT
1S66'ETT
8rZOVTT

02ZE'STT
S29S'STT %
YELYOTT

=

€26S9TT

29TE'ETT
22SE'ETT
9089°€2T
LLEOPZT —=

S90L'S2T —__
ZrT8'9sT ——
025821
21829°8ZT
9€£08'82T

69€6'8ST ——=
6680°6ST %
6891'6ST \\\
818 09T

06LE'S9T —

O MeO

Ll

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
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 3 30 25 20 15




seto'z
66907 =

zeeTe ——
oezz'z ——

£2990°9
Tego9 =

68vE'L
or9oeL
61182
989272 ——
ssr2s—

Mm evveo|
T

eL0v9

= =7

Me

Me

3q

2\ TTrO9 -
/w \ zz9g's |

/ 0g96'T
— 8s88'T

=
—LE9T'T
66V0'T [

\ ooog's |

N
2ZSPTT |-

M\ PTLOT[

L ——

00160 |
—~—— T

resBaiu)

0.0

0.4

0.8

1.2

1.6

2.0

8.8

v029TC
96791
181912
9€58T2

6vvZLL
000S°LL HK

196070 —=

9TPE'SZT
SYBL9ZT
0862'82T
STEY'8CT
269821
1512821
1018'82T
Tv58'82T
0188621 ——

@mﬁwog
ﬁmmmomﬁ m
omoNHQ \\!
Ncmvmmﬁ
89T €T
9g8E'GET
066L°GET
L122°9T
1527981
2999'9€T
€909°LET
6820°8ET
6.07°8ET
2997°'8ET
YILS'SPT
99.Z°LYT
982L°05T

9981997 ——

Me

Me

3q

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

(ppm)




02909 —
€809 —

3r
(major)

p—
I

~—"""1

| zesee

WSL'T

=

8926'S

\ Ev8s’s
N IR
\ €860

—_ 0000T

jesbau

40

70

75

85

9.0

(ppm)

6vve L
000522
TSSL 1L —=

SOY8vTIT
SZY6vIT
TOTT'STT
2062°9TT
€8SY°9TT
8v00'92T
8£68'92T
EVET LZT
ov6z' LT
€89L°L2T
TEY8'LZT
9826°L2T
¥EZ0'8ZT
80TT'82T
€861°82T
09v1°82T
T88°62T
S669°62T

W
60Z1"0ET
££89°0ET
0088°0ET
ZTYrIET
6889 TET
SS08°'TET
S6EVZET
8L6t°ZET
96¥6°'ZET
6.00°EET
9ZES'EET
9608°EET
9ETOVET

3r
(major)

T T T T T T T T
110 100 90 80

T
10

T
30

T
40

T
50

T
60

T
120

T
130

T
140

T
150

T
160

T
170




225 16T ——
6628 LET
116 26T

T9T6°€rT
o 6T IrT %
Sl 2062 LYT ——

re 8861 15T
L 199671 =
verozst—

Fo 0500797 —=

szl 22991
r< £905'LL L282'S9T
TSLLL 2616991
2619911
6ELL'VTT
ra 22E8VIT

(@)
Wa
3r
(minor)
SO

140

145

150
30

(ppm)

T
155

160

165

70

89V8YIT —
0/2641T
STYEYTT —
[w 8666717 —
9v60'STT

282911 — L
| 1o 005°91T —
otovz[@ 1660521
96521 —
i\ 960 S88'9ZT

(ppm)

|

1190221 —

© 9680'22T —
eV 04T 22T

—_— 6158221 —

€908 9620121
—— = 8v5g'121
= Lovor 220821

0880'82T —§

0007 1281'821

= s0ev'82T —§

O\ eere) e |
_— £289'06T
T\ 88Tl 8969'0T —
re 2USBOET —

06.8'0ET —
952 TET
- VELOTET
@ 269'1ET
1281161

Ph

LUl
5

A
0]
Wa

1 L

Iy

. 1186261 —f
= 1598261 —
S188°2€T —4
v60v'2€T —4
w sz8r'zeT —
e vivezet
1666'2¢T —
91E5°EET —|
o y2e6°€eT —
rs 6896°e1 —}
s1zg'veT —
658T'5eT —}
w0 8ET5'SET —}
[s zzsrie1
6628 26T —}
€116 267
° TOT6'EVT ]
4 £6vTVT ]
8555'SYT —]
1829°HT ]
0 v528'5rT ]
r= 2062 111 ]
8€6.°75T |
1998'75T

fesbauy

T
(ppm)

100

110

(minor)

120

130

T
150 140

160

170




2881°0
0912°0 s

02909 —

€809 —=

9
188.'9
21289
9818’9
2012
2L
TET'L
ST\

YO0Z L ——=
sstzL =
S6€2'L
65522
[
€2zt
€LZL
I8z
18622
£€68'L
2or'L
geer'L
£608'2
Sv28'L

TMS

TMS

(major)

L /9906
3

—

00006

2980'T

/ etz

[413%4

SeLTE [

= e

UM 00T°0T

\ eserif

\, 860

feabawuy

5190
90990~ u!

88YZ'LL
8€0S'LL HK

68SLLL —=

9089'S2T —
2018927 —
2198'92T —
199°12T —
¥2E6'22T
YET BT —
5208621 —|
8EY6'62T —|
2086'62T —
TB0E0ET —
0STO'TET —
85TV TET —]
TOLY'TET
£455'16T
657261 —
1685 26T —
9028'¢€T —
2025 vET
Lzl seT
£v60'9€T
1920°161
0160'8€T
£6v1°8ET
S0T2°88T —|
1626'8€T —|
£00¥'SPT
086T'LT —|
1125751

TS5'69T ——

f

LR

ST

TMS

TMS

(major)

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

(oom)




r9T0 ——

618
eoB8'c ——
vE8L'9
1619
g
£v88'9
0069
6£86°9
06669
6L10L
STE0L
810,
290,
210
80
19602
608TL
020z L
2L
8Tz L
0097 L
609EL
08LEL
Ve L
890L
6T8LL

S

3t
(minor)

TMS

099°LT

S0E0°T

-/ GL60°C

=T

= 81L0C

=~ 88YT'L
Uro'y

i

\ 2850 |

00260

[eabaju)

8LYS0-
98150 A

6vvZLL
0009°LL HK
1860 L0 —=

89.5'ZT
£6/8'92T
Tr50'22T
1985221
628L°LCT
9115821

9602 0ET
9092'0ET H/I
666L 06T
120 =

992y TET
TL99'TET
6Y58°2€T
695 EET
YOTZ'PET
TI9PET
626v'SET
6028'SET
¥€96'LET
L2L0°8ET
YOZEBET
9007 8ET
9LTIBET
S96E'SHT
6208'9T
£L00TST
9L0v'59T ——

W

sl

3t
(minor)

T™MS

i

bl

o

T
180

T
190

(ppm)




1269°€
LY0L'E HK

LT6L'E
9508t ——

FOQ

2619 O O (18
95519
68759 (@] VY

BRale

SEEEBIBIBIE
E28IITRBRBE
SRBRRREREBRY

(major)

U

— posTe

=

\ 9vSTE

060T'T

/6L

e
66867
—

—__ r608'S
N\ 29861

/0000

— €08T'T | 1

21960

feaBau)

(ppm)

T26v°SS
sIrpes =

STl
000°LL %

T85LLL —=

SLTEETT
T5S8PTT
866 VTT
L220'STT

PUITSIT —=

798L'SeT
LRt 1/!
v e %
6L9Y'82T ——
€0L9'62T —=
0166621 —/=
OIS TET
TIT9TET
TELE'TET
(744434
VIS CET
08L5°CeT

LT66°EET
¥¥10°8ET
gzLT ST
LI2S'SHT

ozeztst—

=
1925°65T

816TT9T —/_
su60°e9T

eELYIT

3
(maijor)

N B

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

(ppm)




8108°€
To0E ——

e

OMe

(minor)

= 9vor'9

__—
¥050°T
~ "

—/ slwe

\ 21868
—/ zeey

N\ 8werT

| —

—. 6182T

[ ——
—_ 0000T

feaBau|

(ppm)

6555
crzges

rSTLL
000522 HK
185LLL —=

86LGETT
9.9L¥TT
VETEVTT
25E6VTT

0180'5TT

0L8L°SeT —~__
/58927 ——
£955°8¢T ——
0899'62T —7—
Toowet /=
ETLGTET
©086°TET
BELETET

6vrZET
6696'€ET
6610°ET
2000771 ——

goteat —

G/8L°1ST ——

VEELBST ——
SL6v'65T —

88ES'G9T ——

st bbbtk JLHM

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

{opm)




e |

16¥6°0

g Skl

/ €oge’0

— cestT

i

ooa.ma
~ eeoz|
0950'T

YET0
T1€98°0

resBaul

J»

68YVZ 2L
ovoS 22 H{

06SL°2L

OT9L'SZT —
0596'S2T —
SEOT'9ZT —
521921
6T2'92T
0928'92T —

Ev2822T —
S¥S6°L2T —|
¥820°8ZT —|
6225'82T —
STYL 82T —
T9S.'8ZT

TIvr'62T —f=
STTTOET
£SSTOET —

6022 0ET ——
9000°TET —| =
LTI9S'TET —|

999T'ZET —
SEVYP'CET —|

S6.LT'EET
280Z°€€T
606EEET —
oto6'eeT |
T86T'SET
0rS9'LET —|
S.t0'8ET
¥690'8€T —|
82.6'v¥T
670, 9vT —

9TL8'TST H‘H
SEEV'SOT

T
100

T
110

T
120

T
130

T
140

i
150

T
160

T
170

T
180




1190
2989°0
T00L°0
SY8L'0
L6620 W

SET8'0 ——

2880°L
L060°L

9vor'L

TL0T'L

OTET'L

SYETL

L89T'L

8E9T'L

99T'L

vILTL
ST8T'L |
v182'L |
S68€L —
8682 —
£86¢°L
8007°L 4
zetrs
o9z’
vier's —
0672
1872 —|
£58v'L |
62 —
6L6v'L
5008'2
89082 —}
8118’ —
1878, |
9v86'L —|
60662 —|
65662 !

L L]

Ph

O~Et

Ph O

3w

—/ Ge08'T

= vz
|
{
)

/ .
00002
T\ 9268°T |

H 8108
ST9T'E
= 7"

\  8e0ee

]
U 269%°T
. TELT

feabau)

/ EV68'T [

9605°€T
agTeET

059609
159779 ——

6vvTLL
0005°LL W
8LyLLL

LEaras

£0.8' 22T
16221
S08€'82T
8169'82T
6168821
YZT6'82T %

VBT 62T
S02€°62T
2269'62T
L128°06T
89V 2ET

VB8 ZET
TEOZ VET
08LT'9ET
PLEETHT

0066°€vT
£85G'65T ——

e

£82€°09T ——
SZTPT9T ——
0892'89T —

LYST'G6T ——

Ph

O~Et

Ph O

gt-©O

3w

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

{oom)




62rEE —_
6007'E ——

NOQNT O
SONNOON
WITONSO

) AAMARARRRNAN 200
NNNNNNN

O

Ph

O-Me

Ph

—/ 0880°€

3v

1\ CEET'E

90602

I
|

£00Z°€

|

osze's

I

98212

T

—._ 00002

leabarug

0.0

0.5

1.0

®pm)

8.10°2ZS
svTzes

99vZ LL
2T0S°LL
89GL°LL —=

6615 V2T
L6E0'8ZT
£60€'8ZT

T0T2'82T
L,.8°82T

T9Z6'EVT ——
€L95°€ST —

¥600°09T ——

S652°E9T ——
LYY yOT —

86£0°G6T ——

T T T T T T T
200 190 180 170 160 150 140

T
210

®Ppm)




eSS
6eg5s
£568'9
¥016'9
56269
L0¥6'9
L5¥6'9
12969
59€0'L

POELOT ——

Ph

Ph

Ph

Ph

59860 [0

—/ BELT'9

TSEET

j

1522

95.6'0

I

fesBaul

€2rL09 —

BT LL
£605°LL HK

€8SLLL —=

10501221
1087221
625521
6€09'221
S9v6 221
8Y00'821
S80'821
WIT8eT
0682821
1027821
weeee —=
288821
806827 —/f—
0905621 —f=

[

i

795621 —|
6089'627 —
£65°08T —
TI0L 06T —
SEEETET
L0L5'VET ]
£296'vET ]
OpTE'SET —
625 LET —

06eT 77T \\
252571 —

o

020v'syT
9€60'75T |
5808'85T

2296 TLT ——

69€6'T6T ——

Ph

Ph

Ph

OH

T
110

T
130

T
140

T
150

T
160

T
170

T
180

T
190

Lonm)




75v8'9
20269 W
0TY6'9 ——
soirs
o161 =
L6TZ°L
Te'L

66vC°L
0092°L

Ph

Ph

Ph

Ph

L/ 0000T

—

U 688L°€ |
S622°7

\  S€8TT

[eabayul

75

(ppm)

6vveLL
0005°LL HK
T85L°LL

0808'SCT
007€'9CT
69v0°22T
6586°.2T
6.9v'82T /!
£105'82T
0528'82T
T58'82T
10.6'82T
T918°62T
£289°06T
0088°0ET
PYPTTET
£006'TET
P9LS'EET

T2LEVST ——

0418002 ——

Ph

Ph

Ph

Ph

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

(ppm)




2088'9 —
816'9
21169
5869
98869 —
1669
s1002
600" —
62502 —
26502 —
55902 —§
50002 —
08202 —
€600 —f
[I T
£2ETL —
TITL—|
YLPT L —
05512 —
T0.1°L
2v0z'2
08122
zeee L
s6v2'L —|
ve9z'L —
s8s2' —
1822 —
05082 —
2552 —
22952
€295, —
£S5 ]
89592 —
6129,
8589 —
828L'2 —]
086 —
zee L |
eaeaL —

LU T

OH
~

Ph

Ph

Ph

Ph

L1887
26T

i

182€°€

\ oty

ySUTY

=\ 6wTe
\ 1500
\ 00002

[eaBaw

(opm)

2esTLL
000§2L HK
T86LLL—=

2558'50T ——

T2y LTI —
8862121 |
6€99'02T

TSEL'SZT M
68€°12T —|
8908'12T —|
8197821 —|
£861°82T —
222e 8T —
S08€°82T /)
S6Y'62T —
8902'62T —
T0SY'0ET
£2L5T6T
6022267 —
8620°€€T —4
26L01ET —
T982'4ET —
S9°SET —
5886'SET —
£€6'8ET —
187TSHT —
6LbS'9vT —
£959°75T

=

T

1Tl

LLYT89T ——

B9EE'G6T ——

Ph

Ph

OH
S

OH

Ph

Ph

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

(ppm)




L
otoTz =

asy
§5¢
RN
Ll
0

71980

ﬁ%ww%

Ph

Ph

O
HO

Ph Pph

26260

L 74 ik
LY

I — P

zLe0Y
-

= susT

\ 88660

feaBauy

6TIY L

B065EL \—
N

T6V7LL

T0S'LL H(
WSLLL

68T 22T
v99Y° 22T
1699°22T
6210821
2105821
£606'8CT
TEE0'6CT

£86L°6CT
al86erT =

69T0°06T
S9TL0ET
¥2v6°0ET

68TL'EET
GGE8'EET
9SVEVET
00TL¥ET
OpLLGET
L00Y°9ET
ZeveorT
v9vLErT
96VE'SYT
7825957 ——
¥6L€'85T ——

8085287 ——

Ph

O

‘0 Ph

Ph Ph

HO

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

(oom)




ET6TE ——

OH
Ph

Ph

— 00007

Ph

O Ph
8

T

2980'8

586°L

N ez

— L0

—_ 8610"

[eaBa|

(ppm)

2eSTLL
0005°2L HK
T98L°LL

99568 ——

98TV
TE9Z V2T
1008521
9veL 2Tt
Lv08°22
ozreaet
o
26,9821
v802'82T
1210621
8E2T'6ZT
2097621 \H

1509°62T
98T TET
YIE0ZET
€9ST'CET
SGETTET
0/9¢°€€T
Z0ETHET
TETLVET

€2rLYET
SLL9°8ET
9899'6€T
S.81°87T

T80T°25T

LETS LT —=
su90891

OH

Ph

Ph

Ph

O Ph

i

T
110

A

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

(oom)




2018 ——

70687 ——

T0LT9 ——

TZeLL
09%L°L
TI9LL
0SLLL
T06L°L
0r08'L ——=

10008
2800°8
€ET0'8
8020'8
6v50'8
00208

EVEY'0

0000°€

e
682
-~

feaBayu

8T0T'LY
v69Z'LY
svvyLy
611921
%6LLLY
SrS6'LY
TeTey —=

0pLTOTT
YorgoTT =

ov1°SeT
g ——
61v8'S2T

1629067 ——
961 26T ——
_/~

8888°Z€T
ELTYET H\|
S00Z°¥ET

ZUEPTBT ——
7902 78T ——

00v5'S8T
V161581
£LL6'S8T

13¢c

OH

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

(ppm)




6080°
6S80°
2.60°
€20t
6528’
86€8°
TG.8°
0688°
2800°
Y120’
S9€E0”
T6t0°
6.50°
cvroo’
0890°
6T80°
0.60°
90T
TZTT
v8TIT’
€L2T
9EVT”
8sve’
zz9oz
ceclLe
v.i8C
s.62°
8€0¢€”
ovov”
L6TV
6VvEY”
L0zg’
8G€8’°

NNNNNNNNNGGGOEOGOOE6

~
L
T

NN
L
1

O-

Ph

C\

Ph

Ph

Ph

3a'a

ooTT]

s

0000t

repbalug

2.0 1.5 1.0

2.5

4.0

4.5
(PPmM)

7.5 7.0

8.0

6vveLL
000S° 2L HK
TSSL LL—=

T+89'SZT
EETL STT
IGSE8°92T
€62.8°92T
EOE6°92T
0920°22T
86t 22T
0809 22T
OT9L 22T
BSE6 LZT
BOTY 82T —
09t 82T —=
IGOZE 62T —
E6T9 62T —
L0222 0ET |
€096°0€T -
5667 TET -
0SS TET
28 EET -
D098 EET
E68S VET
PYEY SET
6692 SET
OV99 LET |
g9€0 8ET
LTOE SPT
BZSE SYT
PTZO L¥T
mwmw.amam\\
gezzr soT

LA

60 50 40 30 20 10

70

Ph

Ph

Ph

3a'a

110 100 90 80

120

130

140

180 170 160 150

190

o

(PPmM)



0L08°€
L01€°€
EETEE
oLte’e

50067 ——

8Y66'S
Y166'S

92289
15269

€g2LL
6SEL°L
V8EL'L

0TSL°L
9ESL'L
YLLL
£18L°L
256L°L

0886°L
V66°L
20008
2€00'8
28008
€2v0'8
1950°8

£96v°0

00050

0LL6T

620v'T

\  vET

feabau)

(pom)

160T°LY
90Ty
oLy
61921
898LLY
SYSELY
£62T'87

671L°60T
LT16'60T
LSTTOTT
€18T0TT
T8LE0TT

Tzes T —=
LLv90TT

oY1S'SeT ——
1218°S2T %
9vE8'SZT
5009°08T —"
8888'26T — —
EUTHET
002 %ET

PSIY' 18T ——
LBS6'E8T —=

veer et —f=
9€05'58T
Thv2 'S8T
00L6'58T

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190




9180

2680°
8660°

T90T

2628
9EV8”

‘9]
‘9]
D

6€C0”
06€0°
ovvOo-
8.Lv0°
#0S0"
26S0°
SS90°

6818
8268
[e]o) He)

S020
TEBO
€860
€E0T
TZ0T
OVTT
OTZT
S8CT
6vvT

zceve:
VA4 TA
OTZlc
seLe
1862

€90¢€
650t
6TV

o8cy”
6vEY”

cees
€8€8

.
9
9
‘9
9
9

Z
4
2
2
<2
L
Z
L
5
5
5
5
5
5
5
5
2 4
72—
7
7
7
-7
7
5

7

T

-y
A
.FL

13 Ph

I

1

T06EV

—~—_= 7
S

2220,

WVN0.0

VLT T

000°'T

ubaiug

| a—

=—6Vvv0'T

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
(PPm)

9.0

6vv
000!

[T89
EETL
Bzvrs
6.8
goee6
0920
Y 86v
0809
pess
BSE6
BOTV
oot
goze
pcT9o
STO8
v e86

[T9SL
62S6
rsec
pese

B6EL

poLe
ge6L

p8vL
LT6eL
D0S9
BTL9O
E6SL

x4sr4
peze
geec
GT66

[TTLO"
groe”
[AYVA 2

gecer”
[Tves”
©098"°

BecTv
gevv

6820

SYAel o

cLL
m,FFHK

'S2T
'STT
‘92T
‘92T
‘92T

.hNHM
22T
22T
22T
22T
‘82T
‘82T
62T
‘62T
62T
62T
0ET
oeT

‘OET
"OET
“TET
"TET
TET
“TET
€€T
£€T
YET
YET
SET
SET -
‘SET
‘SET ]
2T ]
2T ]
LeT
geT
‘8T -
‘ST
TST

<

TSSL LL—=

OET —=

0]

TST
sotT-

13 Ph

10

20

T
100

T T
130 120

T
140

T
180

T
190

fmram)



	SI-1.pdf
	SI-2

