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General. The 'H and °C NMR spectra were recorded at 300 and 75.5 MHz or 400
and 100 MHz respectively. Chemical shifts are reported in parts per million (ppm) downfield
from TMS. Thin layer chromatography was performed using commercially prepared 60-
mesh silica gel plates, and visualization was effected with short wavelength UV light (254
nm). All reagents were used directly as obtained commercially unless otherwise noted. THF
and CH,Cl, were distilled from sodium/benzophenone or CaH, respectively, under an
atmosphere of argon prior to use. All glassware and stirring bars were oven dried prior to use.

HPLC analysis was carried out using an XBridge MS C-18 column (5 pM, 4.6 x 150
mm) with gradient elution (5% CH;CN to 100% CH3;CN) on a Waters Alliance 2795
Separation Module with a Waters 2996 Photodiode Array UV detector and a
Waters/Micromass LCT Premier (TOF) detector. Purification was carried out using an
XBridge MS C-18 column (5 uM, 19 x 150 mm) with a gradient elution (a narrow CH3CN
gradient was chosen based on the targets retention time from the LCMS analysis of the crude
sample) on a Mass Directed Fractionation instrument with a Waters 2767 sample manager, a
Waters 2525 HPLC pump, a Waters 2487 dual A absorbance detector, and a
Waters/Micromass ZQ (quadrupole) detector. Fractions were triggered using a MS and/or
UV threshold determined by an LCMS analysis of the crude sample. One of three aqueous
mobile phases were chosen for both analysis and purification to promote the targets neutral
state (water, 0.05% formic acid or pH 9.8 ImM HCO,NH,). High resolution mass spectra
(HRMS) were obtained using a Waters/Micromass LCT Premier (TOF instrument).

[2-(4-Methoxyphenylethynyl)phenyl]dimethylamine was prepared by a literature

1
procedure.
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General procedure for the palladium/copper-catalyzed synthesis of the N,/V-
dialkyl-o-(1-alkynyl)anilines.” In a 100 ml round bottom flask, PdCl,(PPhs), (0.2 mmol,
140.2 mg) and Cul (0.1 mmol, 19.0 mg) was added to a solution of N,N-dimethyl-o-
iodoaniline (10.0 mmol, 2.47 g) in Et;N (15 ml). The flask was then sealed and flushed with
Ar. The reaction mixture was stirred for 20 min at room temperature. A solution of the
corresponding alkyne (12.0 mmol) in EtsN (10 mL) and DMF (10 ml) was then added
dropwise and the reaction mixture was allowed to stir at 50 °C until completion of the
reaction, which was monitored by TLC analysis. After the reaction was over, the resulting
solution was diluted with HO (25 ml) and extracted with EtOAc (3 x 20 mL). The
combined EtOAc fractions were dried over anhydrous Na,SO, and concentrated under
vacuum to yield the crude product. The crude product was purified by flash chromatography

on silica gel using ethyl acetate/hexanes as the eluent to afford the desired N,N-dialkyl-o-(1-

alkynyl)aniline.
CN
K
O N,Me
Me
4-[2-(Dimethylamino)phenylethynyl|benzonitrile. Purification by  flash

chromatography (2:1 hexanes/EtOAc) afforded 1.67 g (68%) of the product: 'H NMR
(CDCl3, 400 MHz) 6 2.99 (s, 6H), 6.88-6.95 (m, 2H), 7.25-7.31 (m, 1H), 7.47-7.49 (dd, J =
7.6, 1.4 Hz, 1H), 7.58-7.63 (m, 4H); °C NMR & 43.72, 93.20, 93.83, 111.21, 113.94, 117.22,
118.83, 120.65, 128.98, 130.35, 131.81, 132.19, 134.72, 155.23; HRMS Calcd for C;7H4No:

246.11570. Found: 246.11610.
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General procedure for iodocyclization. To a solution of the N,N-dialkyl-o-(1-
alkynyl)aniline (1.0 mmol) in CH,Cl, (10 ml), I, (2 mmol, 508 mg) dissolved in CH,ClI, (10
mL) was added gradually. The reaction mixture was allowed to stir at room temperature for
the desired time. The reaction was monitored by TLC analysis. After completion of the
reaction, the excess I, was removed by washing with satd aq Na,S,03;. The mixture was then
extracted by CH,Cl, (3 x 10 mL). The combined CH,Cl, layers were dried over anhydrous
Na;SO4 and concentrated under vacuum to yield the crude product, which was purified by
flash chromatography on silica gel using hexanes/ethyl acetate as the eluent to afford the

desired 3-iodoindole.

N

\

Me 22)
3-lodo-2-(4-methoxyphenyl)-1-methyl-1H-indole 2{2}.  Purification by flash
chromatography (10:1 hexanes/EtOAc) afforded 0.28 g (79%) of the product: 'H NMR
(CDCls, 400 MHz) 6 3.65 (s, 3H), 3.87 (s, 3H), 7.01-7.04 (d, J = 8.6 Hz, 2H), 7.20-7.24 (m,
1H), 7.28-7.29 (d, J = 3.6 Hz, 2H), 7.36-7.39 (d, J = 8.7 Hz, 2H), 7.47-7.49 (d, J = 7.8 Hz,
1H); C NMR § 32.14, 55.53, 58.95, 109.96, 114.04, 120.79, 121.45, 122.88, 123.92,
130.47, 132.31, 137.81, 141.81, 160.05; HRMS Calcd for C;cH;4ONI: 363.01202. Found:

363.01253.
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2(3}

4-(3-Iodo-1-methyl-1H-indol-2-yl)benzonitrile 2{3}. Purification by flash
chromatography (20:1 hexanes/EtOAc) afforded 0.17 g (48%) of the product: 'H NMR
(CDCls,400 MHz) & 3.66 (s, 3H), 7.23-7.27 (m, 1H), 7.30-7.36 (m, 2H), 7.49-7.51 (d, J=17.8
Hz, 1H), 7.56-7.59 (d, J = 8.2 Hz, 2H), 7.76-7.78 (d, J = 8.3 Hz, 2H); *C NMR & 32.40,
60.39, 110.20, 112.47, 118.65, 121.32, 121.96, 123.93, 130.44, 131.70, 132.32, 136.33,

138.23, 139.45; HRMS Calcd for Ci6H;iN2I: 357.99670. Found: 357.99728.

I

2{6}

Iz

Procedure for the preparation of (3-iodo-1H-indol-2-yl)methanol 2{6}. A
modified literature procedure was used.” In a 100 mL flask to a solution of 3-iodo-1H-
indole-2-carbaldehyde (3.0 mmol, 0.825 g) in anhydrous THF (20 ml), NaBH4 (6.0 mmol)
was added and the reaction mixture was refluxed for Sh. After completion of the reaction,
which was monitored by TLC analysis, the reaction mixture was cooled to room temperature
and the excess NaBH, was quenched by slow addition of water (20 ml). THF was removed
under reduced pressure. The solid residue was filtered, washed with cold water and dried to
afford 0.60 g (74%) of the desired (3-iodo-1H-indol-2-yl)methanol: "H NMR (CDCls, 400
MHz) & 4.82 (s, 2H), 7.15-7.28 (m, 4H), 7.39-7.41 (d, J = 7.5 Hz, 1H), 8.84 (s, 1H); °C
NMR & 57.75, 59.18, 111.53, 120.96, 121.03, 123.50, 130.42, 136.15, 137.95; HRMS Calcd

for CoHoONI: 273.96507. Found: 273.96562.
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General procedure for the Sonogashira coupling in solution phase. To a 4-dram
vial was added the appropriate 3-iodoindole (0.2 mmol), PdCI,(PPh;), (0.01 mmol, 7.0 mg),
Cul (0.005 mmol, 1.0 mg), EtsN (1.5 mL), DMF (1.5 mL) and the acetylene (0.3 mmol). The
reaction mixture was flushed with argon and stirred for 10 minutes at room temperature. The
reaction was then heated to 65 °C until TLC analysis revealed complete conversion of the
starting material. After the reaction was over, the resulting solution was diluted with H,O
(10 ml) and extracted with EtOAc (2 x 10 mL). The combined EtOAc fractions were dried
over anhydrous Na,SO, and concentrated under vacuum to yield the crude product. The

residue was purified by preparative HPLC.

General procedure for the Suzuki-Miyaura cross-coupling in solution phase. To
a 4-dram vial was added the appropriate 4-iodoindole (0.2 mmol), the arylboronic acid (0.3
mmol), Pd(PPh;)4 (0.02 mmol, 23.1 mg) and KOH (1.6 mmol, 89.6 mg) in 5:1 PhCH;:EtOH
(3.0 mL). A few drops of water were added to the reaction mixture, which was stirred at 90
°C until TLC analysis revealed complete conversion of the starting material. The reaction
mixture was cooled, diluted with EtOAc (15 ml) and filtered through celite. The celite-bed
was washed with EtOAc. The filtrate was dried over Na,SO4 and concentrated under

reduced pressure. The residue was purified by preparative HPLC.

General procedure for coupling the acid to the polymer-bound 4-
(benzyloxy)benzyl chloride resin. Chlorinated Wang resin (3.73 g, 0.75 mmol/g) was

placed in dry DMF (40 mL) for 10 min. After addition of 3-iodo-4-
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[methyl(phenyl)amino]benzoic acid (1.25 g, 1.5 equiv), Cs,CO; (2.8 g, 3.0 equiv) and KI
(0.23 g, 0.5 equiv), the mixture was stirred at 80 °C for 2 d. The reaction mixture was
allowed to cool to room temperature and the resin was then filtered, washed with water (4 x),

DMF (4 x), methanol (4 x) and DCM (4 x), and dried under vacuum overnight.

General procedure for the palladium/copper-catalyzed synthesis of /V,/NV-dialkyl-
o-(1-alkynyl)anilines on a solid support. In a 100 mL round bottom flask were placed the
acid coupled polymer-bound resin (1.0 g, 0.6 mmol), PdCIy(PPhs), (23 mg, 5 mol %) and Cul
(12.5 mg, 10 mol %). Toluene (13 mL) was added and the reaction mixture was shaken for 5
min. HNEt, (13 mL) and the terminal acetylene (5.0 equiv) were added and the mixture was
shaken at room temperature for 2 d. The polymer was filtered, washed successively with

DMF (4 x), MeOH (4 x) and DCM (4 x), and dried under vacuum overnight.

General procedure for iodocyclization on a solid support. The appropriate
polymer bound N,N-dialkyl-o-(1-alkynyl)aniline (800 mg) was placed in DCM (20 mL) for 5
min. I, (0.52 g, 4.0 equiv) was added and the mixture was shaken at room temperature for 24
h. The polymer was filtered, washed successively with DMF (4 x), MeOH (4 x) and DCM (4

x), and dried under vacuum overnight.

General procedure for Sonogashira cross-coupling on a solid support. In a 100
mL round bottom flask were placed the appropriate polymer-bound 3-iodoindole (0.5 g, ~0.3
mmol), PdCLy(PPh;3), (12 mg, 5 mol %) and Cul (6.0 mg, 10 mol %). Toluene (7 mL) was

added and the reaction mixture was shaken for 5 min. HNEt;, (7 mL) and the terminal
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acetylene (5.0 equiv) were added and the mixture was stirred at 65 °C for 2 d. The polymer
was filtered, washed successively with DMF (4 x), MeOH (4 x) and DCM (4 x), and dried

under vacuum overnight.

General procedure for Suzuki-Miyaura cross-coupling on a solid support. In a
100 mL round bottom flask were placed the appropriate polymer-bound 3-iodoindole (0.5 g,
~0.3 mmol), Pd(OAc); (7.3 mg, 10 mol %), PPhs (16.7 mg, 20 mol %), CsF (14.2 mg, 4.4
equiv) and the arylboronic acid (2.5 equiv). DME (15 mL) was added and the reaction
mixture was heated at 90 °C for 48 h. The polymer was filtered, washed successively with

DMF (4 x), MeOH (4 x) and DCM (4 x), and dried under vacuum overnight.

General procedure for cleavage by lithium aluminum hydride. A solution of
LAH in THF (1.0 M, 2 mL) was added to a stirred suspension of the appropriate resin-bound
indole (200 mg) in THF (4 mL) at 0 °C under an inert atmosphere. The mixture was stirred
at 0 °C for 2 h, diluted with THF (2 mL), and quenched with a saturated solution of Na'K"
tartrate (8.0 mL). The reaction was warmed to room temperature and stirred vigorously for 2
h. The resulting mixture was filtered and the resin was washed with CH,Cl,. The biphasic
filtrate was separated and the aqueous phase was extracted with CH,Cl,. The combined
organic layers were washed with brine, dried over Na,SOy4, and concentrated under reduced
pressure. The residue was purified either by flash chromatography or by preparative HPLC

to give the final isolated yield of product based upon the loading of resin.
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General procedure for cleavage by an alkyl magnesium bromide. A solution of
alkyl magnesium bromide in THF (2.0 M, 1 mL) was added to a stirred suspension of the
appropriate resin bound indole (200 mg) in THF (4 mL) at 0 °C under an inert atmosphere.
The mixture was gradually warmed to room temperature and stirred for 5 h. It was then
quenched with a satd aq solution of NH4Cl (10 mL). The resulting mixture was filtered and
the resin was washed with CH,Cl,. The biphasic filtrate was separated and the aqueous
phase was extracted with CH,Cl,. The combined organic layers were dried over Na,SO4 and
concentrated under reduced pressure.  The residue was purified either by flash
chromatography or by preparative HPLC to give the final isolated yield of product based

upon the loading of the resin.

Characterization data for representative library compounds.

O OMe

/Il

PhaW,
N
Me
5{2}
3-(3,5-Dimethoxyphenylethynyl)-1-methyl-2-phenyl-1H-indole 5{2}. Yield = 38%;
'H NMR (CDCl;, 400 MHz) & 3.76 (s, 3H), 3.78 (s, 6H), 6.38-6.39 (t, J = 2.4 Hz, 1H), 6.59-
6.596 (d, J = 2.4 Hz, 2H), 7.24-7.33 (m, 2H), 7.37-7.39 (m, 1H), 7.43-7.47 (m, 1H), 7.51-

7.55 (m, 2H), 7.66-7.69 (m, 2H), 7.83-7.86 (m, 1H); >C NMR & 31.89, 55.59, 84.22, 91.98,

96.83, 100.91, 109.10, 110.06, 120.27, 121.06, 123.14, 126.06, 128.58, 128.75, 128.94,
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130.49, 130.96, 137.39, 144.27, 160.64; HRMS Calcd for CpsH»NO,: 368.1572 [M + H]'.

Found: 368.1666.

F

e
DR,
N
Me
5{3}
3-(4-Fluoro-3-methylphenylethynyl)-1-methyl-2-phenyl-1H-indole 5{3}. Yield =
47%; "H NMR (CDCls, 400 MHz) & 2.24 (d, J = 2.0 Hz, 3H), 3.75 (s, 3H), 6.89-6.94 (t, J =
9.6 Hz, 1H), 7.19-7.20 (m, 1H), 7.24-7.27 (m, 2H), 7.29-7.33 (m, 1H), 7.36-7.38 (m, 1H),
7.43-7.47 (m, 1H), 7.51-7.55 (m, 2H), 7.66-7.68 (m, 2H), 7.81-7.83 (m, 1H); °C NMR §
14.61, 14.64, 31.87, 83.52, 91.01, 96.92, 110.05, 115.12, 115.35, 120.22, 120.39, 120.43,

121.00, 123.12, 125.02, 125.20, 128.59, 128.72, 128.97, 130.39, 130.46, 131.03, 134.34,

134.39, 137.38, 143.92, 159.58, 162.03 (extra peaks due to C-F splitting); HRMS Calcd for

Cp4HoFN: 340.1423 [M + H]". Found: 340.1522.

Me Me
OH
/

N

\

Me
5{13}
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4-[2-(4-Methoxyphenyl)-1-methyl-1H-indol-3-yl]-2-methylbut-3-yn-2-0l ~ 5{13}.
Yield = 33%; 'H NMR (CDCls, 400 MHz) & 1.59 (s, 6H), 3.71 (s, 3H), 3.88 (s, 3H), 7.01-
7.04 (m, 2H), 7.18-7.29 (m, 3H), 7.32-7.34 (m, 1H), 7.52-7.55 (m, 2H), 7.69-7.71 (m, 1H);
3C NMR § 31.74, 31.93, 55.56, 66.16, 68.69, 95.61, 96.20, 109.86, 113.97, 119.85, 120.83,

122.76, 123.24, 129.01, 131.64, 137.15, 143.98, 159.94; HRMS Calcd for C,H2,NO;:

320.1572 [M + H]". Found: 320.1656.

(o

I

N

\

5{14}
4-(1-Methyl-3-phenylethynyl-1H-indol-2-yl)benzonitrile 5{14}. Yield = 45%; 'H
NMR (CDCls, 400 MHz) & 3.75 (s, 3H), 7.24-7.37 (m, 6H), 7.42-7.44 (m, 2H), 7.80 (s, 4H),
7.84-7.86 (dt, J = 7.6, 0.8 Hz, 1H); °C NMR § 32.11, 83.38, 92.86, 98.73, 110.25, 112.03,
118.91, 120.65, 121.48, 124.10, 127.91, 128.56, 128.78, 130.85, 131.34, 132.34, 135.60,

137.91, 141.32; HRMS Calcd for Co4H;7N>: 333.1313 [M + H]". Found: 333.1408.

(O

)l

\ CHO
N

Me
5{15)

1-Methyl-3-phenylethynyl-1H-indole-2-carbaldehyde 5{15}. Yield = 89%; 'H

NMR (CDCls, 400 MHz) & 4.06 (s, 3H), 7.23-7.26 (m, 1H), 7.34-7.39 (m, 4H), 7.43-7.46 (m,
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1H), 7.57-7.59 (m, 2H), 7.87-7.89 (m, 1H), 10.25 (s, 1H); °C NMR & 31.96, 80.48, 97.08,
110.69, 111.97, 121.82, 122.32, 123.17, 127.72, 127.92, 128.64, 128.71, 131.68, 135.47,

139.62, 182.44; HRMS Calcd for C;sH 4NO: 260.0997 [M + H]". Found: 260.1087.

O OMe

)l

\ CHO
N

Me
5{17}

3-(3-Methoxyphenylethynyl)-1-methyl-1H-indole-2-carbaldehyde 5{17}. Yield =
79%; "H NMR (CDCls, 400 MHz) § 3.83 (s, 3H), 4.07 (s, 3H), 6.91-6.93 (m, 1H), 7.09-7.10
(m, 1H), 7.17-7.19 (m, 1H), 7.23-7.30 (m, 3H)(one extra proton due to overlap with the
CDCl; peak), 7.35-7.37 (d, J = 6.8 Hz, 1H), 7.44-7.47 (m, 1H), 7.88-7.90 (m, 1H), 10.2 (s,
1H); °C NMR § 31.98, 55.50, 80.32, 97.01, 100.93, 110.71, 111.89, 115.34, 116.32, 121.85,

122.34, 124.27, 127.74, 127.95, 129.73, 135.54, 139.64, 159.54, 182.46; HRMS Calcd for

C19H 6NO>: 290.1102 [M + H]". Found: 290.1197.

O OMe

/l

MeQO

5{18}
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3-(3,5-Dimethoxyphenylethynyl)-1-methyl-1H-indole-2-carbaldehyde 5{18}.
Yield = 94%; "H NMR (CDCls, 400 MHz) & 3.81 (s, 6H), 4.06 (s, 3H), 6.48-6.49 (t, J = 2.0
Hz, 1H), 6.71-6.73 (m, 2H), 7.23-7.26 (m, 2H)(one extra proton due to overlap with the
CDCl; peak), 7.35-7.36 (d, J= 6.8 Hz, 1H), 7.43-7.46 (m, 1H), 7.88-7.89 (d, J = 6.8 Hz, 1H),
10.25 (s, 1H); °C NMR & 31.95, 55.62, 80.08, 97.08, 102.13, 109.34, 110.70, 111.76,

121.84, 122.31, 124.43, 127.71, 127.93, 135.57, 139.61, 160.74, 182.42; HRMS Calcd for
C40H33N30¢: 656.2416 [2M + NH4]". Found: 656.2715.
N\
")
Me
N—cHo
N
5{19}
1-Methyl-3-(3-methyl-3H-imidazol-4-ylethynyl)-1H-indole-2-carbaldehyde
5{19}. Yield = 82%; 'H NMR (CDCls, 400 MHz) & 3.77 (s, 3H), 4.06 (s, 3H), 7.25-7.28 (m,
1H), 7.37-7.41 (m, 2H), 7.45-7.49 (m, 1H), 7.53 (s, 1H), 7.81-7.83 (m, 1H), 10.20 (s, 1H);

BC NMR & 31.96, 32.33, 84.29, 87.55, 110.79, 116.27, 122.03, 127.43, 128.02, 128.57,

132.11, 134.71, 135.28, 138.73, 139.50, 181.84; HRMS Calcd for CicH4N3O: 264.105862

[M + H]". Found: 264.1145.

OH
/l
N—cHo
N
520}
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3-(3-Hydroxy-3-methylbut-1-ynyl)-1-methyl-1H-indole-2-carbaldehyde = 5{20}.
Yield = 77%; '"H NMR (CDCls, 400 MHz) § 1.70 (s, 6H), 3.21 (broad s, 1H), 3.93 (s, 3H),
7.16-7.19 (m, 1H), 7.22-7.24 (d, J = 6.8 Hz, 1H), 7.36-7.39 (m, 1H), 7.72-7.74 (m, 1H),
10.08 (s, 1H); °C NMR & 31.70, 65.89, 72.93, 98.43, 101.94, 110.52, 111.49, 121.61,
122.02, 127.55, 127.80, 135.35, 139.35, 182.51; HRMS Caled for C;30H34N304: 500.2204

[2M + NH,]". Found: 500.2557.

o

/

\ CHO
N

\

5{21}
3-Phenylethynyl-1H-indole-2-carbaldehyde 5{21}. Yield = 52%; 'H NMR (CDCl;,
400 MHz) 6 7.26-7.29 (m, 1H), 7.39-7.48 (m, 5H), 7.61-7.63 (m, 2H), 7.92-7.93 (dd, J = 6.4,
0.4 Hz, 1H), 9.43 (broad s, 1H), 10.16 (s, 1H); °C NMR § 80.19, 96.88, 110.21, 112.90,
122.10, 122.48, 123.04, 128.39, 128.73, 128.80, 128.95, 131.87, 136.32, 137.17, 181.29;

HRMS Calcd for C;7H2NO: 246.0840 [M + H]". Found: 246.0935.

N\
wi

Me
/I

N—cHo
N

\

5{23}
3-(3-Methyl-3H-imidazol-4-ylethynyl)-1H-indole-2-carbaldehyde 5{23}. Yield =

36%; "H NMR (CDCls, 400 MHz) & 3.82 (s, 3H), 7.22-7.30 (m, 2H) (one extra proton due to
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overlap with the CDCl; peak), 7.45-7.47 (m, 3H), 7.58 (s, 1H), 7.86-7.87 (d, J = 6.4 Hz, 1H),
9.27 (broad s, 1H), 10.12 (s, 1H); °C NMR & 68.20, 84.16, 98.66, 108.16, 112.94, 122.27,
122.39, 128.52, 128.59, 130.44, 135.17, 136.26, 136.95, 138.95, 180.74; HRMS Calcd for

C15sH12N30: 250.0902 [M + H]'. Found: 250.0982.

OH
/l
N—cHo
N
5(25)

3-(3-Hydroxy-3-methylbut-1-ynyl)-1H-indole-2-carbaldehyde S5{25}. Yield =
43%; "H NMR (CDCl3, 400 MHz) & 1.71 (s, 6H), 7.41-7.55 (m, 3H), 7.65-7.69 (m, 1H),
7.79-7.81 (dd, J = 6.4, 0.8 Hz, 1H), 9.29 (broad s, 1H), 10.03 (s, 1H); °C NMR & 31.79,
66.17, 101.44, 108.16, 109.43, 112.80, 122.04, 128.31, 128.68, 132.27, 136.41, 136.96,

181.21; HRMS Caled for C14H7N,05: 245.0946 [M + NH4]". Found: 245.1307.

OMe

DRaW,
N
Me
5{30}
3-(4-Methoxyphenyl)-1-methyl-2-phenyl-1H-indole 5{30}. Yield =23%; 'H NMR
(CDCls, 400 MHz) 6 3.67 (s, 3H), 3.79 (s, 3H), 6.81-6.83 (m, 2H), 7.16-7.24 (m, 3H), 7.27-
7.41 (m, 7H), 7.74-7.76 (d, J = 8.0 Hz, 1H); °C NMR & 31.37, 55.30, 109.72, 113.96,

114.94, 119.80, 120.21, 122.33, 127.35, 127.76, 128.12, 128.59, 131.12, 131.43, 132.26,

137.64, 157.80, 167.48; HRMS Calcd for C2,H,0NO: 314.1466 [M + H]". Found: 314.1535.
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E OMe

N

Me
5{32}

3-(3-Fluoro-4-methoxyphenyl)-2-(4-methoxyphenyl)-1-methyl-1H-indole  5{32}.
Yield = 42%; "H NMR (CDCls, 400 MHz) § 3.64 (s, 3H), 3.83 (s, 3H), 3.86 (s, 3H), 6.84-
6.93 (m, 3H), 6.99-7.04 (m, 2H), 7.15-7.282 (m, 3H), 7.285-7.30 (m, 1H), 7.37-7.39 (d, J =
8.0 Hz, 1H), 7.72-7.74 (m, 1H); °C NMR & 31.02, 55.46, 56.41, 109.76, 113.44, 113.46,
113.57, 114.20, 117.39, 117.57, 119.37, 120.40, 122.27, 123.98, 125.61, 125.64, 127.03,
128.87, 128.94, 132.45, 137.29, 137.80, 145.55, 145.66, 151.15, 153.58, 159.70 (extra peaks
due to fluorine splitting); HRMS Calcd for Cp3H; FNO,: 362.1478 [M + H]+. Found:

362.1552.

2-(4-Methoxyphenyl)-3-(6-methoxypyridin-3-yl)-1-methyl-1H-indole 5{33}. Yield
= 50%; "H NMR (CDCls, 400 MHz) & 3.66 (s, 3H), 3.83 (s, 3H), 3.93 (s, 3H), 6.66-6.68 (dd,
J=28.8, 0.8 Hz, 1H), 6.91-6.93 (m, 2H), 7.16-7.28 (m, 3H), 7.29-7.31 (m, 1H), 7.39-7.41 (d,
J=28.0 Hz, 1H), 7.45-7.47 (dd, J= 8.8, 2.4 Hz, 1H), 7.70-7.72 (d, J = 8.0 Hz, 1H), 8.17 (dd,

J =24, 04 Hz, 1H); °C NMR & 31.05, 53.61, 55.47, 109.82, 110.58, 111.17, 114.29,

S16



119.21, 120.50, 122.37, 123.76, 124.67, 127.10, 132.44, 137.34, 138.10, 140.37, 147.23,

159.77, 162.24; HRMS Calcd for C»H,1N>,O,: 345.1524 [M + H]". Found: 345.1609.

3-Benzo[1,3]dioxol-5-yl-2-(4-methoxyphenyl)-1-methyl-1H-indole 5{34}. Yield =
39%; '"H NMR (CDCls, 400 MHz) & 3.64 (s, 3H), 3.84 (s, 3H), 5.92 (s, 2H), 6.75-6.77 (m,
3H), 6.91-6.93 (d, J = 8.8 Hz, 2H), 7.16-7.24 (m, 4H), 7.27-7.37 (m, 1H), 7.72-7.74 (d, J =
8.0 Hz, 1H); >C NMR & 31.05, 55.46, 100.91, 108.47, 109.68, 110.55, 114.12, 114.64,
119.57, 120.24, 122.16, 123.39, 124.19, 127.26, 129.45, 132.47, 137.25, 137.58, 145.60,

147.56, 159.58; HRMS Calcd for C,3H,0NOj5: 358.1364 [M + H]". Found: 358.1408.

3-Benzo[1,3]dioxol-5-yl-1H-indole-2-carbaldehyde 5{43}. Yield = 9%; 'H NMR
(CDCl3, 400 MHz) 6 6.07 (s, 2H), 6.97-6.98 (d, J = 6.4 Hz, 1H), 7.04-7.09 (m, 2H), 7.18-
7.22 (m, 1H), 7.41-7.48 (m, 2H), 7.79-7.81 (dd, J = 6.4, 0.8 Hz, 1H), 9.14 (broad s, 1H), 9.86
(s, 1H); "C NMR & 101.62, 109.04, 110.77, 112.59, 121.61, 122.45, 124.55, 125.72, 127.01,
127.99, 129.46, 131.91, 137.30, 147.96, 148.37, 182.80; HRMS Calcd for C;cH;2NOj:

266.0738 [M + H]". Found: 266.0845.
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@ 5{49}
(1,2,3-Triphenyl-1H-indol-5-yl)methanol 5{49}. Yield = 60%; 'H NMR (CDCls,
400 MHz) & 4.78 (s, 2H), 7.06-7.39 (m, 18H), 7.77 (s, 1H); °C NMR & 66.47, 111.13,
117.00, 118.68, 122.79, 126.24, 127.43, 127.60, 127.86, 128.09, 128.39, 128.53, 129.30,

130.41, 131.32, 131.60, 133.89, 134.92, 137.76, 137.79, 138.23; HRMS Calcd for

C»7H,NO: 375.1623 [M]". Found: 375.1625.

[3-(2,3-Dihydrobenzo[1,4]dioxin-6-yl)-1,2-diphenyl-1H-indol-5-yljmethanol
5{50}. Yield = 54%; '"H NMR (CDCls, 400 MHz) & 4.24-4.27 (m, 4H), 4.76 (s, 2H), 6.74-
6.80 (m, 2H), 6.941-6.945 (d, J = 1.6 Hz, 1H), 7.07-7.09 (m, 2H), 7.13-7.15 (m, 3H), 7.18-
7.20 (m, 3H), 7.22-7.25 (dd, J = 7.2, 1.6 Hz, 2H) (one extra proton due to overlap with the
CDCl; peak), 7.29-7.30 (m, 2H), 7.33-7.36 (m, 2H), 7.75-7.76 (d, J= 0.8 Hz, 1H); °C NMR
o 64.53, 66.33, 68.15, 108.10, 110.99, 116.36, 117.31, 118.67, 118.90, 122.72, 123.70,
127.32, 127.53, 127.90, 128.06, 128.33, 129.25, 131.25, 131.58, 133.79, 137.47, 137.56,

138.22, 142.14, 143.46; HRMS Calcd for Co0H»4NOj3: 434.1677 [M + H]". Found: 434.1767.
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[3-(4-Methoxyphenylethynyl)-1,2-diphenyl-1H-indol-5-yllmethanol 5{51}. Yield

5{51}

= 64%; '"H NMR (CDCls, 400 MHz) & 3.77 (s, 3H), 4.80 (s, 2H), 6.83-6.85 (m, 2H), 7.18-
7.33 (m, 9H), 7.35-7.38 (m, 2H), 7.42-7.47 (m, 4H), 7.87 (s, 1H); °C NMR & 55.44, 66.06,
82.26, 92.81, 99.18, 108.10, 111.14, 114.06, 116.52, 118.98, 123.39, 127.69, 128.01, 128.03,
128.07, 129.52, 130.20, 130.83, 132.81, 134.41, 137.43, 138.00, 142.75, 159.19; HRMS

Calcd for C30H24NO,: 430.1728 [M + H]". Found: 430.1826.

References
1. Koten, G.; ten Hoedt, R. W.; Noltes, J. G. J. Org. Chem. 1977, 42, 2705.
2. (a) Yue, D.; Larock, R. C. Org. Lett. 2004, 6, 1037. (b) Yue, D.; Yao, T.; Larock, R.
C.J. Org. Chem. 2006, 71, 62.

3. Bowyer, P. K.; Black, D. C.; Craig, D. C. Tetrahedron 2005, 61, 10781.

S19



00000~ ——

0666 —

14889 -
£826°9
00569
SUST'L -

2oL L~
192°L
LE6°L

[IEL—F
0SIEL

9TLPL -
E9Lr L
9I6¥L -
ES6P L
PO8S L~
L109°L -
9619 L
6rE9°L-

!

F

.

NC

N—Me

S20

LI A O

T

T

iﬁ;’ 5160
= suwel

‘ [D4831up

...... .
9.0

TTTTT

12.0

T

T

7.0 6.0 5.0 4.0 30 2.0 1.0 0.0

8.0

10.0

11.0

13.0



WS ¥ AL T

18TLEF —

SII69L.
00§2°LL -, NG

S8FS LL = O

£60C°€6

99£8°66 \ Me,

N—Me

6ZF6EL -

09z LIT ——
TLEQSII
zesoozr
0986°8C1 ——
9rsrasr—;?—-
IPIS'IE] T
£E61°7E1
LSTLHET -

SCETEST —

S21

MLML.J__[.__WWW

TIrETTTTIT e TT
-20

20

TTTTT

T

40

>
A=)

FEETTTTTTITITT TITY
80

TITIfTErT

100

TITTTITTETTIT

T T T
120

140

REna s RN RR SR R R RPN RAY]
160

TR

180

200

(ppm)



00000 —

PPS9E—
$9L8E

£610°L
0190°L—
S10C°L~
SIIT L~
PIZT L
S0£7'L
oL
8#87°L -
6567°L
P69E"L
7I6E L]
6#LyL
pH6Y L

mrnr

OMe

|~ N,Me

2{2}

L.

S22

=

= 8980°¢
= I6EI£ "

.

£
E

L I

T

0.0

T LI B

L0 0

6.0

L e e

R A R T B e B

4.0 3.0 2.0 1.0

5.0

7.0

12.0 11.0 10.0 9.0

13.0

(ppm)



SOI4C VXreuu

EOPITE —

PLESSS
6956'95 ——

9I16'9L
00€C°LL
LPFS Ll —=

£296°601 —
ESPOPIT

PE6LOTI
IESH 1T~
£288°721 -
(82661
6SLbOET
PRIETEN -
LIS LET /-
SIS IFT -

2050091 —

OMe

z N/Me

2(2}

i

S23

TP T  I T T T T I T T T T T T T I e e e

40

ARRSRERRRRRRS)

T TT T T IT T T T I TV T T T T T oT v

120

T

T ETE TN

IS —

160

-20

20

60

100

140

180

200

(ppm)



0000°0—

0£99°6 —

SO§T°L—
9SET°L
S9PT L~
L0ST°L
7997°L
90L°L
§908°L
saszjk
PIFEL -

Y =
Z69°L -
1S98°L -

ST6¥L -
zzIs L
6695°L
$065°L

78944
8L

_

CN

S24

= 0000°¢

/88961

":".\95 £6°0

S\6LPE'T|

\ZIs'l

p48arny

TTTTTT T V7T

TTTTTT

10

T LI B B e
4.0 2.0

“TTTT T

L B I o o o

IS R L B e

LI B B L I R
11.0

12.0

TTTTTTTTY

[TrTTTT

0.0

3.0

5.0

6.0
(ppm)

7.0

8.0

9.0

10.0

13.0



E00P°CE -

006609

SI69L-,
00£Z°LL
PEFSLL—=

L8OT°0I] — _
8ELFTII -

0659811
POTEITI -
1196121
2986°€21
£610E1

STETBEL -
OLSPGET -

i

CN

7 N/Me

2(3}

S25

L]

TTTTT

T T T T TTTTT

T

80

TR

SERNRRREIRSSRRL YRS

T

120

-20

20

40

60

100

160

180

200

(ppm)



00000

0£28°% —

i

HO

2{6}

A &__J _

S26

N
bl
o

I __#”;L_Jut

L I e

T T T VN T

T T

L e II Lo e

T T T

Q:}:
T

..I.
9.

T T T T T

1

| aBanyy -

5.0 4.0 3.0 2.0 1.0 0.0

6.0
(ppm)

szesE S
L E€66°0"

12.0 11.0 10.0 0 8.0

13.0



CSELL8—
FESIGS

Cli69L

00§T°LL

CopSLL

9SECTIT

Z096°0Z 1
19807121
pOS€Cl ~
9928 0€1
ZISTOE!
$656°LET -7

HO

Z4

NH

2{6)

S27

-20

180 160 140 120 100 80 60 40 20

200

(opm)



0000

™M -

[ ™M

u ™M
-~cC0CcC0Cc0CcCcCcCcCcC0CcC0CcCccCcCcCCCCcCcCcCCCCCcCVWYWWOWWOUWYWMM

S28

ppm




58"

65"

otT"
90"
Lz
90
¥
90°
85
sL°
L
6%°
96"

Lz

9

TE —m—m
55 ————
L ——-‘.“\‘
Li =
Li —/—
vy ——
16—
A e
00T ——
60T = _
0Tt —"
‘ozt
1T x
TETT —
GTT = =
TBET e
8zT —
8zt — 7
0fT
ot = .~
et~
PR ———
09T

MeO

MeO

S29

LA

L.

L

ppm

180 160 140 120 100 80 60 40 20

200



000°0

S30

ppm

-?

=2
=]
L]

|



T8 FT —
FTFL —

L8 1€ ——

Me

S31

U

iy

P

APl

ppm

180 160 140 120 100 80 60 40 20

200



000~

€65°

0tTL”
z8e’

610"
yeo”
Se0”
1%0°
L8T"
061"
voe-
Loz’
vece”
Lee:
ose-
SST°
Loz’
oLe”
£ELT”
L8e”
16¢”
44
A4
625"
SES”
9%S"
158S°
969"
669°
STL”
8TL”

~-~-~r~p~p~r~p~rp~r~~pb~p~rpr~~C0CCCCCNCCCCCC M

S32

o

ppm

e

10

1



Z6°

£Z

95"

98
LE®
58"
£8°
L’
wE
10"
¥

867

-y

“85

1°99 —

“89

9¢
TLL

LL

60T

£T1T
611
0ZT
ZEZT

EEZT -

6TT

TET

TLET

- - o

)

OMe

551
(@]
/
A\
=2
=
@ 5{13}
Iﬂh—#l“ d

e e ‘L

S33

ppm

180 160 140 120 100 80 60 40 20

200



000~

EETA

Sy’
66C"
€0€E"
BOE"
Lze”
SLE”’
8LE"
oZy”
yev”
A4
A4
508°
¥¥8-
L¥8”
6v8”’
¥og”
998"’
g9g”’

0 PRSI
E —
N
f

Q“
O
L
L =~
L —~ 7 N/Me
L
L
L
L
L
L
L
L —
L
L
L
L
L
L
L

S34

ppm

|*“1
R
ol

[--]
<
(=]



1T

TEZE

Z6 9L

£L°

SZ°
£0°
6"
59°
ar-
ot”
16"
ag°
8L
SB8°
¥Eo
vE"

08"

zE"

“LL
"LL
“EB

4

26

01T
21T
8TT
0Tt
121
¥ET

LT -

8IT
BIT
0T
T£T
ZET
SET

TLET

T¢T

)

T

7|

{/ _,"
W (f

\\\\\\ \

S35

ppm

20

180 160 140 120 100 80 60

200



ppm

00070 —— : - o

090°
Eee”
SEC’
A4
LvZ”
6ve’
1s¢”
£9¢”
s9¢’
332
99¢”
69¢°
gELE”
sLE”
i8e”
cete’
66¢t"
SEV”
LEY”
8vv-’
5%
Al
S9%°
89% "
¥LS”
LLS”
8BS”
689"
£65°
SL8"
LLB"
gLe”’
168"
£68°
568"
Is2°0

- < 00

E

=
.ﬁ
(=18 28

3

N N G N G S e R R S Sl Sl ol S S

S36



96

86
£ET
6%

gy’

BO"

69°
L6”
8’
(40
LT”
ZL°
(4N
LN
LA
89"
Ly’
(4

L4

“1E

‘9L

‘L{.>

L
f

0B

L6

28T

S37

.

ppm

20

180 160 140 120 100 80 60

200



000"

6E8"
TLO®
116"
[a-a
816"’
816"
LZE”
626"
ZEE "
yee”
860"’
00T~
e0T”
90T"
9LT"
8LT"
T8T"
6T
t6T”
96T
6€Z”

o¥e

gye”
£ge”
Sse”
Lse”
oLe:
a8z’
gote’
BSE”
SLE”
oh 42
(A4
PST°
95%”
65%°
LY
ELY”
€88’
788"
988"’

I i i e Sl et o o i o o Tl ol e ol el ol o ol o e T e A+ BN« BN o e B R e S o

<

S38

ppm

(=]
-
o~
L]
LO'E
= L'T
[Te]
w
880
560
P 4560
19T
Z60
06°0
w ‘B0
[+
(=]
-
%20
-
=



86"

0ns”

(1)

A

FE"
zE"
=10
¥
Lz
TLT
S6°
LT
¥5°
¥a-

RN

85

TeL
ET”
6F LL
[ 4

6

4

08

ST

W

7l

/
{

\

AN

MeO

5{(17}

CHO
== N-Me

S39

ppm

180 160 140 120 100 80 60 40 20

200



000°0 —

918"
590"

ogvy”
S8¥%”
06% "
ZIL”
LTL”
8gL”
CEL”
8ET”
6%C"
(41
yee”
99z’
89¢”
(A}
69¢°
9E¥”
6EY”
0S%°
£S¥°
SS¥°
L9Y%"
69%°
088"
Leg”

£SC 0T

—_—\p—=—

~r-~~CMNMMNMCMCNCCCCCCCNMCNCCCYVOVYOVYOVWOWY ™M

S40

ppm

(=]
-
o~
L]
. ¥19
F <08z
n
©w
860
<Ive
I~
/19'L
g 101
660
ey
o 0t
[=2]
(=]
-
560
-
s



567

f4- N

86"
ET”
(3.
BO”

BO

rE"
oL”
s

L4
1t
£F"
L7
£5°
Ls”
18"

wL"

SS

SL =
LL

LL —

0g

W

L ———

1201 ———

60T ——_
01T ——
TIT—"

12T =

CEET ————=

PET —
LIT
Sl ——

GEL —

08T ——

TZET ———

MeO

MeO

S41

BT

180

ppm

20

140 120 100 80 60

160

200



000~

ELLT
690°

18-
£52°
S9¢-
LozT-
69¢”
182"
€8¢
88¢"
gLE”
S6¢t”
60%"
0t¥%”
657"
19%°
ELY”
SLy”
8LY”
06¥%-”
8es”
4%:h
628"
oeg”’
zeg’
00Z°0

0_....__

+

—“~-~-c-c-~-cC-c-0Lcce0Lc0—c-c0---cC-cCcCCc~cCCcCCc -

CHO

A A

5{19}

S42

ppm

10

11

11
£l
S¢
L0
¥o

FFJN\-



96" 1€
ts‘zt:-\:'_'

867 9L
PTLL
6% LL
6278
55°L8

5L

LT
To’
£E¥°"
zo°
LS
it
T

geT —__

R —
S

BZ
EL
0s

1V

011

91T

ZEZT
LTT
BTT
BET
TET
FET

Wil

S43

ppm

20

180 160 140 120 100 80 60

200



£
=N
=N
00070 =
— -
zZoL'1 _J =<z0'9
1 — ™
R T
vIZ E —— S 42
6t6' g —— — - < 80
=)
Q
HO ? »
19T"L -
— CHO
SLT L SS _Me
9LT L Z°N
8LT L - ©
T6T°L
Z6T°L
82Z°L
SﬁZ'L\ N~
L L —= <50l
S9€°L 80°}
L9E" L <e0'}
6LE"L "
I8E°L
F8E "L
96€° L
86E"L L &
vZL L
BEL L
ovL L
reo
980°0T _— P 20000
b -

S44



0L

68"

£6°
86°
£T°
6%

£r

5"
6%°

T9°
e0’
55
ag”
SE°
Sg°

15°

"T0T

“TE

g5

L ——
9L =
LL —

[

1

OTT ——0
TIT—""

1
gzt

TLET

LEZT

SET
G6ET

C8T

HO

S45

11 1

||H||,

ul

ppm

20

180 160 140 120 100 80 60

200



00070

29z’
sLe”
BLT"
L8Z"
16¢°
66t
(Ah
ETP”
¥S¥°
28%”
L9¥®
69%°

5{21}

CHO

L
/

74 N’H

LY
ELY
vLY
L8V
88v% "’
ST9”
619"
629"
Se9°
1Z6°
(A4
Lee”
8E6°
EEP”
991T°0

.

-~~~

A

S46

ppm

H

-
7
wn

it

0 <66

:

1



96"
EE°L
6%’
61"

88"

Tz
06"
0T
By
¥0°
6E°
EL
o8
56
L8
TE
LT"

6T

08 —

86

0TT ———
Z1T

"zzT
zzT \=
€2T —
8zt
‘8zT
‘8zT ~
‘ez1

TET
g1 —

LET

18T

L

'

5{21}

S47

Do

ppm

180 160 140 120 100 80 60 40 20

200



000°0

¥ZB" €

¥S0°
9gT”
[4: 1
oetZ”’
B6Z"
90¢”
Ak
oLy
LY’
gLy "
18Ss°
198"
LLB"

cLe”

£ECT 0T

5{23}

Il.-x

ppm

S48



5{23)

S49

ppm

180 160 140 120 100 80 60 40 20

200



00070

8TIL'T

99¢"L
6TV L
2% "L
€Ccy L
SV L
6% L
TEY L
9% "L
PO9¥° L
LO9%" L
LLY "L
SESTL
BES'L
0SS L
£SS5° L
059°L
£59° L
L99" L
699°L
bLo" L
LLO"L
69" L
£69°L
veL L
96L" L
ote L
gI8"'L
16T°6
0e0°0T

5{25)

Y

S50

ppm

r‘lﬂ

1

L=
:(q
=11, ]

T

=

[=]
-]
[=]



4
3
3
ﬁ k- 3
& ;
n
e HO CHO -

TZ 18T

S51

ppm

180 160 140 120 100 80 60 40 20

200



0000 —

PLY "
T6L”
918"
1ce”
zeg”
BEB”
191"
9LT”
8LT"
961"
861"
80¢"
€ETC”
gge’
0eeZ”
8y’
sLT”
6LZ"
£E6cC”
962"
662"
T1E”
91"
oce”
(44
ECE”
6CE"
SEE”
£5¢e”
9se”
yoe”
69¢"
vLE"
£8E°
L8’
vee”
S1¥”
Lyl
LOL”

~-~re~~-p~p~~~~~r~r~rp~rrr~rpbrcrrrprrcCCCCCCCCCCVWYWYWWOWMM

S52

BRRREES RERSEEE S

85

ppm

10

1

g

e 4]
"‘W
~ien



v

4O
MM e @ Oy oy

WM

™

-

m
|

2

0g°g

t
u
i

T

B

LT e

S53

-

——

——

ppm

180 160 140 120 100 80 60 40 20

200



000"

0%9°
8£8”
Fog-
o9v8”
698°
168"
116"
LTI6"
826 °
£EE6”
266"’
S66°
800"
£ETO0”
0%0°
S¥0°
651"
(AR
LLT”
6LT”
[4: A
L6T"
661"
£ETC”
B1Z"
TeZ”
vee’
el
Lec
z8c’
s8¢”
g8¢”
zoe’
s0e”
pLE®
vee”
8gL”
9%L”
8¥L”

0

~-~~-c--c-~-r-cc--c-c--c--~-cC--~C~cCC>+~>+~C>*+*-~“C~CCYVVVVVwOVWWOUWWOYM MMM

S54

|8

e

Ppm

€0’
< \p0

iled|en

10

11



o’

9%
%"

i6°
£z’
PE
55"

9L"
bE"
9"
Ls”
oz’
6E"
LS"
LE"
oy’
Lz
86"
18"
¥9°
£0°
L8’
vE"
SF°
6z°
08"
55°
99"
5T°
85°
o’

Tt

55 ———m
95 —

60T
£IT
£TT
ET1
LAR
LIT
LTIT
BTIT —~,
DET =
2T —_
£2T
SZT
521
Lzt
8Z1
A
ZTET ~
LET
LET
ST
SPT
151
£S1T
65T

{

RN

OMe

MeO
4 N/Me
F

5{32}

S55

[

ppm

20

|
100

T
120

T T
180 160

T
200




000°0

199°¢
9eB8 €
veE6" €
19979
€99°9
£89°9
789°9
Z16°9
8169
626°9
A
L9T"
691"
¥8T°
981"
voe”
Loz
(444
A4/
8LT"
18¢°
96¢”
66¢C°
T0€E”
91¢e”
61E”
o6t”
01%”
1s¥%°
LSV
ELY”
6LV
ooL-”
oegL-”
oLT"
LT
9LT”
LLT"

s

tcoowow e~~~

LA

S56

pPpm

o
-
™~
™
~00°€
r gZUE
- < ot
wn
0
/66°0
/€0T
~ e
~€0°L
F0L
<0l
00’}
[--]
=460
-]
(=)
-
-
-



S57

ppm

180 160 140 120 100 80 60 40 20

200



000-

9%9°
|54

oce-
LSL”
6sL”
SLL®
116"
£EE6”
69T"
LZT®
(AN
A4
6%C"
6LT"
TLE”
LeL:
LyL”

O—

g —

€ —

S\

OMe

0
O 7 N-Me

\\
o
W,
5{34)

S58

L,

ppm

10

11



9

08

ool

0zl
1

1)4°
1

091
I

08l
1

0oe
L

55

9%

S59



000°0

™M
O
o O
-

a

—

A
o~~~ WOY

S60

ppm

11



5{43}

o) CHO
7 N/H

08 8T —— —

S61

ppm

180 160 140 120 100 80 60 40 20

200



0000°0-

LO8LF

£690°L

0690°£
0S80°L
0880°L -+
6£01L -
LZIL—
821t

0LpIL
1291°¢ -

8507°L

6EZTL

E6P0°L—

0992°£
9EIEL
826 L4
6LIEL 4
0ssgL-t
seses !
PI6E L -
S64L°L-

i

OH

S62

i -
— g T : Q
- r s
LS
| e
!
--.:—-__/_‘
! LS
i L]
i
t e
| ;
o
| L 'Q-
<) . 00007 - _
! -9
.. QI
b=
1 '-
e FR
) c
e P6E6°0°
| LS
r oo
Lo
:Q
‘e
=]
|
e
S
oo
‘s
-2
Efwﬂ’a.nq :

(ppm)



WO WL YA U

$8Lr99 —

—
9169 g
0057 2L - &
SOFSLL e

\

00EF I~ O

#Z00°LIT -
689811

OH

h=l

S
e
S8

—

T

686081 -/§
806£°871 —
11ES81 -
780671
SIIPOST -
EITEIE] -
6109151

£668°€E1

9926 #E1 -]
799L L5 1
S96LLET |
STET8El

L

S63

,
-20

(ARRNERANAARNRERRREL

20

T T T T T T
60

ERAARAIRRARAREEENLLERERSS L

T T ToTTT

120

140

TTTYTT

T T

LARRL AT RARERALERR RS LA e

40

80

100

160

180

200

(ppm)



100°0

8%Z ¥
1s¢°
T8Z"
€9¢’
L’
vLC”
LOL”
o%L”
SPL”
LSL”
LoL-
68L"
sog”
1840
Sve”
SLO”
6L0°
260"
S60°
Fel”
LET®
SPT”
6%T”
[4-N
LBT
1o0e”
voc”
6¢C’
(A%
9%Z-
ose”
(4T
soe”
60€"

6EE

.

zse”
s5g”
69¢"
65L"
T9L°

~r-~~>CC~CCCMCMCCCMCCACCCCEECCEEO OO YOO WYY S

ppm

b
il
1N
N

s
o
[

OH

=]
-

T
11

S64



£5°
£E”
81"
86"
EC”
1

[Ch
66"
9€”
1€’
L’
05’
’
oL
g
£5°
08"
20
(32
SC°
ST

85°T

6L°
95"
zT”

9%

FLET

e —

88

™ 0
-~

N

-~
-

BOT
01t
1T
LIT
BIT
BIT
ZZT
EEZT

-

LET
LET
8zt
8zt
6T1
TE1
et

€ET

LET
Bl

i
TTRT Y

ert

(\O

Z N

OH

S65

5{50}

]

|

|1 uim 1

ppm

180 160 140 120 100 80 60 40 20

200



000°0

6LL"E
908" ¥
7€8°9

6E8° 9

8%8° 9 =
zG8°9 O L%
98T L

00Z"L MeO

€0Z°L =~ /@
6TZ L Z "N

1€2°L

€ET L Q

6E2°L

152°L

952 L

692" L OH

TLZ L
9TE L
0EE"L
SSE°L
8S€E"L
89€° L
TLE L
S8E°L
€2V L
LTV L
LEV L
99 L
09%° L
Z9%° L
S9¥ L
SLYL
6LV L
SL8"L

S66

A

ppm

10

1



L

S0°

BE"
EE”
6F"
sz

18

BT
ot
LA
50"
(4=
BG"
6L
63"
10°
£0°
L0
[4-0
oz
£8°
18’
"
€%
00"
SL”

61"

55

99

5L
Li
Li

8 —

V

43

66 ———
201
Tt
PIL
911
81T
€2t
LeT
8ZT
BET —.
BET
§2T — 7~
0ET
OET
zetl
¥ET
LET
BET <~
Zr1

17 4

S\

581 ——

MeO

/I

OH

S67

LI 1 !| |

ppm

20

180 160 140 120 100 80 60

200



