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I . General Informations

Analytical methods: Proton nuclear magnetic resonance (‘H NMR) and carbon nuclear
magnetic resonance (*C NMR) spectroscopy were performed on a Bruker Advance 300, 400
and 500 NMR spectrometers. Chemical shifts 'H NMR spectra are reported as in units of
parts per million (ppm) downfield from SiMey (0.0) and relative to the signal of chloroform-d
(J = 7.264, singlet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet);
dd (doublet of doublets); ddd (doublet of doublets of doublets); dddd (doublet of doublets of
doublets of doublets); dt (doublet of triplets); m (multiplets) and etc. The number of protons
(n) for a given resonance is indicated by nH. Coupling constants are reported as a J value in
Hz. Carbon nuclear magnetic resonance spectra (*C NMR) are reported as d in units of parts
per million (ppm) downfield from SiMe, (0.0) and relative to the signal of chloroform-d (J =
77.03, triplet). High resolution mass spectral analysis (HRMS) was performed on Water
XVEO G2 Q-TOF (Waters Corporation). Infrared spectra were recorded on a Nicolet IS50
Fourier transform spectrometer (FT-IR) and are reported in wave numbers (cm ).

Materials: All commercial available reagents were used without further purification unless
otherwise noted. It must be point out that tetrahydrofuran was dried by sodium and distilled
until the diphenylmethanone turned blue. All substituted indoline'”, arylsilanes® were
prepared according to the known methods. In addition, column chromatography was
performed using 200-300 mesh silica gels.



II. Experimental Procedures

1. General procedure for Pd(Il)-catalyzed C-7 arylation of indoline with arylsilanes

To a septum capped 15 mL of dried sealed tube with a magnetic stirring bar were added
1-(indolin-1-yl)-2,2-dimethylpropan-1-one (1a, 0.2 mmol), Pd(OAc), (4.4 mg, 0.02 mmol),
AgF (50 mg, 0.4 mmol), Cu(OTf), (145 mg, 0.4 mmol) and 4 mL fresh distilled THF,
followed by addition of trimethoxy(phenyl)silane (2a, 75 uL, 0.4 mmol) by microsyringe. The
sealed tube was screw capped and heated to 40 °C for 48 h (oil bath). After completed, the
reaction was cooled to room temperature, and then the mixture was diluted with 10 mL water.
The aqueous layer was extracted with ethyl acetate (10 mL x 3). The combined organic layers
were washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue
was purified with silica gel chromatography (petroleum ether/ethyl acetate) to provide pure
product 3ab.

2. General experimental procedure for the transformation of C7-arylated indoline 3ab
to the corresponding indole 5a>°

To a septum capped 15 mL of dried sealed tube with a magnetic stirring bar were added
2,2-dimethyl-1-(7-phenylindolin-1-yl)propan-1-one(3ab, 0.2 mmol), DDQ (0.4 mmol) and
1,4-Dioxane (1 ml). The sealed tube was screw capped and heated to 135 °C for 24 h. After
the reaction completed, the resulting mixture was filtered over a short silica column and
washed by ethyl acetate. The filtrate was evaporated to dryness to the crude intermediate
product. Then, crude intermediate product was dissolved in 2 ml ethanol, and 1 ml saturated
KOH solution was added. And the reaction mixture was allowed to stir for 16 h at 100 °C.
After completed, then the reaction mixture was diluted with ethyl acetate (3 mL) and
neutralized with saturated NH4Cl solution to pH 7. The aqueous layer was extracted with
ethyl acetate (10 mL x 3). The combined organic layers were washed with brine, dried over
Na,S0O,, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (Petroleum ether /EtOAc = 15:1) to afford 5a in 84% yield.
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II1. Spectroscopic Data for Arylated Products.

1-(7-phenylindolin-1-yl)ethanone (3aa)’

L,

)
g

3aa

The product 3aa was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=10:1, Rf = 0.20) to give product as a white solid (43.2 mg, 91 % yield). '"H NMR (400 MHz,
CDCl;) 8 7.41 — 7.28 (m, 4H), 7.26 — 7.19 (m, 1H), 7.16 (td, J= 7.4, 6.7, 1.6 Hz, 2H), 7.13 —
7.05 (m, 1H), 4.21 (t, J = 7.5 Hz, 2H), 2.95 (t, J = 7.5 Hz, 2H), 1.38 (s, 3H). *C NMR (101
MHz, CDCl5) 6 129.3, 129.1, 127.4, 127.2, 125.4, 123.8, 50.6, 29.3, 22.5.

2,2-dimethyl-1-(7-phenylindolin-1-yl)propan-1-one (3ab)

The product 3ab was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 40:1, Rf = 0.35) to give product as a white solid(phenyltriethyloxysilane, 53.1 mg, 95 %
yield. phenyltrimethoxysilane, 51.3 mg, 92 % yield). 'H NMR (400 MHz, CDCl;) § 7.35 —
7.23 (m, 4H), 7.20 — 7.09 (m, 3H), 7.08 — 7.02 (m, 1H), 4.09 (t, J = 7.6 Hz, 2H), 3.02 (t, J =
7.5 Hz, 2H), 1.08 (s, 9H).*C NMR (101 MHz, CDCls) & 177.2, 141.8, 141.4, 134.5, 133.0,
128.5, 128.2, 126.5, 124.9, 123.1, 50.5, 39.7, 31.1, 27.9. IR (KBr disk): 2982, 2965, 2926,
1654, 1353, 1320, 1188, 918, 758, 698, 587 cm™'. HRMS (ESI) calcd for C,oH, NO Na* [M +
Na]" 302.1521, found 302.1520.

N
O)\'[Bu

3ab

N,N-dimethyl-7-phenylindoline-1-carboxamide (3ac)®

The product 3ac was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 3:1, Rf = 0.24) to give product as a white solid (29.3 mg, 55 % yield). '"H NMR (400 MHz,
CDCl;) 6 7.50 — 7.43 (m, 2H), 7.39 (dd, J = 8.5, 6.8 Hz, 2H), 7.29 (tt, J = 6.6, 1.4 Hz, 1H),
7.24 —7.14 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H), 4.01 (t, J = 8.0 Hz, 2H), 3.14 (t, J = 8.0 Hz, 2H),



2.58 (s, 6H). °C NMR (101 MHz, CDCl;) & 159.6, 142.3, 140.3, 133.6, 129.1, 129.0, 128.2,
127.0, 126.7, 123.6, 122.9, 51.8, 36.8, 29.7.

phenyl(7-phenylindolin-1-yl)methanone (3ad)

The product 3ad was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 3:1, Rf = 0.24) to give product as a white solid (55.7 mg, 90 % yield). '"H NMR (400 MHz,
CDCl3) 6 7.10 (m, J=25.6, 18.3, 11.7, 7.4 Hz, 13H), 4.17 (t, J = 7.5 Hz, 2H), 3.03 (t, J=7.6
Hz, 2H). ®°C NMR (101 MHz, CDCl;) & 169.2, 140.4, 135.7, 135.1, 132.0, 130.3, 129.1,
128.5, 127.9, 127.8, 126.7, 126.5, 125.2, 123.6, 52.5, 29.8. IR (KBr disk): 3057, 3032, 2946,
2886, 1661, 1470, 1362, 1331, 1132, 1071, 1022, 873, 761 cm™. HRMS (ESI) calcd for
C,H;;NO Na' [M + Na]" 322.1206 found 322.1203

2,2-dimethyl-1-(4-methyl-7-phenylindolin-1-yl)propan-1-one(3af)

®
g

The product 3af was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=7:1, Rf = 0.33) to give product as a white solid (55.1 mg, 94 % yield). '"H NMR (400 MHz,
CDCl3) 6 7.35 — 7.20 (m, 4H), 7.13 (ddt, J = 8.6, 6.8, 1.5 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H),
6.90 — 6.84 (m, 1H), 4.08 (t, J = 7.5 Hz, 2H), 2.91 (t, J = 7.5 Hz, 2H), 2.19 (s, 3H), 1.07 (s,
9H). *C NMR (101 MHz, CDCl;) & 177.4, 141.5, 141.4, 133.2, 132.5, 130.5, 128.6, 128.2,
126.6, 126.2, 125.9, 50.3, 39.7, 29.8, 28.0, 18.5. IR (KBr disk): 3055, 3026, 2962, 1650, 1483,
1400, 1320, 1158, 1011, 911, 889, 817, 766, 700 cm™. HRMS (ESI) calcd for C,0H,3sNO Na*
[M + Na]"316.1677, found 316.1675.

N
O)\tBu

3af

1-(5-methoxy-7-phenylindolin-1-yl)-2,2-dimethylpropan-1-one(3ag)
T

3ag

N
O)/'\tBu

The product 3ag was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 3:1, Rf = 0.24) to give product as a white solid (57.7 mg, 93 % yield). '"H NMR (400 MHz,
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CDCLy) § 7.35 — 7.23 (m, 4H), 7.19 — 7.11 (m, 1H), 6.71 — 6.66 (m, 2H), 4.08 (t, J = 7.4 Hz,
2H), 3.72 (s, 3H), 2.97 (t, J = 7.4 Hz, 2H), 1.07 (s, 9H). *C NMR (101 MHz, CDCls) § 177.0,
157.5, 141.3, 136.1, 135.2, 133.6, 128.2, 126.6, 126.5, 113.5, 109.3, 55.7, 50.8, 39.6, 31.4,
28.0. IR (KBr disk) 3064, 2963, 1660, 1610, 1465, 1325, 1228, 1163, 1076, 1033, 911, 846,
763, 701, 650. HRMS (ESI) caled for C20H,3NO, Na* [M + Na]* 332.1626, found 332.1623.

1-(5-fluoro-7-phenylindolin-1-yl)-2,2-dimethylpropan-1-one(3ah)

3ah

The product 3ah was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=10:1, Rf = 0.37) to give product as a white solid (41.6 mg, 70 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.34 — 7.22 (m, 4H), 7.18 (dq, J = 6.7, 3.2, 2.6 Hz, 1H), 6.89 — 6.77 (m, 2H), 4.11 (t,
J=17.5Hz, 2H), 2.99 (t, J = 7.5 Hz, 2H), 1.07 (s, 9H). *C NMR (101 MHz, CDCl;) & 177.3,
160.5 (d, J = 242.8 Hz),140.4 (d, J = 1.7 Hz), 137.8 (d, J = 2.2 Hz), 136.5 (d, J = 9.0 Hz),
134.2 (d, J=8.3 Hz), 128.4, 127.0, 126.4, 114.9 (d, J=23.7 Hz), 110.2 (d, J = 23.8 Hz), 50.8,
39.7, 31.3 (d, J = 2.2 Hz), 28.0. IR (KBr disk): 3032, 2965, 1654, 1597, 1460, 1413, 1321,
1187, 1162, 1080, 911, 866, 767, 698 cm™". HRMS (ESI) calcd for C;oH,0FNONa™ [M + Na]”
320.1427, found 320.1424.

1-(5-chloro-7-phenylindolin-1-yl)-2,2-dimethylpropan-1-one(3ai)

Cl I
=

3ai

N
O)'\tBu

The product 3ai was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=20:1, Rf = 0.24) to give product as a white solid (43.8 mg, 70 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.29 (d, J = 4.4 Hz, 4H), 7.22 — 7.16 (m, 1H), 7.14 — 7.07 (m, 2H), 4.11 (t, J=7.6
Hz, 2H), 3.01 (t, J = 7.5 Hz, 2H), 1.07 (s, 9H). *C NMR (101 MHz, CDCl;) § 177.3, 140.6,
140.2, 136.5, 134.1, 130.0, 128.4, 128.4, 127.1, 126.4, 123.2, 50.7, 39.8, 31.0, 27.9. IR (KBr
disk): 3071, 2965, 1655, 1573, 1455, 1404, 1343, 1318, 1181, 1077, 901, 856, 770, 700 cm".
HRMS (ESI) calced for C9H,0CINO Na” [M + Na]"336.1131, found 336.1133.

2,2-dimethyl-1-(2-methyl-7-phenylindolin-1-yl)propan-1-one (3aj)



i/

The product 3aj was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=20:1, Rf = 0.30) to give product as a white solid (53.7 mg, 91 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.39 — 7.34 (m, 2H), 7.27 (dd, J = 8.4, 6.9 Hz, 2H), 7.19 — 7.12 (m, 3H), 7.12 — 7.06
(m, 1H), 4.67 (p, J=6.5 Hz, 1H), 3.32 —3.16 (m, 1H), 2.52 (d, J=14.9 Hz, 1H), 1.35(d, J=
6.4 Hz, 3H), 1.09 (s, 9H). *C NMR (101 MHz, CDCl;) & 177.3, 141.2, 140.9, 134.8, 134.3,
128.2, 128.1, 126.6, 126.5, 125.4, 123.8, 57.0, 40.1, 38.4, 28.5, 20.6. IR (KBr disk): 2958,
1651, 1456, 1349, 1320, 1205, 1176, 993, 752, 695 cm', HRMS (ESI) caled for CoHy;NO
Na' [M + Na] 316.1677, found 316.1675.

N
O)'\tBu

3aj

2,2-dimethyl-1-(3-methyl-7-phenylindolin-1-yl)propan-1-one(3ak)

The product 3ak was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=20:1, Rf = 0.30) to give product as a white solid (56.3 mg, 96 % yield). *H NMR (400 MHz,
CDCl3) 6 7.43 — 7.31 (m, 4H), 7.27 — 7.14 (m, 4H), 4.31 (dd, J = 10.2, 7.6 Hz, 1H), 3.71 (dd,
J =102, 7.2 Hz, 1H), 3.39 (h, J = 7.0 Hz, 1H), 1.32 (d, J = 6.8 Hz, 3H), 1.15 (s, 9H). °C
NMR (101 MHz, CDCl;) 6 177.2, 141.5, 141.4, 139.7, 132.9, 128.7, 128.2, 126.5, 126.5,
125.1, 121.8, 58.2, 39.6, 37.6, 28.0, 18.1. IR (KBr disk): 3064, 2962, 2930, 1653, 1454, 1427,
1347, 1212, 1177, 1010, 960, 798, 755, 698, 611 cm™  HRMS (ESI) caled for CyoH,3NO Na®
[M + Na]"316.1677, found 316.1678.

N
O)\tBu

3ak

2,2-dimethyl-1-(4a-methyl-8-phenyl-2,3,4,4a-tetrahydro-1H-carbazol-9(9aH)-yl)propan-
1-one(3al)

3al

The product 3al was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=30:1, Rf = 0.41) to give product as a white solid (34.7 mg, 50 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.40 — 7.33 (m, 2H), 7.29 — 7.23 (m, 2H), 7.19 — 7.09 (m, 3H), 7.00 (dd, J=6.4,2.3



Hz, 1H), 4.01 (dd, J=10.7, 5.9 Hz, 1H), 2.33 — 2.18 (m, 2H), 1.62 — 1.48 (m, 3H), 1.40 (tdd,
J=13.7,10.7,3.7 Hz, 1H), 1.16 (ddt, J = 14.3, 11.9, 2.7 Hz, 2H), 1.08 (s, 9H), 1.02 (s, 3H).
B3C NMR (101 MHz, CDCl3) 8 177.7, 141.7, 141.4, 141.1, 135.1, 128.1, 128.1, 126.6, 126.5,
125.6, 120.2, 68.9, 46.9, 40.2, 33.2, 29.5, 29.0, 28.6, 23.8, 22.1. IR (KBr disk): 3054, 2923,
2853, 1650, 1450, 1423, 1324, 1168, 1075, 1029, 914, 856, 756, 699, 580 cm™. HRMS (ESI)
caled for C,4H2oNO Na' [M + Na]" 370.2147, found 370.2146.

2,2-dimethyl-1-(2,3,3-trimethyl-7-phenylindolin-1-yl)propan-1-one(3am)

The product 3amwas purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=20:1, Rf = 0.37) to give product as a white solid (20.1 mg, 31 % yield). *"H NMR (400 MHz,
CDCl;) 6 7.40 — 7.34 (m, 2H), 7.27 (dd, J= 8.4, 6.9 Hz, 2H), 7.19 — 7.11 (m, 3H), 7.02 (dd, J
= 6.9, 1.8 Hz, 1H), 4.18 (q, J = 6.5 Hz, 1H), 1.50 (s, 2H), 1.28 (d, J = 4.3 Hz, 4H), 1.26 (s,
1H), 1.08 (d, J = 1.9 Hz, 11H). *C NMR (101 MHz, CDCl;) & 177.6, 143.0, 141.0, 140.3,
134.6, 128.2, 126.7, 126.6, 125.7, 120.8, 100.0, 67.8, 46.2, 40.3, 29.0, 28.7, 20.5, 16.4. IR
(KBr disk): 2964, 1651, 1453, 1425, 1378, 1322, 1200, 1087, 755, 697 cm” . HRMS (ESI)
caled for C,,H,sNO Na' [M + Na]" 344.1990, found 344.1989.

N
O)’\tBu

3am

2,2-dimethyl-1-(7-(p-tolyl)indolin-1-yl)propan-1-one(3bb)

The product 3bb was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=10:1, Rf = 0.30) to give product as a white solid (51.2 mg, 87 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.25 — 7.20 (m, 2H), 7.14 — 7.01 (m, 5H), 4.09 (t, J = 7.5 Hz, 2H), 3.01 (t, J=7.5
Hz, 2H), 2.26 (s, 3H), 1.10 (s, 9H). *C NMR (101 MHz, CDCl3) & 177.2, 141.8, 138.5, 136.1,
134.6, 133.0, 129.0, 128.6, 126.4, 124.9, 122.9, 50.6, 39.7, 31.1, 28.0, 21.2. IR (KBr disk):
2966, 2922, 1662, 1470, 1443, 1395, 1351, 1100, 911, 828, 781, 752, 570 cm™ . HRMS (ESI)
caled for C,0H,3NO Na' [M + Na] 316.1677, found 316.1676.

N
O)'\tBu

3bb

2,2-dimethyl-1-(7-(m-tolyl)indolin-1-yl)propan-1-one(3bc)



3bc

N
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The product 3bc was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=10:1, Rf = 0.30) to give product as a white solid (51.1 mg, 87 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.29 — 7.16 (m, 5H), 7.12 (t, J = 7.4 Hz, 1H), 7.08 — 7.01 (m, 1H), 4.17 (t, J=7.6
Hz, 2H), 3.09 (t, J = 7.5 Hz, 2H), 2.35 (s, 3H), 1.17 (s, 9H). *C NMR (101 MHz, CDCl;) &
177.2, 141.8, 141.3, 137.4, 134.5, 133.0, 128.6, 128.3, 127.3, 127.1, 124.9, 123.6, 123.0, 50.5,
39.7,31.1,27.9, 21.5. IR (KBr disk): 2968, 1654, 1588, 1470, 1396, 1316, 1186, 1100, 1013,
912, 833, 778 cm”. HRMS (ESI) caled for C;H,3NO Na® [M + Na]™ 316.1677, found
316.1675.

2,2-dimethyl-1-(7-(o-tolyl)indolin-1-yl)propan-1-one(3bd)

L,
‘ o)'\tBu

3bd

The product 3bd was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=20:1, Rf = 0.33) to give product as a white solid (35.8 mg, 61 % yield). *"H NMR (400 MHz,
CDCl3) 6 7.29 — 7.07 (m, 7H), 4.12 (td, J = 7.7, 2.9 Hz, 2H), 3.14 (dt, J = 12.4, 7.5 Hz, 2H),
2.29 (s, 3H), 1.09 (s, 9H). *C NMR (101 MHz, CDCl;) & 178.0, 142.6, 140.6, 134.8, 134.2,
132.7, 130.0, 129.1, 128.4, 126.6, 125.4, 124.3, 123.0, 50.6, 39.8, 31.2, 28.0, 19.9. IR (KBr
disk): 2983, 2963, 1658, 1471, 1424, 1364, 1318, 1161, 1097, 915, 763, 726 cm . HRMS
(ESI) calcd for C,0H,3NO Na™ [M + Na]"316.1677, found 316.1678.

1-(7-(4-methoxyphenyl)indolin-1-yl)-2,2-dimethylpropan-1-one(3be)

(o}

N
o)\tBu

~

3be

The product 3be was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 5:1, Rf = 0.30) to give product as a white solid (30 mg, 48 % yield). '"H NMR (400 MHz,
CDCl3) 6 7.37 — 7.31 (m, 2H), 7.20 — 7.09 (m, 3H), 6.93 — 6.86 (m, 2H), 4.17 (t, J = 7.5 Hz,
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2H), 3.81 (s, 3H), 3.08 (t, J = 7.5 Hz, 2H), 1.18 (s, 9H). *C NMR (101 MHz, CDCl3) § 177.2,
158.3, 141.7, 134.6, 134.0, 132.6, 128.5, 127.5, 124.9, 122.7, 113.7, 55.2, 50.6, 39.7, 31.1,

28.1. IR (KBr disk): 2966, 1659, 1612, 1515, 1470, 1246, 1165, 1099, 1033, 912, 835, 782,
754 cm™. HRMS (ESI) caled for C,0H,3NO, Na™ [M + Na]* 332.1626, found 332.1623.

1-(7-(4-fluorophenyl)indolin-1-yl)-2,2-dimethylpropan-1-one(3bf)

F

N
o)\tBu

3bf

The product 3bf was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=7:1, Rf = 0.34) to give product as a white solid (30.4 mg, 51 % yield). '"H NMR (400 MHz,
CDCl;) 6 7.32 — 7.25 (m, 2H), 7.15 — 7.03 (m, 3H), 7.00 — 6.93 (m, 2H), 4.11 (t, J = 7.5 Hz,
2H), 3.03 (t, J = 7.5 Hz, 2H), 1.10 (s, 9H). *C NMR (101 MHz, CDCl3) § 177.33, 161.71 (d,
J=245.0 Hz), 141.87, 137.56 (d, J = 3.4 Hz), 134.73, 132.13, 128.53, 128.14 (d, J = 8.0 Hz),
125.06, 123.31, 115.15 (d, J = 21.3 Hz), 50.64, 39.76, 31.14, 28.04. IR (KBr disk): 3068,
2967, 1653, 1512, 1472, 1349, 1320, 1208, 1162, 916, 849, 775, 755 cm” . HRMS (ESI)
caled for C1oH,0)FNONa" [M + Na]"320.1427, found 320.1423.

1-(7-(4-chlorophenyl)indolin-1-yl)-2,2-dimethylpropan-1-one(3bg)

cl
3bg

N
0)\tBu

The product 3bg was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
=7:1, Rf = 0.34) to give product as a white solid (45.2 mg, 72 % yield). '"H NMR (400 MHz,
CDCly) 6 7.32 (m, 4H), 7.23 — 7.10 (m, 3H), 4.18 (t, J = 7.5 Hz, 2H), 3.10 (t, J = 7.5 Hz, 2H),
1.18 (s, 9H). *C NMR (101 MHz, CDCly) & 177.2, 141.7, 140.0, 134.7, 132.3, 131.8, 128.4,
128.4, 127.8, 125.1, 123.5, 50.6, 39.7, 31.0, 28.0. IR (KBr disk): 2968, 1654, 1470, 1396,
1316, 1186, 1099, 1013, 912, 833, 778 cm . HRMS (ESI) calcd for CioHyCINONa' [M +
Na]"336.1131, found 336.1128.

2,2-dimethyl-1-(7-(thiophen-2-yl)indolin-1-yl)propan-1-one(3bh)

10
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N
SO)/\tBu

3bh

The product 3bh was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate
= 10:1, Rf = 0.23) to give product as a brown solid (12.0 mg, 21 % yield). '"H NMR (400
MHz, CDCl;) 6 7.33 (dd, J=7.6, 1.2 Hz, 1H), 7.24 (dd, J= 5.1, 1.1 Hz, 1H), 7.19 (dd, J=7.3,
1.3 Hz, 1H), 7.16 — 7.08 (m, 2H), 7.03 (dd, J= 5.1, 3.6 Hz, 1H), 4.21 (t,J =7.5 Hz, 2H), 3.09
(t, J = 7.5 Hz, 2H), 1.28 (s, 9H). *C NMR (101 MHz, CDCl3) & 178.1, 142.8, 142.1, 135.0,
128.5, 126.9, 126.4, 125.0, 124.1, 124.0, 123.4, 50.8, 39.8, 31.2, 28.1. IR (KBr disk): 2966,
2927, 1656, 1445, 1396, 1428, 1326, 1183, 1152, 1088, 908, 777, 700 cm . HRMS (ESI)
caled for C;7H;oNOSNa" [M + Na]" 308.1085, found 308.1082.

7-phenyl-1H-indole(5a)°

LY:}

Iz

The product 5a was purified with silica gel chromatography (Petroleum ether /Ethyl Acetate =
20:1, Rf = 0.41) to give product as a colorless oil liquid (32.5 mg, 84 % yield). "H NMR (400
MHz, CDCl;) & 8.33 (s, 1H), 7.67 — 7.58 (m, 3H), 7.48 (dd, J = 8.4, 6.9 Hz, 2H), 7.41 — 7.34
(m, 1H), 7.22 — 7.18 (m, 2H), 7.14 (dd, J = 3.2, 2.5 Hz, 1H), 6.60 (dd, J = 3.2, 2.1 Hz, 1H).
B3C NMR (101 MHz, CDCl3) § 139.2, 133.6, 129.10, 128.2, 127.4, 125.5, 124.3, 121.8, 120.3,
120.0, 103.0.

11



IV. References

1. Park, J.; Mishra, N. K.; Sharma, S.; Han, S.; Shin, Y.; Jeong, T.; Oh, J. S.; Kwak, J. H.;
Jung, Y. H.; Kim, I. S. J. Org. Chem., 2015, 80, 1818-1827.
C. Premi, A. Dixit and N. Jain, Org. Lett., 2015, 17, 2598-2601
3 L.Y. Jiao and M. Oestreich, Eur. J. Org. Chem., 2013, 19, 10845-10848
4 A. S. Manoso, C. Ahn, A. Soheili, C. J. Handy, R. Correia, W. M. Seganish and P.
DeShong, J. Org. Chem., 2004, 69, 8305-8314.
5 S. Pan, T. Wakaki, N. Ryu and T. Shibata, Chem.—Asian J., 2014, 9, 1257-1260
6 Y. Shin, S. Sharma, N. K. Mishra, S. Han, J. Park, H. Oh, J. Ha, H. Yoo, Y. H. Jung and I.
S. Kim, Adv. Synth. Catal., 2015, 357, 594-600
7. Z. Shi, B. Li, X. Wan, J. Cheng, Z. Fang, B. Cao, C. Qin and Y. Wang, Angew. Chem. Int.
Ed., 2007, 46, 5554-5558.
L. Y. Jiao.; P, Smirnow.; M. Oestreich, Org. Lett., 2014, 16, 6020-6023.
D. W. Robbins,; T. A.Boebel,; J. F. Hartwig. J. Am. Chem. Soc., 2010, 132, 4068—4069

o x

12



NMR Spectra

V.

9€8¢’L —

YOE6 T
16v6'Z
%4387
YAX AR
LIETY
LE20°2 1
9160/ |
00L1 7L
vIEL L
ObpL L]
EYSL L]
18GL°Z ]
LELL ]
0821°Z 1
G122 L
G6ET LA
€EVT L]
¥€0g° L
120€°L]
€81/ ]
veze s ]
86€€°/ 1
SLPE L]
909¢ "/ ]
8€9€/ |
608€°L 1
zsge L

—m

3aa

1 (ppm)

Foo'z

Tm.r

9.0

5

9.

10.0

10.

£1 (ppm)

cLesee —
869¢°6C —

6€85°0G —

o6L8ect
v6ev'Gcl /
iR AR AN V
1G8¢LClL
£€990°62) \
,80¢€'6C)

3aa

10

200 190 180 170 160 50 110 130 120 1o 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

210

13



12502
0L20°L

9€0L 'L
1901
9801
L0LL2
geLL’
1821
9951
18512
z6veL
8v9Z°
5892
L0020~
v.82° L\
0S0€'L
£80€'L
60LEL
zs2e L

)ﬁ"—/’}r_‘_’

—

7.0p 6,95

7.05

7.10

7.20 7.15
1 (ppm)

B

7.30

35

7.

7.0

M}MLA‘

Feog

ooz

Foo'z

1o

5

-0.

0.0

5

0.

10.0

£1 (ppm)

LLz6'L2 w
1980°LE

6699°6€ ™

S12S°0S

(zoLgzL
z8L8° Vel /
90y 9ZL
EEVE BT 7
£525°8Z1
vGs6'ZEL \
LOVSEL

260V Ll \
EE6L LYl

LO98LLLL

N
O)\ tBu

3ab

0 -10

10

110 100 90 80 70 60 50 10 30
£1 (ppm)

20

200 190 180 170 160 150 110 130

210

14



€99v'c —

2z00°€ "\
zezoe ]
HEBHE

vwww.m%
¥806°€

£126°9)
Y0169 |
06569 |
SSS0°L
$850°L
LSLOLT
88L0°L ]
6€60°L |
0£60°L ]
SPSLL]
YLOL 'L Y
62LL LY
96L1°L Y
L8 LN
bL6L L]
SY6L°L |
065ZL |
L29TL |
SvLTL
98/Z°L
L162°L
zLezL
eveeL
Sre€L
yIvE L
L6VEL
LYSE'L
S85€E°L

-1.0

5

0.0 0.

90

95 6.

~T

20 7.15| 7.10 7.05 7.00 6.

1 (pprp)

5 7.

7.40 7.35 7.30 7.

£1 (ppm)

5.0

6.

C RN
86+ 050
AN+~

—

9.0

5

9.

10.0

€9G9°'6C
029L°9€ —

L128LS ™

viee'cclh
geclLoect
LELO'9CL V
9000°LCL )
css1L'8cth
8¥S6°8CL \
[AZAVNTAS
wvmo.mm_‘\
908c° 0V L
0L0€ ¢yl

LB€E9'6SGL —

10

0

10

30

10

51

60

70

100 90 80
£1 (ppm)

1o

120

0 110 130

5

200 190 180 170 160 1

210




¥900°¢ \
€52¢0°e N
L¥v0'€

hovr.v/
vmor.vN
Ly8LYv

81669
SOLO'L
PPLOL ]
SLEOL
65S0°L
L¥90°L
8VL0L Y
ozgoL
9/60°L “W
69LL°L |
oLvLL

LIGLL
68SL°L |
€8L1°L
296L°L
evizL

6.95 6.90

7.00

7.05

10

25 7.20 7.15

7.

30

1 (ppm)

W V6’

B P
—

L

3ad

= LLC

T
9.

0.0

5 9.0

10.0

10.

1 (ppm)

618L°6C

€EVeESCS —

oov9o'ect
[ASIXATAR
CSLY'OCL
L8EL'9CL
[ARVAVAAY
6198°LCL
S897'8¢L
6280°6CL
9/82°0€L
€€00°celL
9001°GEL
cEBI'GEL
6S6€° 0V L

9002691 —

3ad

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 10
£1 (ppm)

210

16



GG90'L —

LL8L'e ™

0€68'Z "\
6LL6C
90€6'2

8190V
£080'¥
S660'Y
6v98°9
8998'9
£v88°9
€988'9
£2Z€0°L
1250°L |
9/0L°L

e

£1 (ppm)

y—
©
™

0

0.0

5

6.0

5

9.0

5

9.

0.0

£1 (ppm)

SG0G'8L —

€SV6°LT
8€8.62 7

LG69°6E€ —

[AR TA A

c9G8'GClL
Lzeceoct
S86G'9¢ClL
£L081°8¢ClL V
G29G'8¢ClL
690G°0€lL
L6cscel
666L°cElL
CELV LVL
600G L¥L

8LOELLL —

o)'\tBu

3af

0 -10

10

110 100 90 80 70 60 50 10 30
£1 (ppm)

20

200 190 180 170 160 150 110 130

210

17



v690°L —

29862\
8vL6C ]
£€66°C
S02L°€ 7\
6€90°¥
52807
£6965°8
65899 |
L€69°9 ]
29699 ]
26699 ]
820L°9 ]
ZryL L]
veEQL'L
SL9L°L Y
sosLL ;
€081°L Y
LY8L LA
S8Ve L Y
§zSTL m
0voT'L |
z89z'L |
rAR:TAVA
5982°L
L90E L
L0LE°L
6ELEL
99leL
68LEL
LozeL
60€€’L
osee’L

—

]
|
]
|
|
|
]
]

68819
6¥6.°9
12089
2508°
Nwow.y
81189
velT L
€68CT°L
G/GE°L
SL9€’L
0€Le’L
cLLE L
GS6E°L
VAIR4VA

66EY'L
ovviy'L

1 (ppm)

F00°6|

F00°¢

00°¢
80°¢

L.

1o

5

-0.

0.0

£1 (ppm)

ero.wmw
oLEV'LE

V/LSG6€ ™

G9GL°0S —
LL69°GS

coce’60L —
€9OV'ELL

Lzev ozt
£Vr9 9Tl

ovez'8zL~
TLZ9EEL
69€Z°SEL x
6190°9€ \
€L0E LPL

28SYLSL

90€0°LLE ™

10

0

10

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

18



S690°L —

mmhm.N/
m#mm.NW
ogLo’e

m_,mo.ﬁ/
coL _..ﬁﬂ
o6¢clL'v

8/08°9
V189
68289 ]
LVES'9]
8€58°9 ]
2098'9
SI9L°L1
S691°L 1
€8L1L LN
LY8L LN
€68L°L
mﬁmr.ﬂ
0002 |
Svse'L

6€LZL |
me.ﬁ
ze6T'L |
88U L

ovieL

—

8016'9
€169 /
61€6'9
1,£6°9

8956'9

£8927

€18zL

11821

€262'L

61621

SLSE YN

69268 -
L268°L

296€°L

8Ly L

(VAR VA

3ah

£1 (ppm)

Ferg

Foo'g

Frog

Foe'L
601
18°¢

1o

5

0.0 0.

5

6.0

5

6.

9.0

5

0.0 9.

5

0.

£1 (ppm)

€996°LZ ~
885Z'LE T
€082 LE

9959'6€ 7

€68L°0G —

91900L1L
S86Z°0L1L
YZSLPLL
9/86°FLL
sL8€9ZL
zZoLo' szl
669€°8Z1L
POvLPEL
szzT YEL
L861°9€EL 1
5885°9¢€l
866L°LEL x
PLZ8 LEL
8.8 0V

YSLELLL —

|

L

L

|

180

160 150 110 130 120 110 100 90 80 70 60 50 10 30 10 0 10
£1 (ppm)

170

200 190

210

19



10

10

20

30

10

B

60

70

L - vve6'L2 w
L e £200°LE
€020t @ Feo'e ZLGL'6E ~
§880°L [ o 8¥59°0S —
LLe0 2 o
1€60°L -
§960°L L Fa
. €660°L
SY66'C \ vy -
EELOE 7 07z s ) = Feog =
zzen’e LeLLL Eo .
L9V L 2 e
12Z8L°L g
8¢60°Y \ S98L°L L~z s
w_,_._..vw 9961°L = -—=== 002 H
LOEL'V 6612 I
080Z" <z
S880°L €S2, 2 -
L160°L | 1592°2 LS 6vSL €Tl
LE60°L 96.2'L 188€°9Z )
5960°L | 906¢°2 - L= 68¥0°LZL
£660°L ] SLoe’s I N ev6e'8zL |
SLLLLT Lo 00Z¥'8Z1
8221 L] N rmwo.mmr“
ovoL L | [ ZOLLVEL |
LELL L < 81SP'9EL
LOLL L - S0€Z oVl
: = ¢86 e €LY9 0Vl
1281 LN .
mowr.ﬁ m — wwm.mu,.
9961°L ] \% =
z661L | B
0802~ o) “
Fmrm.ﬁ SYYeLLL —
€LSTL |
€092'L | B
1S9Z'L | Fa
96LT'L | }
9062 "L | e
sLog’L o

100 90 80
£1 (ppm)

1o

120

0 110 130

5

T
190 180 170 160 1

200

210




#980'L
8LveL
11G€L
€205
S6EST
18Lze
zseTe
ggez'e
£v5Z'E
9/5z°€
62.2°€
LSEQ'Y
ZL59'Y
9,99
089
Z00L't
€890°2
€€10°2
04802
91602
66012
102V2
6LELL
£vELL
8seL’L
yeEL’L
szyl'L
8ovL'L
96vLL
£€517L
0L9L°L
€991/ 1
oLsL.
VAW
€6L1°L 1
1281741
L0GZ' L Y
LPGZ LA
8592/
16921
6£.2° L
ee8z 2]
€882,
02622 1
6.7€ L
ozGe'L
155€°L 1
egse’s ]
vooe'L ]
£g9e/ |
0e282 ]

89.€°L

9160°L
6601°L
6lLELL
eveL’L
89vL°L
96V 1"

€eGLL
oLoL’L
€99L°L
OLLL'L
Lose'L
8G9C°L
1692°L
€88C°L
926e’L
LGS€°L
€8G€°L
0€Le’L
89.€°L

3aj

1 (ppm)

10’6
0'€

=gl

=590l

i

20'L

1o

-0.

0.0

5.0

6.

1 (ppm)

6165°0C —
9695°'8C —

8L2V'8E
cooL’ov”

91L€0°LS —

GE08°€ZL
zZov'szl
LSSS9ZL
1429921
evLL'8TL \
9lzz'8TL
SYEEvEL \
zLEBVEL
801601
v20Z L1

98LC°LLL

10

0

200 190 180 170 160 150 10 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

21



ovee L
\9CT L
107, |
veeT L]
29T, |
ELPZ L]
Y052 L 1
A TR
61521
€128 L1
€62€°L 1
8LEE A
ZEeVe LA
LIYE LA
L6TE LA
SLGE L]
509€°L
159¢€°2 ]
989¢°.
L8e L
988¢° .
8L6€ L ]
ev6e L |
896¢°L ]
ovov L |
ZL0v°L 1

060v°L %
6cLy’L

£1 (ppm)

¥00'6
290°¢

oot
00°L

oY
rg6'e

£1 (ppm)

L6LL'8lL —

€9G66°LC —

2609°LE
66€9'6€ 7

olcees —

60€8’Lcl
§180°scl
Lceroch
§6€5°'9C)
80¥c'8cl N
85.9'8Cl
Loeecel Y
LSY9'6EL
o0VE’ LY L
12141341

8GLL'LLL —

0>\tBu

3ak

200

180 170 160 150 110 130 120 110 100 90 80 7 60 50 10 30 20 10 0 10
1 (ppm)

190

210

22



18¥€°L
SLGeeL
199¢€°L
169€°L

N
c))\’(Bu

3al

1 (ppm)

gt

0'€
206
X4
H(o,_‘
e

oz

Foot

H\hm.o

6l
6l

-1.0

5

-0.

0.0

0

6.

5

9.

10.0

5

10.

£1 (ppm)

mmZ.NN /
699/°€2\
612982~
LEE0'6Z
910562
mmmr.mm\
158L°0% [
2598 9F

120689 —

€€81°0¢CL
GE€9G'GCL
0l6¥'9¢L
Levooch
oLri'ect
Lgelr'sclh
2180°Gel
/8S0°LvL
0lev vl
S8LL YL

J

clLeL’ LL) —

c))\’(Bu

3al

10

0

10

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

23



9280’
€.80°L
L29Z'L
€821

168Z L \
Ga6vL

LISL'Y
6ELL'Y
0061 ¥
2857
6€10°L |
G920'L |
LLEOL |
0601 'L |
1821 L |
LStL L
BLYL LT
GTSLL Y
Y9912
YLLL LA
8081 L
Zv8lL L’
8/81'L
ovsz 'L
08522 ]
8692 L |
8€.T°L ]
€262, 1
€96/ |
z6se L]
0z9€g'L
6€9€'L
S9.€'L
€08€'L

6€L0L
§920°L
LLeo’L
182’
3140
6L¥L°L
§2sl7.
¥99L°L
cy8L’L
8/8l°L
ovseL
869C°L
8€.2L
€T6TL
€96€°L
2°65e°L
o0coe’L
§9.€°L
€08¢°L

1 (ppm)

F oo

68°(
W l'g

-1.0

5

-0.

0.0

5.0

6.

9.

10.0

£1 (ppm)

G68E9L
152¢5°0C ~
v199'8¢~\
z.56'827

[FAZA 4
68¥1°9% —

122829 —

2286'66 —

£¥¥80ZL
8989°GZL /
LOPS OZL W
9102'92)
¥881°8Z1

6985 velL 7
1€12°0VL w
LLEO LPL \
YZLO'EPL

L9€9QLLL —

o)/'\ tBu

3am

190 180 170 160 150 10 130 120 110 100 90 80 70 60 5 10 30 20 10 0 10
£1 (ppm)

200

210

24



§G60°} —

croT’e —

viee'c
No_,oAmW
682¢0°c

Sv.0v \
€€60'Y N
[442%4

8520°/ 1
Zvb0°L
9290/ |
0920°2
8/80°/
€160°21
¥G60°L

3bb

1 (ppm)

-——== F€07¢

=== YOS
= “66°L

1o

5

0.0 0.

5

0.

0

6.

5

6.

9.

10.0

5

10.

£1 (ppm)

1651127
1866°.2—
lzzerie”
0S0.4'6€

L185°05 —

9889'ZZ1
09L6'vZl
LSve ozl
99582
Zve6'8ZL
6896°ZEL w
¥595 vEL \
¥€20°9€1
99e6°8€1
6218 Lyl

G661°LLL —

3bb

10

0

10

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

25



€991L°L —

€2se’c ™

€LL0'E \
NO@O.MW
o60lL°€

mom_,.v/
vmmr.vﬂ
€88L'V

€LY0°L
LZY0L
96507 |
6001°L |
PELL L
BLEL L
SLLL LA
5981
mmwﬁﬁ
LY6LL

mmrw.ﬂ
6vLeL

zseT L]
oLvzL |
L6ST L]

verzL’

Q
e}
[y

1 (ppm)

==

Hoe

Foo'g

FeeL

Fooz

66°0-
M_‘O._‘

L6V

1o

5

-0.

5.0

6.

9.0

5

9.

10.0

£1 (ppm)

zees e’
GL06'22—
Lozrie”
96.9'6€ ~

ZvyS0SG —

Lvioect
0865°€ct
vecl8'vel
L180°Lc)
8..c'/cC)
€oce'sct
ceLs’8eh
L,.G6°¢cEL
G6ESVEL
8¥6e LEL
veve Lyl
1OLL YL

8V¥e€C LLL —

3bc

WO o i

y

L

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 10
£1 (ppm)

210

26



LGS0 L —

59522
€v20°€
z260°e
zsoL'e
80LL'€
LE2LE
5Er6 %
8580
0£60%
0S0L ¥
SLLLP
1810717
1280°L |
2880°L |
6£60°L 1
SLOL'L 1
6E0L°L Y
pLLL LA
S0€L 2N
verl L]
eLvL L]
09612 ]
05912 1
€691, |
S¥61°L ]
086171
6002°L
Lz
L6121 ]
Nm&i
86522

7.05  7.00 6.95

7.10

£1 (ppm)

¥80'6

T00°¢g

Fvog

Feog

For4

0.0 0.7

0.5

0

0

6.

6.

9.0

5

9.

10.0

10.

1 (ppm)

1616617
851082 ~
Logz'Le
6.6L6E~

019505 —

16€0°€ZL
6082121
659€°5Z1
9265°921
vpsegzi
29206217
20L0°0EL
ePLLZEL
8TYT el
ZLLLYEL
9L 0vL
LELOTYL

8G2¢0'8LL —

N
O)\ tBu

3bd

10

0

10

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

27



oL8lL’'L —

2590°€
8E80°€
gzoL'e

€L08'€\
sevLy

IR
oogL v’
18/8'9
8588'9 |
01689
2206'9 |
910691
L5169
¥860°L 1
L9112 Y
6VEL L Y
€LGLL Y
6ESL LA
0951 L
G851 L7
68912
62L1 L]
IV
zL61°L
TLLE L
Lvee L
00€€'L ]
eives]
soves ]
ovses’

3be

£1 (ppm)

006

1o

5

-0,

0.0

6.0

5

9.5

10.0

£1 (ppm)

991082 —
coLLLe”
8521°6€ ~

61,505~
GE€G1L'GG —

cooLelLl /
wilceclh

LLE6'vCL /
oLes’ et %
09s¥'8¢l ~
ovv¥ocel -
clLeovel N

om_m.vm_‘\
LWyl L

18¥2'8G1 —

voLeLLL —

CL,
5 -

2N

3be

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 10
£1 (ppm)

210

28



2860°L |
soLo'e
£620°¢
zsvo'e i
8180
1901y L
sszlLy
¥SE6'9 g
0£v6'9
£816'9
9/56'9
9656'9
6¥96'9
€069
¥2.6'9
G186'9
6986'9
¥¥66°9
v10°L
¥150°L
S090°L
$9.0°
21802
25602 1
8L0L°L 1

-1.0

5

0.0 0.

5

0.

Lk S1p0'8Z
L6'8 8LpLLE
809.°6€ ~

A
T
L5

b 62905 —

= Lo~

£1 (ppm)

-—= F00'¢
2.¥0'GLL
€6G2'GLL
o 890¢€'¢€CL
€811/ 8¥90°'G¢Cl
8021/ 1 o €.60'8¢C1L
[l AR go/l1'8¢lL
GOZL L1 e olLeg'8clL
68217/ 1 i ogerzelL
oveEL L < mwmm.vmr\

£1 (ppm)

e

! 5
-

69€L /1 78671 = [4si2WAN"
[AWE —= k52" 108S°LEL
»Ni.iﬁ = fo6'l] - 9z.8'LyL
ZShL L h 168¥°091
[T B Sve6'29l
16522 ]

]
Q

] .

SYoT L \% - Y9Ze LLL —

9zLT' L 4 B

G621 o ™

mmR.L

018z’

2682°L

S¥6Z' L

1Z0g'L

9.0

9.5

F

10.0

|
] L
]

5

10.

10

0

10

20

30

10

60

70

190 180 170 160 150 10 130 120 110 100 90 80
£1 (ppm)

200

210




GG —

12208
8560°€
SPLLE
blob vy
661y}
8861t
TPl
5621 L1
£EEL L]
ZStL L
18712
8LGL L1
8v9L L |
SLLL LA
8z81 L]
8861°L
05022
) &i
eVLT L
L21T°L]
902Z'L 1
zezz' L]
¥S62° L]
mmmmi
1S0E"L |
98LeL
v8ze'L
zeeeL
L6ee’L
LWEL

4434
gecl’L
€ecl’L
[4c14A
L8Vl L
8LGL'L~
8v9l°L
wmor.N\
0G0¢’L
cLieL
[A4XAVA
YNAXAVA
90¢e’L
981€°L
¥8¢e’L

J——

o\
9

1 (ppm)

Cl

3bg

—==

Fe6's

Fe6t

Foo'z

ﬁO.N
6°0)

5

0.0 0.

5

0.

9.0

9.5

T
10.0

5

1.5 110 10

0

£1 (ppm)

¥196'22—
ogcote’
£1/9°6E~

7865705 —

6cevect
05.0°G¢l
6618°LcCL
,99€°8¢1 W
0gey'8ct
6/8L°L€L
898¢¢cel \
96LLYEL
Lcl6'6€1L
2969l YL

G6ECLLL —

Cl

3bg

A

10

0

10

200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30
£1 (ppm)

210

30



00Le' L —

£190°E \
9080°¢€ W
c660°E

6ELL Y\
9z6L'v }
LY

0S00°Z
8EL0°L |
LLLO'L T
£920°L
L¥80°L
SEOL'L ]
6LZL°L
YrEL L
S0ELL
eeeLLN

05002
8€L0'L

IV

LL10°L
1920
geoL’L
6LclL’L /
vvelLL
S0€L’L
€eelL’L
LE9L'L
8991°L
PA X AVA
98leL
§8¢c’L
viee L
8¥0¢'L
6.0€L
ovee'L
0lce L

1 (ppm)

i

~60°6

F00'¢

SBoFS

Qa0 ®Q
SO rr

Lo

5

0.0 0.

5

0.

9.0

5

10.0 9.

5

10.

1.0

£1 (ppm)

€280°8C M
0€9LLE

0828°6€ ™

CLLLOS

Om_‘v.mN_‘
MBrO.VN_‘ W
cevivel

ov0oL'8LL —

10

30 20 10

10

80

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210

31



LL6S'9
£965°9

16659

£¥09'9

LEELL

86€L°L

SLvl'L

8LyLL

8L L

1681

G961°L

Lv0Z' L

MLZL]
6ESE°L |
LLSEL T
¥09€°L |
€0LE L]
GG/EL
908€L |
L06E L
AR
vL6€ L
€LovL ]
zsov'L
VLY L
608¥°L
Y6y L
G661L
ZI6G°L
¥965°L
Z66G°L
1209°L
8€09°L
cLI9L
€919°L
L029'L
6929°L
8829°L
Zveo’L
6S€9°L
LIv9L
9ev9L
v€59°L

J
]
]

ayee's

—

7 "ZT

5a

L0

60'|
MFF.N
7611
1€2g

0€°g
Foor

(ppm)

SLL6°COL —

7 "ZT

5a

0 -10

10

10 100 90 80 70 60 50 10 30
1 (ppm)

20

180 170 160 150 110 130

90

00

10

32



