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Experimental section:

General: All reactions involving air- or moisture-sensitive reagents or intermediates were carried
out in oven-dried glassware under an argon atmosphere. THF and diethylether (Et.O) were freshly
distilled from Sodium under argon. Dichloromethane (CH2Clz) was freshly distilled from
phosphorus(V)oxide (P20s).Triethylamine (EtsN) was distilled from CaH; and stored under argon.
Commercial grade xylene, benzene and toluene were distilled before use. All other solvents and
reagents were purified according to standard procedures or were used as received from Aldrich,
Acros, Merck and Spectrochem. *H, 3C NMR spectroscopy: Varian Mercury plus 400 MHz (at
298 K). Chemical shifts, & (in ppm), are reported relative to TMS §(*H)0.0 ppm, 8(*3C)0.0 ppm)
which was used as the inner reference. Otherwise the solvents residual proton resonance and
carbon resonance (CHCIs, §(*H) 7.26 ppm, 5(*3C) 77.0 ppm; CD30D, (*H) 3.31 ppm, §(*3C) 49.0
ppm) were used for calibration. Column chromatography: Merck or Spectrochem silica gel 60-120
under gravity. IR: spectra were spectra were recorded on Perkin Elmer Instrument at normal
temperature making KBr pellet grinding the sample with KBr (IR Grade). MS (ESI-HRMS): Mass
spectra were recorded on a Agilent Accurate-Mass Q-TOF LC/MS 6520, and peaks are given in
m/z (% of basis peak). X—ray crystallographic data were collected using a Bruker SMART
APEX-II CCD diffractometer, equipped with a fine focus 1.75 kW sealed tube Mo—K « radiation
(1=0.71073 A) at 296(2) K, with increasing w (width of 0.3° per frame) at a scan speed of 3
s/frame. Structures were solved by direct methods using SHELXS-97 and refined with full matrix
least squares on F? using SHELXL—-97. Using Olex2, structure was solved with the Super flip

structure solution program using Charge Flipping and refined with the olex2.refine refinement



package using Gauss—Newton minimization.

anisotropically.

Crystal Structures:

All the non-hydrogen atoms were refined

Crystal data and structure refinement for 4g (CCDC 1868392).
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Crystal data and structure refinement for 4g

Empirical formula
Formula weight
Crystal habit, colour
Crystal size, mm?®
Temperature, T
Wavelength, A(A)
Crystal system
Space group

Unit cell dimensions

Volume, V(A3)

Z

Calculated density, Mg-m=
Absorption coefficient, p(mm)

F(000)

C29 H23 N O3
433.48
needle / colorless
0.24*0.17* 0.15
293(2) K
0.71073
monoclinic
"P21/n’
a=15.1652(8)A
b= 15.1364(13)A
¢ =19.9955(13)A
o =90.00°, y=90.00 °, p = 106.480(6)°
4401.3(5)
8

1.308
0.085

1824




@range for data collection 3.00 ° to 25.00°

Limiting indices -18<h< 18,-16<k<18,-23<1<23
Reflection collected / unique 16211 /3089 [R(int) = 0.1058]
Completeness to & 98.7% (6= 25.00°)

Max. and min. transmission

Refinement method 'SHELXL-97 (Sheldrick, 1997)'
Data / restraints / parameters 7645 /0/597

Goodness—of—fit on F2 0.885

Final R indices [I1>2sigma(l)] R1 =0.0840, wR2 = 0.1888

R indices (all data) R1=0.3467, wR2 = 0.2036
Largest diff. peak and hole 0.574 and -0.650 A3

1-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)naphthalen-2-ol  (3): According to

general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
O N, tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 2- naphthol (0.25 mmol,
OH 1.0 equiv, 36 mg) were reacted for 48h. Then the reaction mixture was dissolved
O‘ in methanol and the solid product was precipitated from reaction mixture. The
solid was filtered and washed with (3x5 mL) methanol to obtain the desired product 3 (70 mg) as
light brown solid. Next, mother liquor was evaporated under reduced pressure and residue was
purified by SiO> column chromatography (Ethyl acetate: hexane; 1:20) to give an additional
amount (20 mg) of the product. The combined yield is 90 mg (82%). FTIR (KBr): v = 3056, 3033,
2838, 1619, 1462, 1448, 1268, 1227, 811, 741, 531 cm™. H NMR (400 MHz, CDCl3) 6 = 11.77
(s,1H),8.37(d, J=8.4 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.83 - 7.79 (m, 3H), 7.7 — 7.65 (m, 2H),
7.63-7.61 (m, 1H), 7.42 — 7.38 (m, 1H), 7.38 — 7.33 (m, 3H), 7.27 — 7.20 (m, 2H), 7.1 — 7.03 (m,
2H), 6.94 — 6.90 (m, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.65 (s, 1H), 4.98 (s, 1H), 3.13 — 3.02 (m, 1H),
2.64 — 2.51 (m, 2H), 2.48 — 2.44 (m,1H). 3C NMR (151 MHz, CDCl3) = 155.8, 144.0, 142.1,
141.4,141.2,136.6, 134.4, 134.3, 130.3, 129.5, 129.0, 128.7, 128.66, 128.56, 128.2, 127.9, 127.7,
127.1, 126.8, 126.6, 126.4, 125.9, 123.0, 121.5, 120.5, 120.1, 119.6, 118.0, 65.2, 60.7, 43.2, 29.9
ppm. HRMS (ESI) exact mass calculated for C32H26NsO*([M+H]"): 440.2009, found: 440.2001.



1-(2-benzyl-1,2,3,4-tetrahydroisoquinolin-1-yl)naphthalen-2-ol (3a) and 1-((3,4-
dihydroisoquinolin-2(1H)-yl)(phenyl)methyl)naphthalen-2-ol : According to general procedure

I, benzaldehyde (0.24 mmol, 1.2 equiv,

O N\Q ©i>’“ O 25 uL ), 1,2,3,4-tetrahydroisoquinoline
OH OH (0.6 mmol, 3 equiv, 76 plL) and 2-

OO 3a OO Betti-product naphthol (0.20 mmol, 1 equiv, 29 mg),
in neat condition were reacted for 48h. After completion of the reaction, the reaction mixture was
dissolved in methanol and solution mixture was evaporated under reduce pressure and residue was
purified by SiO> column chromatography (ethyl acetate: hexane; 1:50) to obtain the oxazine
corresponding to Betti product as light yellow solid (26 mg, 36%) and with (ethyl acetate: hexane;
1:40) to obtain an inseparable mixture of corresponding Betti and a-arylated product as yellow
gum with 2:1 regioisomeric ratio (17 mg, 23%). Characteristic NMR-signals of 3a and Betti
product: *H NMR (400 MHz, CDCls) § = 13.27 (s, 2H) (Betti product), 11.75 (s, 1H) (3a), 5.54
(s, 1H) (3a), 5.22 (s, 2H) (Betti product), 4.05 (d, J =13.2 Hz, 1H) (3a), 3.21 (d, J = 13.2 Hz,

1H) (3a). HRMS (ESI) exact mass calculated for CzsH24NO*™ ([M+H]"): 366.1852, found
366.1851.

1-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-7-methoxynaphthalen-2-ol (4a):
O N\F,lb\ccording to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54
HyCO OH mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 7-
OO methoxy 2- naphthol (0.25 mmol, 1.0 equiv, 43.5 mg), in neat condition were
reacted for 48 h. Then the reaction mixture was dissolved in methanol and the solid product was
precipitated from reaction mixture. The solid was filtered and washed with (3x5 mL) methanol to
obtain the desired product 4a (65 mg) as light brown solid. Next, mother liquor was evaporated
under reduced pressure and residue was purified by column SiO, chromatography (Ethyl acetate:
hexane; 1:20) to give an additional amount (23 mg) of the product. The combined yield is 88 mg
(75%). FTIR (KBr): & = 3412, 3023, 2962, 2809, 1446, 1262, 742 cm™. *H NMR (600 MHz,
CDCl3) 6 =11.67 (s, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 7.2 Hz, 1H), 7.75 (d, J = 8.4 Hz,
1H), 7.71 (d, J = 9.0 Hz, 1H), 7.67 — 7.66 (m, 2H), 7.62 (d, J = 7.2 Hz, 1H), 7.39 — 7.34 (m, 3H),
7.23 —7.21 (m, 1H), 7.11 — 7.05 (m, 4H), 6.97 — 6.94 (m,1H), 6.87 — 6.85 (m, 1H), 6.57 (s, 1H),
5.00 (s, 1H), 4.05 (s, 3H), 3.09 — 3.00 (m, 1H), 2.64 — 2.61 (m, 1H), 2.57 — 2.43(m, 2H). °C NMR
(151 MHz, CDCl3) 6 = 159.5, 156.4, 144.0, 142.1, 141.5, 141.1, 136.7, 135.6, 134.3, 131.0, 130.1,
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128.7,128.67,128.61,128.3,127.8, 126.9, 126.8, 126.6, 126.3, 125.9, 124.4, 120.64, 119.6, 117.6,
117.3, 115.1, 100.9, 65.2, 60.9, 55.6, 43.2, 29.9 ppm. HRMS (ESI) exact mass calculated for
CasH2sNO2" ([M+H]"): 470.2115, found 470.2118.

1-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-7-bromonaphthalen-2-ol (4b):
O ! According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54
“FI

oH mQ), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 7-bromo
OO 2- naphthol (0.25 mmol, 1.0 equiv, 56 mg), in neat condition were reacted for 48

h. Then the reaction mixture was dissolved in methanol and the solid product was precipitated

Br.

from reaction mixture. The solid was filtered and washed with (3x5 mL) methanol to obtain the
desired product 4b (74 mg) as light brownish solid. Next, mother liquor was evaporated under
reduced pressure and residue was purified by SiO2 column chromatography (Ethyl acetate: hexane;
1:20) to give an additional amount (27 mg) of the product. The combined yield is (78%, 101 mg).
FTIR (KBr): © = 3431, 2842, 1589, 1449, 1260, 925, 742 cm™. *H NMR (600 MHz, CDCl3) § =
11.88 (s, 1H), 8.52 (s, 1H), 7.78 — 7.71 (m, 4H), 7.65 — 7.60 (m, 2H), 7.48 — 7.47 (m, 1H), 7.38 —
7.30 (m, 4H), 7.23 - 7.20 (m, 1H), 7.10 — 7.05 (m, 2H), 6.97 — 6.94 (m, 1H), 6.77 — 6.75 (m, 1H),
6.51 (s, 1H), 4.92 (s, 1H), 3.10 — 3.00 (m, 1H), 2.67 —2.59 (M, 1H), 2.54 — 2.50 (m, 2H). °C NMR
(151 MHz, CDClz) 6 = 156.7, 143.7, 142.0, 141.2, 141.1, 136.1, 135.6, 134.3, 131.0, 130.3, 128.8,
128.76,128.7,128.2,127.8,127.34,127.29, 127.0, 126.7, 126.4, 126.3, 125.8, 123.9, 122.3, 120.6,
119.7, 117.4, 65.2, 60.7, 43.2, 29.8 ppm. (Total count of *3C is less than expected due to the
merging of signals in the aromatic region). HRMS (ESI) exact mass calculated for Cs2HzsBrN*
(IM+H]*): 518.1114, found, 518.1120.

1-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-6-bromonaphthalen-2-ol (4c):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 6- bromo 2- naphthol (0.25 mmol, 1.0
equiv, 56 mg) were reacted for 48 h. Then, the reaction mixture was dissolved in methanol and the
solid product was precipitated from reaction mixture. The solid was filtered and washed with (3x5

mL) methanol to obtain the desired product 4c (68 mg) as light brown solid. Next, mother liquor



was evaporated under reduced pressure and residue was purified by SiO, column chromatography
(Ethyl acetate: hexane; 1:20) to give an additional amount (29 mg) of the
O N-r product. The combined yield is 97 mg (75%). FTIR (KBr): & = 3057, 2842,
O‘ OH 1612, 1589, 1507, 1448, 1260, 925, 742 cm™. *H NMR (400 MHz, CDCl5)
Br 5=11.87 (s, 1H), 8.26 — 8.23 (m,1H), 8.01 (s, 1H), 7.83 — 7.81 (m,1H), 7.79
—7.70 (m, 4H), 7.67 — 7.68 (m, 1H), 7.42 — 7.35 (m, 3H), 7.30 — 7.28 (m, 1H), 7.23 — 7.21 (m,1H),
7.12 - 7.05 (m, 2H), 6.96 — 6.92 (m, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.59 (s, 1H), 4.97 (s, 1H), 3.11
—3.02 (m, 1H), 2.63 - 2.61 (m, 1H), 2.56 — 2.49 (m, 2H). 3C NMR (101 MHz, CDCls3) § = 156.1,
143.7,142.0,141.2,141.1, 136.1, 134.3, 132.9, 131.3, 130.8, 130.2, 129.4, 128.83, 128.77, 128.7,
128.3, 127.7, 127.2, 127.0, 126.6, 126.2, 125.9, 123.3, 121.3, 120.7, 119.7, 118.3, 116.5, 65.2,
60.7, 43.2, 29.9 ppm. HRMS (ESI) exact mass calculated for C32H2sBrNs™ ([M+H]"): 518.1114,
found, 518.1107.

2-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)naphthalen-1-ol (4d): According to
general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 1- naphthol (0.25 mmol,
1.0 equiv, 36 mg) were reacted for 48 h. Then, the reaction mixture was dissolved
in methanol and the solid product was precipitated from reaction mixture. The solid

was filtered and washed with (3x5 mL) methanol to obtain the desired product 4d
(48 mg) as light brown solid. Next, mother liquor was evaporated under reduced pressure and
residue was purified by SiO> column chromatography (Ethyl acetate: hexane; 1:20) to give an
additional amount (12 mg) of the product. The combined yield is 60 mg (55%). FTIR (KBr): v =
3956, 2838, 1619, 1462, 1448, 1258, 811, 741 cm™. 'H NMR (600 MHz, CDCl3) § = 11.32 (s,
1H), 8.31 -8.30 (m, 1H), 7.81 (d, J = 7.2 Hz, 3H), 7.72 (d, J = 7.2 Hz, 1H), 7.68 — 7.65 (m, 2H),
7.51(d, J =7.8 Hz, 1H), 7.47 — 7.43 (m, 2H), 7.40 — 7.34 (m, 3H), 7.29 — 7.27 (m, 1H), 7.10 —
7.04 (m, 2H), 7.00 — 7.04 (m, 1H), 6.96 — 6.95 (m, 1H), 5.90 (s, 1H), 5.15 (s, 1H), 3.10 — 3.04 (m,
1H), 2.61 — 2.59 (m, 1H), 2.51 — 2.44 (m, 2H).1*.C NMR (151 MHz, CDCls) & = 152.8, 144.0,
142.1, 142.0, 141.2, 136.8, 134.5, 134.2, 128.6, 128.3, 127.6, 127.5, 126.7, 126.5, 126.4, 125.9,
125.8,125.3,125.1,122.6, 122.7,120.7, 120.5, 119.7, 119.7, 119.6, 119.1, 119.0, 67.3, 65.2, 42.9,
30.0 ppm. HRMS (ESI) exact mass calculated for CsHsNO* ([M+H]"): 440.2009, found,
440.2020.



3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)benzene-1,2-diol (4e):

According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pulL) and pyro-catechol (0.25
mmol, 1.0 equiv, 27.5 mg) were reacted for 36 h. After completion of the

reaction, the reaction mixture was dissolved in methanol and solution mixture

was evaporated under reduce pressure and residue was purified by SiO2 column
chromatography (Ethyl acetate: hexane; 1:10) to obtain 4e as brown solid 56 mg (53%). FTIR
(KBr): © = 3501, 2923, 1602, 1479, 1450, 1259, 1180, 745, 737 cm™. 'H NMR (600 MHz, CDCls)
6 =10.85 (s, 1H), 7.74 — 7.72 (m, 2H), 7.68 — 7.67 (m, 2H), 7.41 — 7.38 (m, 2H), 7.36 — 7.33 (m,
1H), 7.29 — 7.24 (m, 1H), 7.13 - 7.11 (m, 2H), 7.08 (d, J = 7.2 Hz, 1H), 7.06 — 7.04 (m, 1H), 6.99
(d, J =7.8 Hz, 1H), 6.96 — 6.94 (m, 1H), 6.92 — 6.89 (m, 1H), 5.75 (s, 1H), 5.60 (s, 1H), 5.09 (s,
1H), 3.01 — 2.95 (m, 1H), 2.59 — 2.56 (M, 1H), 2.43 — 2.41 (m, 2H). *C NMR (151 MHz, CDCl3)
0 =145.8, 143.8, 143.4, 142.0, 141.8, 141.3, 136.0, 134.1, 128.83, 128.77, 128.6, 128.2, 127.1,
126.9, 126.7, 126.5, 125.5, 122.0, 120.6, 120.2, 119.8, 115.1, 66.9, 65.1, 42.7, 29.9 ppm. (Total
count of 13C is less than expected due to the merging of signals in the aromatic region). HRMS
(ESI) exact mass calculated for C24H2sNs* ([M+H]"): 406.1802, found: 406.1803.

2-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-4,5-dimethoxyphenol (41):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54
mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 3,4
dimethoxy phenol (0.25 mmol, 1.0 equiv, 38 mg) were reacted for 24h. After

o completion of the reaction, the reaction mixture was dissolved in methanol and

o

~ | solution mixture was evaporated under reduce pressure and residue was purified
by SiO2 column chromatography (Ethyl acetate: hexane; 1:10) to obtain 4f as brown solid 82 mg
(73%). FTIR (KBr): © = 2922, 2845, 1504, 1449, 1191, 1113, 740 cm™. 'H NMR (600 MHz,
CDClI3) 6 = 10.07 (s, 1H), 7.76 — 7.74 (s, 3H), 7.69 — 7.65 (m, 1H), 7.42 — 7.31 (m, 3H), 7.29 —
7.24 (m, 1H), 7.13 — 7.05 (m, 3H), 7.03 (s, 1H), 6.98 (s, 1H), 6.54 (s, 1H), 5.64 (s, 1H), 5.18 (s,
1H), 3.96 (s, 3H), 3.84 (s, 3H), 3.01 — 2.91 (m, 1H), 2.58 — 2.52 (m, 1H), 2.48 — 2.35 (m, 2H). °C
NMR (151 MHz, CDCl3) 6 =151.2, 150.4, 144.1, 142.3, 142.2, 142.0, 141.1, 136.7, 134.2, 128.7,
128.64,128.62, 128.2, 128.0, 127.0, 126.8, 126.4, 126.3, 125.7, 120.6, 119.7, 117.2, 115.0, 102.4,
67.0, 65.0, 57.5, 56.0, 43.0, 29.9.ppm. HRMS (ESI) exact mass calculated for C3oH2sNO3z*
([M+H]"): 450.2064, found, 450.2062.



6-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)benzo[d][1,3]dioxol-5-ol (49):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54
mQ), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and sesamol
(0.25 mmol, 1.0 equiv, 34.5 mg) were reacted for 18 h. After completion of the

reaction, the reaction mixture was dissolved in methanol and solution mixture

was evaporated under reduce pressure and residue was purified by SiO2 column
chromatography (Ethyl acetate: hexane: 1:10) to obtain 4g as brown solid 73 mg (67%). FTIR
(KBr): v = 2890, 2830, 1479, 1450, 1181, 1033, 743 cm™. *H NMR (600 MHz, CDCl3) = 10.30
(s, 1H), 7.73 — 7.70 (m, 3H), 7.67 (d, J = 7.2 Hz, 1H), 7.40 — 7.38 (m, 2H), 7.36 — 7.33 (m, 1H),
7.27—-7.24 (m, 1H), 7.12 — 7.07 (m, 2H), 7.02 — 7.01 (m, 3H), 6.51 (s, 1H), 5.95 (d, J = 1.2 Hz,
1H), 5.90 (d, J = 1.2 Hz, 1H), 5.61 (s, 1H), 5.17 (s, 1H), 2.98 — 2.92 (m, 1H), 2.55 — 2.52 (m, 1H),
2.43 — 2.36 (m, 2H). C NMR (151 MHz, CDCl3s) § = 152.1, 148.5, 144.0, 142.0, 141.1, 140.7,
136.5, 134.3, 128.7, 128.6, 128.2, 127.9, 127.1, 126.8, 126.4, 126.3, 125.7, 120.6, 119.7, 117.9,
110.17, 101.3, 100.1, 67.1, 64.9, 42.9, 29.9 ppm. (Total count of 13C is less than expected due to
the merging of signals in the aromatic region). HRMS (ESI) exact mass calculated for C2oH24NO3*
(IM+H]*): 434.1751, found, 434.1759.

5-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)quinolin-6-ol  (4h): According to
general procedure | 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 6-hydroxyquinol (0.25
mmol, 1.0 equiv, 36 mg) were reacted for 24 h. After, the completion of the

reaction, the reaction mixture was dissolved in methanol and solution mixture was
evaporated under reduce pressure and residue was purified by SiO, column chromatography (Ethyl
acetate: hexane) to obtain 4h as brown solid 62 mg (56%). FTIR (KBr): v = 2915, 2841, 1610,
1447, 1249, 1128, 828, 742, 728 cm™. 'H NMR (400 MHz, CDCl3) 6 = 11.83 (s, 1H), 8.85 (d, J =
3.8 Hz, 1H), 8.68 (s, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.82 (d, J = 6.8 Hz, 1H), 7.75 — 7.70 (m, 2H),
7.65 (d, J = 7.2 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.45 — 7.42 (m, 1H), 7.40 — 7.37 (m, 3H), 7.29 —
7.27 (m, 1H), 7.14 - 7.06 (m, 2H), 6.96 — 6.92 (m, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.58 (s, 1H), 4.98
(s, 1H), 3.14 — 3.02 (m, 1H), 2.70 — 2.62 (m, 1H), 2.60 — 2.45 (m, 2H). 3C NMR (151 MHz,
CDCI3) 6 = 156.0, 147.3, 144.2, 143.6, 142.1, 141.3, 141.1, 136.1, 134.4, 131.7, 129.6, 129.2,
128.9, 128.8, 128.7, 128.4, 127.7, 127.2, 127.1, 126.7, 126.0, 125.9, 123.7, 122.3, 120.7, 119.7,



117.6, 65.3, 60.3, 43.3, 29.9 ppm. HRMS (ESI) exact mass calculated for Cs1HzsN2 OF ([M+H]):
441.1961, found, 441.1962.

7-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)quinolin-8-ol  (4i): According to
~. general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg),

O O v~ 1.2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 8-
N\F, OH hydroxyquinol (0.25 mmol, 1.0 equiv, 36 mg) were reacted for 24 h. After
completion of the reaction, the reaction mixture was dissolved in methanol and solution mixture
was evaporated under reduce pressure and residue was purified by SiO2> column chromatography
(Ethyl acetate: hexane; 1:6) to obtain 4i as brown solid 58 mg (53%). FTIR (KBr): v = 2923, 1629,
1449, 1375, 1090, 742 cm™. *H NMR (600 MHz, CDCl3) § = 9.59 (s, 1H), 8.83 (d, J = 3.0 Hz,
1H), 8.13 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.70 (d, J =
7.8 Hz, 1H), 7.67 — 7.63 (m, 2H), 7.42 — 7.39 (m, 2H), 7.38 — 7.33 (m, 2H), 7.31 — 7.27 (m, 2H),
7.09 -7.06 (m, 2H), 7.01 - 6.98 (m, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.40 (s, 1H), 4.94 (s, 1H), 3.08
—3.01 (m, 1H), 2.56 — 2.54 (m, 2H), 2.39 — 2.36 (m, 1H). *C NMR (151 MHz, CDCl3) § = 151.7,
148.5, 145.4, 143.6, 141.7, 140.9, 139.0, 138.4, 136.1, 135.4, 129.2, 128.7, 128.69, 128.4, 128.3,
128.2, 127.7, 127.0, 126.8, 126.2, 126.0, 125.5, 125.41, 121.9, 120.3, 119.4, 118.5, 65.3, 61.4,
43.0, 30.5 ppm. HRMS (ESI) exact mass calculated for Cz1HzsN2 OF ([M+H]"): 441.1961, found,

441.1961.

3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-4-hydroxy-2H-chromen-2-one (4j):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 4-hydroxy coumarin (0.25
mmol, 1.0 equiv, 36 mg) were reacted for 48 h. Then, the reaction mixture was
dissolved in methanol and the solid product was precipitated from reaction

mixture. The solid was filtered and washed with (3x5 mL) methanol to obtain the
desired product 4j (70 mg) as light yellow solid. Next, mother liquor was
evaporated under reduced pressure and residue was purified by SiO2 column chromatography
(Ethyl acetate: hexane; 1:20) to give an additional amount (10 mg) of the product. The combined
yield is 80 mg (70%). FTIR (KBr): v = 2925, 1671, 1604, 1130, 748, 615 cm™. 'H NMR (400
MHz, CDCl3) 6 =8.00 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.64
—7.59 (m, 2H), 7.51 — 7.51 (m, 2H), 7.46 — 7.36 (m, 3H), 7.34 — 7.24 (m, 3H), 7.19 — 7.10 (m,



2H), 6.98 (d, J = 7.2 Hz, 1H), 6.40 (s, 1H), 5.27 (s, 1H), 3.15 - 3.07 (m, 1H), 2.63 — 2.58 (m, 2H),
2.54 — 2.46 (m, 1H). ®°C NMR (101 MHz, CDCls) 8 = 165.5, 154.4, 142.1, 141.6, 139.5, 136.6,
134.8, 134.7, 132.1, 131.7, 130.3, 130.1, 129.2, 128.8, 128.4, 127.9, 127.8, 127.5, 127.4, 127.4,
125.6, 124.4, 124.20, 123.6, 120.4, 120.2, 116.9, 64.1, 61.6, 42.3, 28.1 ppm. HRMS (ESI) exact
mass calculated for Ca1H24NO3* ([M+H]"): 458.1751, found, 458.1766.

2-(9H-fluoren-9-yl)-1-(1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5a): According to general
procedure 1, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
O N, tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 puL) and indole (0.25 mmol,
N 1.0 equiv, 29 mg) were reacted for 48h. After completion of the reaction, the
Q N reaction mixture was dissolved in methanol and solution mixture was
evaporated under reduce pressure and residue was purified by SiO, column chromatography (Ethyl
acetate: hexane; 1:15) to obtain 5a as brown solid 67 mg (65%). FTIR (KBr): v = 3328, 2955,
1687, 1274, 117, 742 cm™. 'H NMR (400 MHz, CDCls) 5 = 8.06 (s, 1H), 7.77 (d, J = 7.6 Hz, 2H),
7.68 (d,J=7.2Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.48 —7.47 (m, 1H), 7.41 —7.39 (m, 2H), 7.35
—7.26 (m, 3H), 7.26 — 7.19 (m, 2H), 7.18 — 7.13 (m, 2H), 7.08 — 7.05 (m, 2H), 6.94 — 6.93 (m,
2H), 5.92 (s, 1H), 5.07 (s, 1H), 3.13 — 3.02 (m, 1H), 2.60 — 2.51 (m, 2H), 2.40 — 2.32 (m, 1H).*C
NMR (151 MHz, CDCl3) 6 = 146.5, 144.8, 141.7, 140.6, 139.4, 137.4, 135.8, 128.6, 128.2, 127.8,
127.8, 127.5, 126.5, 126.5, 126.2, 125.9, 125.8, 125.8, 124.9, 122.5, 121.67, 120.3, 119.6, 119.2,
118.4, 111.3, 65.2, 60.9, 43.8, 30.8 ppm. HRMS (ESI) exact mass calculated for CsoH2sN2*
([M+H]"): 413.2012, found, 413.2017.

2-(9H-fluoren-9-yl)-1-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5b): According
to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-

O N tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 2-methylindole (0.25
X mmol, 1.0 equiv, 33 mg) were reacted for 48h. After completion of the reaction,

Q NH " the reaction mixture was dissolved in methanol and solution mixture was
evaporated under reduce pressure and residue was purified by SiO> column chromatography (Ethyl
acetate: hexane; 1:15) to obtain 5b as brown solid 64 mg (60 %). FTIR (KBr): v = 3409, 1601,
1449, 1286, 1217, 742 cm™. *H NMR (600 MHz, CDCl3) § = 7.83 (d, J = 7. 2Hz, 1H), 7.80 (s,
1H), 7.74 (d, J = 7.8 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 7.8
Hz, 1H), 7.34 — 7.32 (m, 1H), 7.29 — 7.22 (m, 3H), 7.19 — 7.16 (m, 1H), 7.09 — 7.07 (m, 1H), 7.05
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—7.03 (m, 3H), 6.95 - 6.92 (m, 1H), 6.84 (d, J = 7.8 Hz, 1H), 6.00 (s, 1H), 5.03 (s, 1H), 3.11 —
3.05 (m, 1H), 2.63 — 2.61 (m, 1H), 2.60 (s, 3H), 2.58 — 2.55 (m, 1H), 2.33 — 2.31 (m, 1H). *C
NMR (151 MHz, CDCl3) 6 = 146.7, 144.9, 141.7, 140.5, 139.6, 135.8, 135.4, 133.9, 128.5, 128.1,
127.79,127.77, 127.5, 126.6, 126.0, 125.9, 125.9, 125.8, 121.4, 120.4, 119.5, 119.2, 113.9, 110.3,
65.4, 59.3, 44.1, 30.9, 12.7 ppm. (Total count of 13C is less than expected due to the merging of
signals in the aromatic region). HRMS (ESI) exact mass calculated for C3iHo7N2* ([M+H]"):
427.2169, found, 427.2166.

Ethyl3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-1H-indole-2-carboxylate (5c):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2
O N.p, equiv, 54 mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL)
\._cooet and ethyl 1H-indole-2-carboxylate (0.25 mmol, 1.0 equiv, 47 mg) were
Q NH reacted for 48h. After completion of the reaction, the reaction mixture was
dissolved in methanol and solution mixture was evaporated under reduce pressure and residue was
purified by SiO2 column chromatography (Ethyl acetate: hexane; 1:20) to obtain 5c¢ as brown solid
72 mg (60%). FTIR (KBr): v = 3339, 3036, 2971, 2804, 1675, 1541, 1251, 1190, 1092, 748, 735
cm™. 'H NMR (600 MHz, CDCls) 6 = 8.87 (s, 1H), 8.08 — 8.03 (m, 2H), 7.70 — 7.69 (m, 1H), 7.60
(d,J=7.2 Hz, 1H), 7.38 — 7.35 (m, 2H), 7.28 — 7.25 (m, 3H), 7.17 — 7.15 (m, 1H), 7.10 — 7.08 (m,
2H), 7.06 — 7.04 (m, 1H), 6.97 — 6.94 (m, 1H), 6.91 — 6.90 (m, 2H), 4.86 (s, 1H), 4.60 — 4.51 (m,
2H), 3.19 — 3.13 (m, 1H), 2.63 — 2.57 (m, 2H), 2.35 — 2.70 (m, 1H), 1.50 (t, J = 6.6 Hz, 3H).*C
NMR (151 MHz,) 6 =162.5, 146.3, 144.3, 141.7, 140.7, 138.5, 136.8, 135.1, 128.7, 128.1, 127.9,
127.4, 126.6, 126.57, 126.1, 126.07, 126.01, 125.9, 124.7, 120.2, 119.2, 111.8, 65.9, 61.5, 58.8,
43.4, 30.9, 14.7 ppm. (Total count of 13C is less than expected due to the merging of signals in
the aromatic region). HRMS (ESI) exact mass calculated for CssHzgN2 O2" ([M+H]*): 485.2224,
found, 485.2230.

(3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-1H-indol-2-yl)methanol (5d):
O According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv,
Nk 54 mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 ulL) and

Q "oy (LH-indol-2-yl)methanol (0.25 mmol, 1.0 equiv, 37 mg) were reacted for

NH 44h. After completion of the reaction, the reaction mixture was dissolved

in methanol and solution mixture was evaporated under reduce pressure and residue was purified
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by SiO. column chromatography (Ethyl acetate: hexane; 1:1) to obtain 5d as yellow solid 80 mg
(72%). FTIR (KBr): v = 3178, 3108, 1448, 1286, 1042, 744, 742 cm™. *H NMR (400 MHz, CDCls)
8 =8.41 (s, 1H), 7.99 (d, J = 7.6 Hz, 1H), 7.94 — 7.92 (m, 1H), 7.70 — 7.68 (m, 2H), 7.60 (d, J =
7.2 Hz, 1H), 7.38 — 7.33 (m, 2H), 7.32 — 7.27 (m, 2H), 7.24 — 7.19 (m, 3H), 7.10 — 7.04 (m, 2H),
6.98 — 6.94 (m, 1H), 6.87 (d, J = 7.6 Hz, 1H), 6.25 (s, 1H), 5.10 (s, 1H), 4.68 (d, J = 13.6 Hz, 1H)
4.68 (d, J =14.0 Hz, 1H), 3.15 - 3.07 (m, 1H), 2.65 — 2.61 (m, 1H), 2.58 — 2.53 (m, 1H), 2.41 —
2.37 (m, 1H). 3C NMR (101 MHz, CDCls) § = 145.0, 143.3, 141.9, 140.9, 138.8, 137.3, 135.1,
134.9, 134.9, 129.3, 128.53, 128.35, 128.3, 127.9, 126.9, 126.4, 126.3, 126.1, 125.7, 124.5, 122.2,
120.42, 120.39, 119.4, 115.1, 111.4, 65.4, 58.4, 58.2, 44.0, 30.1 ppm. HRMS (ESI) exact mass
calculated for Ca1H27N2O* ([M+H]"): 443.2118, found, 443.2128.

1-(2-(3,4-dimethoxyphenyl)-1H-indol-3-yl)-2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinoline
(5e): According to general procedure I, 9-fluorenone imine (0.3 mmol,
1.2 equiv, 54 mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv,
N 96 uL) and 2-(3,4-dimethoxyphenyl)-1H-indole (0.25 mmol, 1.0 equiv,

63 mg) were reacted for 48h. Then, the reaction mixture was dissolved in
methanol and the solid product was precipitated from reaction mixture. The solid was filtered and
washed with (3x5 mL) methanol to obtain the desired product 5e (60 mg) as light yellow solid.
Next, mother liquor was evaporated under reduced pressure and residue was purified by SiO>
column chromatography (Ethyl acetate: hexane; 1:3) to give an additional amount (10 mg) of the
product. The combined yield is 70 mg (51%). FTIR (KBr): v = 3421, 3349, 1510, 1450, 1260,
1242, 1136, 1023, 746 cm™. 'H NMR (400 MHz, CDCls) & = 8.12 (s, 1H), 7.78 (d, J = 7.2 Hz,
1H), 7.60 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.24 — 7.22 (m,
3H), 7.20 - 7.18 (m, 2H), 7.16 — 7.14 (m, 2H), 7.11 — 7.10 (m, 4H), 7.04 — 7.00 (m, 1H), 6.92 (d,
J=8.4 Hz, 1H), 6.85 (s, 1H), 5.99 (s, 1H), 4.83 (s, 1H), 3.95 (s, 3H), 3.70 (s, 3H), 3.12 — 3.00 (m,
1H), 2.57 — 2.53 (m, 1H), 2.46 — 2.4 (m, 1H), 2.25 — 2.21 (m, 1H). *C NMR (101 MHz, CDCls)
0=149.7,149.5,146.6, 144.1, 141.5, 140.6, 139.7, 138.2, 136.5, 135.7, 128.8, 127.8, 127.7, 127.5,
127.4, 126.3, 126.2, 126.1, 126.0, 125.9, 125.88, 122.6, 121.8, 120.0, 119.9, 119.1, 114.2, 112.6,
111.7, 110.8, 65.2, 59.7, 56.3, 56.2, 44.0, 30.7 ppm. HRMS (ESI) exact mass calculated for
CagH33N202" ([M+H]"): 549.2537 found, 549.25609.
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3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-1H-indol-5-0l (5f): According to

general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg),

O N 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 5-

\ hydroxyindole (0.25 mmol, 1.0 equiv, 33 mg) condition were reacted for 44h.

HO O NH  After completion of the reaction, the reaction mixture was dissolved in

methanol and solution mixture was evaporated under reduce pressure and

residue was purified by SiO> column chromatography (Ethyl acetate: hexane; 1:4) to obtain 5f as

brown solid 103 mg (96%). FTIR (KBr): v = 3328, 2923, 1687, 1615, 1247, 1237, 739 cm™. H

NMR (600 MHz, CDCI3) 8 = 8.01 (s, 1H), 7.76 (d, J = 7.2 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.61

(d, J=7.2Hz, 1H), 7.49 (d, J = 1.8 Hz, 1H), 7.42 (d, J = 7.2Hz, 1H), 7.35 - 7.33 (m, 1H), 7.30

—7.27 (m, 1H), 7.24 - 7.17 (m, 3H), 7.14 (d, J = 2.4 Hz, 1H), 7.06 (d, J = 2.4 Hz, 2H), 6.97 — 6.95

(m, 2H), 6.74 - 6.73 (m, 1H), 5.86 (s, 1H), 5.07 (s, 1H), 3.09 — 3.03 (m, 1H), 2.56 — 2.53 (M, 2H),

2.36 — 2.34 (m, 1H). 13C NMR (151 MHz, CDCls) & = 149.2, 146.4, 144.7, 141.6, 140.5, 139.2,

135.3,132.6,128.5,128.0, 127.74,127.72,127.5,127.2,127.0, 126.4, 126.1, 125.9, 125.88, 125.7,

120.2, 119.2, 117.5, 112.3, 111.8, 106.0, 65.1, 60.8, 43.7, 30.7 ppm. HRMS (ESI) exact mass
calculated for CzoH2sN20" ([M+H]"): 429.1961 found, 429.1962.

2-(9H-fluoren-9-yl)-1-(5-methoxy-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (59):
According to the general procedure I, 9-fluorenone imine (0.3 mmol, 1.2

O N.g  equiv, 54 mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL)

\O A and 5-methoxyindole (0.25 mmol, 1.0 equiv, 36 mg) were reacted for 48h.
Q N After completion of the reaction, the reaction mixture was dissolved in
methanol and solution mixture was evaporated under reduce pressure and residue was purified by
SiO2 column chromatography (Ethyl acetate: hexane; 1:5) to obtain 5g as brown solid 83 mg
(75%). FTIR (KBr): © = 3421, 2924, 1581, 1448, 1201, 741 cm™. *H NMR (600 MHz, CDCl3) §
=8.06 (s, 1H), 7.77 (d, = 7.2 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.45 (s,
1H), 7.43 (d, J = 7.2 Hz, 1H), 7.35 — 7.32 (m, 1H), 7.30 — 7.27 (m, 1H), 7.23 — 7.21 (m, 3H), 7.20
—7.17 (m, 1H), 7.06 (s, 2H), 6.96 — 6.95 (m, 2H), 6.83 — 6.82 (m, 1H), 5.89 (s, 1H), 5.10 (s, 1H),
3.78 (s, 3H), 3.09 — 3.03 (m, 1H), 2.57 — 2.54 (m, 2H), 2.37 — 2.35 (m, 1H). 3*C NMR (151 MHz,
CDCIs) 6 = 153.7, 146.5, 144.8, 141.6, 140.7, 139.2, 135.4, 132.6, 128.5, 128.2, 127.8, 127.8,
127.4,127.0 126.5, 126.2, 125.9, 125.8, 125.76, 125.6, 120.3, 119.3, 118.1, 112.5, 111.9, 103.6,
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65.2, 60.8, 56.0, 43.8, 30.9 ppm. HRMS (ESI) exact mass calculated for C31H27N20* ([M+H]"):
443.2118, found, 443.2126.

Methyl 3-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-1H-indole-5-carboxylate
(5h): According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2
O N, equiv, 54 mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL)
Q N and methyl 1H-indole-5-carboxylate (0.25 mmol, 1.0 equiv, 44 mg) were
0 O NH reacted for 44h. After completion of the reaction, the reaction mixture was
dissolved in methanol and solution mixture was evaporated under reduce pressure and residue was
purified by SiO> column chromatography (Ethyl acetate: hexane; 1:4) to obtain 5h as brown solid
104 mg (88%). FTIR (KBr): v = 339, 3058, 2911, 1713, 1445, 1211, 1090, 738 cm™. *H NMR
(400 MHz, CDCls) 6 = 8.66 (s, 1H), 8.44 (s, 1H), 7.87 — 7.85 (m, 1H), 7.73 (d, J = 7.2 Hz, 1H),
7.67 (d, J=7.6 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.51 — 7.48 (m, 2H), 7.34 — 7.29 (m, 3H), 7.22
—7.18 (m, 2H), 7.07 — 7.05 (m, 2H), 6.96 — 6.90 (m, 2H), 5.94 (s, 1H), 5.02 (s, 1H), 3.92 (s, 3H)
3.17 —3.09 (m, 1H), 2.60 — 2.54 (m, 2H), 2.43 — 2.39 (m, 1H). *C NMR (151 MHz, CDCl3) § =
168.4, 146.1, 144.6, 141.6, 140.6, 140.0, 138.9, 135.4, 128.9, 127.9, 127.6, 126.6, 126.14, 126.12,
126.07,125.9,125.74,125.72, 125.26, 124.7,124.0, 121.8, 120.3, 120.2, 119.9, 119.3, 111.1, 65.4,
60.6, 52.1, 43.9, 30.7 ppm. HRMS (ESI) exact mass calculated for Cs2H27N202" ([M+H]"):
471.2067, found, 471.2060.

2-(9H-fluoren-9-yl)-1-(5-nitro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5i): According to
O general procedure Il: 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg),

N 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 5-

O,N Q \NH nitroindole (0.25 mmol, 1.0 equiv, 40 mg), in neat condition were reacted

for 48h. After completion of the reaction, the reaction mixture was

dissolved in methanol and solution mixture was evaporated under reduce pressure and residue was
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purified by SiO2 column chromatography (Ethyl acetate: hexane; 1:2) to obtain 5i as yellow solid
95 mg (83%). FTIR (KBr): 0 = 3429, 2923, 1610, 1584, 1489, 1450, 1360, 1258, 1235, 1211, 1149
743, 728 cm™. 'H NMR (400 MHz, CDCls3) & = 8.79 (s, 1H), 8.45 (s, 1H), 8.10 — 8.07 (m, 1H),
7.72 (d, J = 7.2 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.64 — 7.62 (m, 2H), 7.44 (d, J = 7.2 Hz, 1H),
7.39 - 7.36 (m, 1H), 7.35 — 7.30 (m, 2H), 7.24 — 7.19 (m, 2H), 7.14 — 7.08 (m, 2H), 6.99 — 6.95
(m, 1H), 6.88 (d, J = 8.0 Hz, 1H), 5.95 (s, 1H), 4.98 (s, 1H), 3.25 - 3.17 (m, 1H), 2.68 — 2.61 (m,
2H), 2.52 — 2.48 (m, 1H). 3C NMR (101 MHz, CDClz) & = 145.6, 144.3, 141.7, 141.6, 140.6,
140.3, 138.1, 135.4, 129.1, 128.1, 128.0, 127.8, 127.7, 127.5, 126.6, 126.4, 126.0, 125.8, 125.6,
125.5, 121.2, 120.4, 119.5, 119.1, 118.4, 111.4, 65.6, 60.4, 44.1, 30.7 ppm. HRMS (ESI) exact
mass calculated for CzoH24N3 02" ([M+H]"): 458.1863, found, 458.1879.

2-(9H-fluoren-9-yl)-1-(5-fluoro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5j): According
to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg),

O Neg 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 5-fluoroindole

F Q N (0.25 mmol, 1.0 equiv, 34 mg) were reacted for 48h. After completion of the
" reaction, the reaction mixture was dissolved in methanol and solution mixture

was evaporated under reduce pressure and residue was purified by SiO2 column chromatography
(Ethyl acetate: hexane; 1:5) to obtain 5j as yellow solid 80 mg (74%). FTIR (KBr): v = 3432,
2922, 1484, 1448, 1581, 1168, 746, 738 cm™. 'H NMR (600 MHz, CDCls3) § = 8.20 (s, 1H), 7.75
(d,J=7.2Hz, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.51 - 7.50 (m, 1H), 7.40 -
7.39 (m, 2H), 7.35 — 7.33 (m, 1H), 7.31 — 7.28 (m, 1H), 7.24 — 7.20 (m, 3H), 7.09 — 7.07 (m, 2H),
6.98 (m, 1H), 6.91 — 6.87 (m, 2H), 5.87 (s, 1H), 5.02 (s, 1H), 3.12 — 3.05 (m, 1H), 2.57 — 2.54 (m,
2H), 2.38 — 2.35 (m, 1H). *C NMR (151 MHz, CDCl3) § = 158.3, 156.8, 146.2, 144.6, 141.7,
140.6, 138.8, 135.4, 133.9, 128.7, 128.0, 127.9, 127.6, 126.6, 126.5, 126.14, 126.08, 125.8, 125.7,
120.4,119.3,118.4,111.9,111.86, 111.1, 110.9, 106.5, 106.4, 65.2, 60.8, 43.8, 30.7 ppm. HRMS

(ESI) exact mass calculated for CaoH24FN2* ([M+H]"): 431.1918, found, 431.1920.

1-(5-chloro-1H-indol-3-yl)-2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinoline (5k): According
to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 ulL) and 5-chloroindole (0.25 mmol, 1.0 equiv, 38
mg) were reacted for 48h. After completion of the reaction, the reaction mixture was dissolved in

methanol and solution mixture was evaporated under reduce pressure and residue was purified by
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SiO2 column chromatography (Ethyl acetate: hexane; 1:5) to obtain 5k as brown solid 79 mg

(71%). FTIR (KBr): © = 3441, 2924, 17112, 1609, 1446, 1297, 1261, 1095,

O N.g 739 cm™. *H NMR (400 MHz, CDCls) 6 =8.17 (s, 1H), 7.75 —7.74 (m, 1H),

N N 7.71(d, J=7.2 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.47

Q N 746 (m, 1H), 7.42 (d, J = 7.2 Hz, 1H), 7.34 — 7.34 (m, 2H), 7.25 - 7.19 (m,

3H), 7.10 —7.06 (m, 3H), 7.00 — 6.93 (m, 1H), 6.90 — 6.88 (m, 1H), 5.85 (s, 1H), 4.99 (s, 1H),

3.12 - 3.04 (m, 1H), 2.57 — 2.52 (m, 2H), 2.40 — 2.36 (m, 1H). *C NMR (101 MHz, CDCl3) § =

146.1, 144.6, 141.6, 140.7, 138.8, 135.8, 135.4, 128.8, 127.93, 127.91, 127.7,127.4, 126.6, 126.14,

126.12, 125.8, 125.7, 125.2, 122.9, 121.1, 120.3, 119.3, 118.2, 112.3, 65.3, 60.7, 43.9, 30.7 ppm.

(Total count of 13C is less than expected due to the merging of signals in the aromatic region).
HRMS (ESI) exact mass calculated for CzoH24CIN2* ([M+H]"): 447.1623, found, 447.1620.

1-(5-bromo-1H-indol-3-yl)-2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinoline (51): According
to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg),
O N 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 5-bromoindole
B N (0.25 mmol, 1.0 equiv, 48.5 mg) were reacted for 48h. After completion of the
Q N? reaction, the reaction mixture was dissolved in methanol and solution mixture
was evaporated under reduce pressure and residue was purified by SiO2> column chromatography
(Ethyl acetate: hexane; 1:5) to obtain 51 as yellow brown solid 113 mg (92%). FTIR (KBr): v =
3442, 3027, 3058, 2911, 1713, 1445, 1090, 1041, 881, 822, 796, 738 cm™. 'H NMR (400 MHz,
CDCl3) & = 8.08 (s, 1H), 7.95 — 7.94 (m, 1H), 7.73 — 7.68 (m, 2H), 7.63 (d, J = 7.6 Hz, 1H), 7.48
(d,J=2.4Hz, 1H), 7.45 (d, J=7.6 Hz, 1H), 7.35 - 7.29 (m, 2H), 7.27 — 7.25 (m, 1H), 7.24 — 7.22
(m, 2H), 7.20 -7.17 (m, 1H), 7.09 — 7.08 (m, 2H), 6.98 — 6.94 (m, 1H), 6.91 — 6.89 (m, 1H), 5.87
(s, 1H), 4.99 (s, 1H), 3.13 - 3.05 (m, 1H), 2.58 — 2.51 (m, 2H), 2.41 — 2.37 (m, 1H). *C NMR (101
MHz, CDCI3) & = 146.1, 144.5, 141.6, 140.7, 138.7, 136.0, 135.3, 128.8, 128.0, 127.94, 127.91,
127.7, 126.6, 126.2, 126.1, 125.9, 125.8, 125.8, 125.7, 125.5, 124.3, 120.3, 119.4, 118.2, 112.9,
112.8, 65.3, 60.7, 43.9, 30.7 ppm. HRMS (ESI) exact mass calculated for CzoH24BrN2*([M+H]):
493.1097, found, 493.1129.

16



1-(5-bromo-1H-indol-3-yl)-2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinoline (5m):
According to general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54

O N.g, mg), 1,2,3,4-tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and 6-

X bromoindole (0.25 mmol, 1.0 equiv, 48.5 mg) were reacted for 48h. After

. Q NH completion of the reaction, the reaction mixture was dissolved in methanol and
solution mixture was evaporated under reduce pressure and residue was purified

by SiO2 column chromatography (Ethyl acetate: hexane; 1:5) to obtain 5m as yellow brown solid
112 mg (91%). FTIR (KBr): v = 3442, 2951, 1713, 1445, 1417, 1211, 1041, 738 cm™. *H NMR
(400 MHz, CDCl3) 6 =8.15 (s, 1H), 7.75 (d, J = 7.2 Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.63 — 7.59
(m, 2H), 7.51 — 7.49 (s, 2H), 7.36 — 7.32 (m, 2H), 7.31 — 7.29 (m, 1H), 7.25 - 7.19 (m, 2H), 7.17
—7.14 (m, 1H), 7.08 — 7.07 (m, 2H), 6.98 — 6.94 (m, 1H), 6.90 — 6.88 (m, 1H), 5.89 (s, 1H), 5.02
(s, 1H), 3.11 — 3.03 (m, 1H), 2.59 — 2.50 (M, 2H), 2.38 — 2.34 (m, 1H). *C NMR (151 MHz,
CDCl3) 6 = 146.2, 144.6, 141.7, 140.6, 138.9, 138.3, 135.4, 128.7, 128.0, 127.92, 127.91, 127.6,
126.6, 126.12, 126.10, 125.8, 125.7, 125.4, 125.2, 123.0, 122.9, 120.4, 119.3, 118.7, 116.2, 114.3,
65.2, 60.7, 43.8, 30.8 ppm. HRMS (ESI) exact mass calculated for C3oH24BrN2* ([M+H]"):

491.1117, found, 491.1121.

2-(9H-fluoren-9-yl)-1-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1,2,3,4-tetrahydroisoquinoline (5n):
According to general procedure Il: 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
| tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 uL) and 7-azaindole (0.25 mmol,

“FI

1.0 equiv, 29.5 mg) were reacted for 48h. After completion of the reaction, the
AN

/\ Y _NH  reaction mixture was dissolved in methanol and solution mixture was evaporated

" under reduce pressure and residue was purified by SiO2 column chromatography
(Ethyl acetate: hexane; 1:2) to obtain 5n as yellow solid 90 mg (82%). FTIR (KBr): v = 2895,
2814, 1582, 1446, 1418, 1120, 773, 741 cm™. *H NMR (400 MHz, CDCls3) § = 8.20 (dd, J = 4.8,
1.2 Hz, 1H), 7.93 (dd, J = 8.0, 1.6 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.56
—7.54 (m, 2H), 7.39 — 7.21 (m, 3H), 7.19 (s, 1H), 7.13 — 7.11 (m, 2H), 7.02 — 7.01(m, 2H), 6.97 —
6.94 (m, 1H), 6.92 — 6.87 (m, 1H), 6.85 — 6.83 (m, 1H), 5.81 (s, 1H), 4.97 (s, 1H), 3.05 - 2.96 (m,
1H), 2.56 — 2.49 (m, 2H), 2.35 — 2.31 (m, 1H).13C NMR (151 MHz, CDCls) § = 150.0, 146.1,
144.6, 143.4, 141.6, 140.7, 138.8, 135.4, 130.2, 128.7, 128.2, 128.0, 127.9, 127.5, 126.6, 126.2,
126.1, 125.8, 125.5, 125.3, 120.4, 119.4, 119.0, 117.1, 116.0, 65.3, 61.0, 43.9, 30.8 ppm. HRMS

(ESI) exact mass calculated for C2gH2aNs* ([M+H]"): 414.1965, found, 414.1964.
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2-(9H-fluoren-9-yl)-1-(2-methyl-1H-indol-3-yl)-7-nitro-1,2,3,4-tetrahydroisoquinoline  (50):
According to general procedure I, 9-fluorenone imine (0.18 mmol, 1.2
O,N O Neg, equiv, 32 mg), 7-nitro-1,2,3,4-tetrahydroisoquinoline (0.23 mmol, 1.5
X,—CHs equiv,32 mg) and 2-methylindole (0.15 mmol, 1.0 equiv, 20 mg) were
Q NH reacted for 48h. After completion of the reaction, the reaction mixture was
dissolved in methanol and solution mixture was evaporated under reduce pressure and residue was
purified by SiO> column chromatography (Ethyl acetate: hexane; 1:15) to obtain 5b as brown solid
(71 %, 51 mg). FTIR (KBr): © = 3411, 2957, 2924, 2853, 1518, 1304, 740 cm™. FTIR (KBr): o =
3411, 2957, 2924, 2853, 1518, 1304, 740 cm™. *H NMR (400 MHz, CDCl3) § =7.90 (s, 1H), 7.82
—7.79 (m, 1H), 7.71 - 7.69 (m, 1H), 7.63 - 7.61 (m, 2H), 7.57 (d, J = 7.6 Hz, 1H), 7.53 (d, J = 7.2
Hz, 1H), 7.29 —7.27 (m, 2H), 7.22 — 7.15 (m, 3H), 7.12 — 7.08 (m, 2H), 7.04 — 7.02 (m, 1H),
6.97 — 6.93 (m, 1H), 5.88 (s, 1H), 4.93 (s, 1H), 3.07 — 3.01 (m, 1H), 2.59 (s, 3H), 2.54 — 2.47 (m,
2H), 2.31- 2.27 (m, 1H). BC NMR (101 MHz, CDCl3) § = 146.6, 146.0, 144.3, 143.5, 141.7,
141.5, 140.6, 136.1, 134.4, 129.6, 128.1, 128.0, 127.6, 126.7, 126.0, 125.8, 123.5, 121.9, 121.0,
120.5,119.7,119.4, 112.4,110.7, 65.2, 59.5, 43.4, 31.2, 12.7 ppm. (Total count of 13C is less than
expected due to the merging of signals in the aromatic region). HRMS (ESI) exact mass calculated
for C31H26N302" ([M+H]"): 472.2020, found, 472.2034.

2-(9H-fluoren-9-yl)-6,7-dimethoxy-1-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline
o (5p): According to general procedure I, 9-fluorenone imine (0.18 mmol, 1.2
- O N equiv, 32 mg), 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (0.23 mmol,
\\_CHy 1.5 equiv, 43 mg) and 2-methylindole (0.15 mmol, 1.0 equiv, 20 mg) were
Q NH reacted for 48h. After completion of the reaction, the reaction mixture was
dissolved in methanol and solution mixture was evaporated under reduce
pressure and residue was purified by SiO2 column chromatography (Ethyl acetate: hexane; 1:5) to
obtain 5b as light yellow solid (73 %, 53 mg). FTIR (KBr): v = 3348, 3296, 2923, 2851, 2807,
1506, 1460, 1445, 1253, 1133, 1025, 734 cm™. 'H NMR (400 MHz, CDCl3) & = 7.81 (s, 1H),
7.77 (d, J=7.6 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.53 (d, J = 7.6 Hz,
1H), 7.31 - 7.25 (m, 2H), 7.20 — 7.18 (m, 2H), 7.17 — 7.15 (m, 1H), 7.12 — 7.10 (m, 1H), 7.03 -
6.96 (m, 2H), 6.48 (s, 1H), 6.27 (s, 1H), 5.88 (s, 1H), 4.93 (s, 1H), 3.74 (s, 3H), 3.47 (s, 3H), 2.99
—2.89 (m, 1H), 2.53 (s, 3H), 2.49 — 2.48 (m, 1H), 2.41 — 2.37 (m, 1H), 2.24 — 2.21 (m, 1H). *C
13C NMR (101 MHz, CDCls) & = 147.4, 147.3, 146.7, 144.9, 141.7, 140.5, 135.9, 133.8, 131.6,
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127.8, 127.8, 127.7, 127.5, 126.5, 126.0, 125.9, 121.4, 120.3, 119.5, 119.2, 113.9, 111.3, 111.1,
110.3, 65.5, 58.9, 56.1, 56.0, 44.2, 30.5, 12.7 ppm (Total count of 13C is less than expected due
to the merging of signals in the aromatic region). HRMS (ESI) exact mass calculated for
Ca3H31N202" ([M+H]Y): 487.2380, found, 487.2386.

2-(9H-fluoren-9-yl)-1-(1H-pyrrol-3-yl)-1,2,3,4-tetrahydroisoquinoline  (5q): According to
general procedure I, 9-fluorenone imine (0.3 mmol, 1.2 equiv, 54 mg), 1,2,3,4-
N<F  tetrahydroisoquinoline (0.75 mmol, 3 equiv, 96 pL) and pyrrole (0.25 mmol, 1.0
Z>NH  equiv, 18 uL), in neat condition were reacted for 24h. After completion of the
— reaction, the reaction mixture was dissolved in methanol and solution mixture was
evaporated under reduce pressure and residue was purified by SiO. column chromatography (Ethyl
acetate: hexane; 1:20) to obtain 50 as yellow solid 48 mg (53%). FTIR (KBr): v = 3398, 3060,
1713, 1428, 1287, 1110, 772, 748 cm™. *H NMR (400 MHz, CDCl3) 6 = 8.39 (s, 1H), 7.77 - 7.70
(m, 2H), 7.69 — 7.65(m, 1H), 7.46 — 7.44 (m, 1H), 7.35 — 7.33 (m, 2H), 7.29 — 7.28 (m, 1H), 7.24
—7.23 (m, 1H), 7.13 - 7.03 (m, 3H), 6.98 — 6.96 (m, 1H), 6.80 (s, 1H), 6.56 (s, 1H), 6.18 (s, 1H),
5.75 (s, 1H), 4.96 (s, 1H), 2.94 — 2.85 (m, 1H), 2.51 — 2.45 (m, 2H), 2.32 — 2.28 (m, 1H).*C NMR
(101 MHz, CDCl3z) 6 = 145.8, 144.2, 141.6, 140.9, 137.9, 135.2, 132.4, 128.8, 128.4, 128.1, 128.0,
127.5, 126.8, 126.5, 126.4, 126.0, 125.0, 120.4, 119.6, 118.6, 110.5, 107.7, 65.3, 61.2, 43.3, 30.3
ppm. HRMS (ESI) exact mass calculated for C2sH23N2" ([M+H]"): 363.1856, found, 363.1857.

1-(2-(9H-fluoren-9-yl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-6-phenylnaphthalen-2-ol 9):
Phenyl boronic acid (0.26 mmol, 1.5 equiv, 31 mg), Ba(OH)28H.0 (0.23

O N.,  mmol, 1.2 equiv, 40mg) Pd(PPhs)s (0.01 mmol, 0.019 equiv, 11 mg), 1,4
OO OH  dioxane (1.3 mL), H,O (0.4 mL) and 1-(2-(9H-fluoren-9-yl)-1,2,3,4-

O tetrahydroisoquinolin-1-yl)-6-bromonaphthalen-2-ol, 4c (0.193 mmol,
lequiv, 100 mg) were refluxed for 24 h under inert atmosphere. After

completion of the reaction 1,4 dioxane was evaporated under reduce pressure. The resulting mass
was diluted with DCM (30 mL) and the mixture was washed with 1M HCI (3x20 mL) and then
with brine (2x20 mL). Combined organic layers were dried over sodium sulfate and concentrated
under vacuum to give crude product which was further was purified by SiO. column

chromatography (ethyl acetate: hexane; 1:2) to afford desired product 9 as light yellow solid 82
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mg (82%). FTIR (KBr): v = 2959, 2924, 1493, 1448, 1261, 1079, 812, 739 cm™. *H NMR (600
MHz, CDCl3) 5 = 11.78 (s, 1H), 8.45 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 1.2 Hz, 1H), 7.97 — 7.95 (m,
1H), 7.86 — 7.83 (m, 3H), 7.77 — 7.76 (m, 2H), 7.68 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 6.6 Hz, 1H),
7.51—7.48 (m, 2H), 7.40 — 7.35 (m, 4H), 7.29 — 7.27 (m, 1H), 7.23 (s, 1H), 7.11 — 7.09 (m, 1H),
7.06 (d, J = 7.2 Hz, 1H), 6.95 — 6.94 (m, 1H), 6.86 (d, J = 7.8 Hz, 1H), 6.68 (s, 1H), 5.03 (s, 1H),
3.10 - 3.05 (m, 1H), 2.65 — 2.62 (m, 1H), 2.59 — 2.55 (m, 1H), 2.49 — 2.47 (m, 1H). 3C NMR (151
MHz, CDClz) 6 = 155.9, 143.9, 142.1, 1415, 141.1, 141.0, 136.5, 135.7, 134.3, 133.6, 130.6,
129.3, 129.1, 128.8, 128.7, 128.6, 128.3, 127.9, 127.37, 127.36, 127.29, 127.27, 127.18, 126.9,
126.6, 126.4, 125.9, 122.1, 120.60, 120.59, 119.7, 118.0, 65.3, 60.8, 43.2, 29.9 ppm. HRMS (ESI)
exact mass calculated for CsgHzoNO* ([M+H]"): 516.2322, found, 516.2322.

1-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline  (10):  2-(9H-fluoren-9-yI)-1-(1H-
indol-3-yl)-1,2,3,4-tetrahydroisoquinoline, (5a) (0.18 mmol, 1 equiv, 75 mg) was
O NH  dissolved in ethyl acetate and methanol (3:1, v/v). Palladium (10%) on charcoal
N (0.18 mmol, 1 equiv, 20 mg) was added to it. Then the flask was evacuated and re-
Q filled with hydrogen. The process was repeated three times. Then, the reaction
mixture was kept on shaking at 25 PSI of hydrogen for 48 h. After the completion of the reaction,
the reaction mixture was filtered through a pad of celite, and the celite pad was washed
successively with methanol (3x5 mL) and of ethyl acetate (3x5 mL). The filtrate was concentrated
and the crude product was purified (preparative TLC, ethyl acetate: hexane; 2:1) to afford desired
product 10 as brown gum 25 mg (55%). FTIR (KBr): v = 2923, 2855, 1622, 1452, 1263, 1099,
742 cm™. 'H NMR (600 MHz, CDCl3) & = 8.19 (s, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.8
Hz, 1H), 7.20 — 7.13 (m, 2H), 7.07 — 7.05 (m, 1H), 7.04 — 7.01 (m, 1H), 6.98 (d, J = 7.8 Hz, 1H),
6.93 - 6.92 (m, 1H), 5.51 (s, 1H), 3.29 — 3.25 (m, 1H), 3.12 — 3.08 (m, 1H), 3.03 — 2.98 (m, 1H),
2.92 — 2.88 (m, 1H).*C NMR (151 MHz, CDCls) § = 138.1, 136.7, 135.1, 129.1, 128.1, 126.5,
125.9, 124.3, 122.3, 119.9, 119.6, 119.2, 111.5, 53.9, 41.8, 29.7 ppm. HRMS (ESI) exact mass
calculated for C17H17N2*" ([M+H]*): 249.1386, found, 249.1387.

1-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline ~ (11):  2-(9H-fluoren-9-yl)-1-(2-
O methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5b) (0.23 mmol, 1
equiv, 100 mg) was dissolved in ethyl acetate and methanol (3:1, v/v).

Q \NH ™ palladium (10%) on charcoal (0.23 mmol, 1 equiv, 25 mg) was added to it.
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Then the flask was evacuated and re-filled with hydrogen. The process was repeated three times.
Then, the reaction mixture was kept on shaking at 25 PSI of hydrogen for 48 hours. After the
completion of the reaction, the reaction mixture was filtered through a pad of celite, and the celite
pad was washed successively with methanol (3x5 mL) and of ethyl acetate (3x5 mL). The filtrate
was concentrated and the crude product was purified (preparative TLC, ethyl acetate: hexane; 2:1)
to afford desired product 11 as brown gum 35 mg (57%). FTIR (KBr): © = 3604, 3298, 3228, 2922,
1622, 1460, 1428, 1261, 738 cm™. *H NMR (600 MHz, CDCl3) § = 7.97 (s, 1H), 7.25 — 7.23 (m,
1H), 7.17 = 7.16 (m, 1H), 7.13 — 7.09 (m, 2H), 7.06 — 7.03 (m, 1H), 6.99 — 6.96 (m, 1H), 6.93 —
6.89 (m, 1H), 6.84 (d, J = 7.8 Hz, 1H), 5.42 (s, 1H), 3.40 — 3.37 (m, 1H), 3.20 - 3.11 (m, 2H), 2.88
—2.85 (m, 1H), 2.34 (s, 3H).1*C NMR (101 MHz, CDCl3) 6 = 139.0, 135.5, 135.3, 133.2, 129.0,
127.6, 126.2, 126.1, 121.1, 119.5, 119.2, 114.4, 110.4, 53.9, 43.8, 30.3, 12.3 ppm (Total count of
13C is less than expected due to the merging of signals in the aromatic region). HRMS (ESI) exact
mass calculated for C1gH19N2" ([M+H]"): 263.1543, found, 263.1543.

1-(isoquinolin-1-yl)naphthalen-2-ol(12): 1-(2-(9H-fluoren-9-yl)-1,2,3,4 tetrahydroisoquinolin-
O /\N 1-yhnaphthalen-2-ol, (3) (0.17 mmol, 1 equiv, 75 mg) was dissolved in 3 mL
oy Mmesitylene. Palladium (10%) on charcoal (0.34 mmol, 2 equiv, 36 mg) was added
OO to it. Then, the reaction mixture was placed and refluxed for 24 h. After the
completion of the reaction, the reaction mixture was filtered through a pad of celite, and the celite
pad was washed successively with methanol (3x5 mL) and of ethyl acetate (3x5 mL). The filtrate
was concentrated and the crude product was purified SiO2 column chromatography (ethyl acetate:
hexane; 1:2) to afford desired product 12 as brown solid 44 mg (96%). FTIR (KBr): v = 3050,
1620, 1582, 1558, 1434, 1350, 1276, 823, 747 cm™. *H NMR (400 MHz, CDCl3) § = 8.59 (d, J =
5.6 Hz, 1H), 7.93 (d, J=8.0 Hz, 1H), 7.84 - 7.82 (m, 1H), 7.78 — 7.76 (m, 2H), 7.71 - 7.69 (m,1H),
7.59 (d, J =8.4 Hz, 1H), 7.42 — 7.38 (m, 1H), 7.33 - 7.29 (m, 1H), 7.21 - 7.18 (m, 2H), 7.08 (d,
J=8.8 Hz, 1H). 3C NMR (151 MHz, CDCl3) § = 157.6, 153.6, 141.8, 137.3, 133.3, 131.2, 131.0,
129.0, 128.4, 128.4, 128.0, 127.7, 127.3, 126.6, 125.1, 123.4, 121.1, 119.4, 117.5 ppm. HRMS
(ESI) exact mass calculated for C19H14NO™ ([M+H]™): 272.1070, found, 272.1097.
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1-(isoquinolin-1-yl)-7-methoxynaphthalen-2-ol (13): 1-(2-(9H-fluoren-9-yl)-1,2,3,4-
tetrahydroisoquinolin-1-yl)-7-methoxynaphthalen-2-ol, (4a) (0.16 mmol, 1
O _N equiv, 75 mg) was dissolved in 3 mL mesitylene. Palladium (10%) on charcoal
HsCO OH (0.32 mmol, 2 equiv, 34 mg) was added to it. Then, the reaction mixture was
O‘ placed and refluxed for 24 h. After the completion of the reaction, the reaction
mixture was filtered through a pad of celite, and the celite pad was washed successively with
methanol (3x5 mL) and of ethyl acetate (3x5 mL). The filtrate was concentrated and the crude
product was purified SiO> column chromatography (ethyl acetate: hexane; 1:2) to afford desired
product 13 as brown solid 41 mg (84%). FTIR (KBr): © = 2952, 1623, 1588, 1348, 1223, 827 cm"
! IH NMR (600 MHz, CDCl3) § = 8.67 (d, J = 6.0 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.79 - 7.77
(m, 2H), 7.74 — 7.70 (m, 2H), 7.66 (d, J = 8.4 Hz, 1H), 7.44 — 7.41 (m, 1H), 7.17 (d, J = 9.0 Hz,
1H), 6.98 (dd, J = 9.0, 3.6 Hz, 1H), 6.44 (d, J = 2.4 Hz, 1H), 3.42 (s, 3H). 3C NMR (151 MHz,
CDCI3) 6 = 158.3, 157.7, 154.4, 141.9, 137.3, 134.4, 131.0, 131.0, 129.9, 128.6, 128.0, 127.5,
127.3,124.4,121.0,116.8, 116.7, 115.5, 104.6, 55.1 ppm. HRMS (ESI) exact mass calculated for
C20H16NO2" ([M+H]"): 302.1176, found, 302.1179.

22



000°0-—

€86y —
¥59'9
¥6/'9
€189
0069
026’9
06’9
SE0°L
180°Z
§90°L
a80°L
T0T°L
86T
0ceL
oveL
85¢°L
vLTL
LTl
TEE°L
14294
0s€'L
§SSE°L
19€°L
89€°L
§8¢€°L
[40 4
[44 8
909°L
9L
w9’'L
Le9°L
199°2
1897/
¥89°/
669°/
T0L' LA
98/°/A
008"
608"
618°L]
878/
158°2
0£8°L1
$9€'8
§8€'8-

L9L°TT—

“FI

oH

T
ST'¢

Fat

E00T

E-007T

E-060




2€6'6C—

POC e —

69909 —

0PC’S9—

810°LL
OMN.RW
Ll

T¥0'8TT
S09°6TT
PET 0CT
¢SS°0¢T
Uyl
£00°€CT
€€6°SCT
29€'9¢T
6v5°9¢T
9€8°9¢T
0€T"LCT
€07/t
606°£CT
95¢'8¢T
£95°8CT
999°8¢T
€04°8¢T
¥e0'6cT
T/¥'6CT
HHm.omH\

68CVET
[8EVET
G6S'9€ET
OTT' TP
SPTPT
0S0°¢rT
[44R34!
€18°95T—

9@}
Fl

X

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

190



UUVU U]
0052
6052
1657
6£5°2-
095°Z-
6952
0£L'2-
1207
918°CH
/82
960°€
TT1T°E
orTE
AR
beT'c
weef
s9z'E
6L7°€
062°€
£0°€
9s'E
£85°c
620t
290t
6125
THS'S
5659
5199
908'9
789
9002
€102
6107,
920",
0£0°L
£h0°L
860/
650°Z
SL0°L
280,
160°L
160,
b1/
19T,
1L
8T/
1L
weL
voTL—F
00€Z
81E,
s,
9eL
6£5L
b,
byl
88b/
6L
96+,
0152
£15°-
6557/
LLS°L-
£65°L-
£€9°/
€19/
569'/-
652L-
6LLL-
£78'/-
b8/
£50°8-
608

69C°ET—

B etti product

3a

B° 3

08’1
9y
c0'¢
T
€LT
8¢

LA SN

SET

Y

e
00°T

y

$0°T
T3
Leaa
95'8
81°6
8€Y
vl
or's
[40]
80°T
8€'¢C
L0°T

L B it

T o060

T 90c

10

11

12

13

14

15

16



/X444
9/¥'C
GES'C
$§S°¢C
[7A°N4
T119°¢—
wmo.m.\.
166°C
mmo.mW
€90°¢
880°¢
¢60°€

SHOY—

666’y —

995°9—
5989
mow.wV

w69
$56'9
£96'9

6b0°L
£90°/
1802
1012
€117,
602,
120,
bEz'L
5571
05E°L
£9g7/
LE'L
68¢/
€197
579'/-
859/
1297
90271
1204
9vs /]
0921
108/
£18'.-
88"/
1087

0L9°TT—

b “FI

HaCO l l OH

ol L

4a

Jo

01°¢
77

80T
=0t

=007

H’mo.ﬁ

0.5

11,5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

12.0



9T6'6¢—

T1cer—

1988 —

€68'09—

SECS9—

£26°00T—
9S0°STT

00€°LTT
C9S°LTT
omw.mﬂ/

8€9°0¢T

mmv.vmﬁ/
mmm.mﬁ/
Nom.omﬁ/

OPP'6GT

b “FI

HaCO l l OH

4a

R

|

"

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

190



000°0-—

6’y
6059
§S/L'94
99/°94
#6'9
9569
89691
hvo.hg
mmo.hg
680°
1021
86T°L
90¢'L
0€CL
L
00€£L
60€°L
weL
98¢,
99¢°L
8LE°L
9L
081",
€09°L
MHw.hl\
6+9°L
60L°L
€L
9L,
T1¢S'8—

P88 TT—

N"FI

Br !!OH

4h

I

0.0

e

).

A

S0°¢
PET

Frrt

=00'T

Fe60

2.5

0.5

1.5 1.0

2.0

3.0

3.5

125 12.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)



EP8'6C—

8CCEh—

¥0£'09—

6£C°S9—

wHo.R./

Ty Ll

68€°LTT
LL96TT
645011
6£€72T
USETT
PH8'STT 1
(9T°9T1
LbE9TT
69921
020°L2T
867°LTT
e LTt
89°LTT
LET°8TT
949'82T
99,°8¢1
508'8zT
T1£T°0€T
910 TET
86C'HET~_
£09°SET~
101°9c1~"
PETTHT
261817

PL6°THT
00£°€vT .\.

§99°9ST—

N"FI

Br !!OH

4h

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



000'0—

(86T
905°Z
875
0952~k

0197—
597/
020°E~_

9€0°€
190°€
880°¢
60T°€

L6y —
¥65°9
€€L9
€549
€¢6'9
6’9
0969
€50°2
oL
880°/L
90T,
wrL

80¢°L
1€,
oL
P8 L~S

€S L~
0s€',
695",
88€"/
90,
e
159,
/9L
969,
81,
9g/°/
85/°/
8//°(
118°2
9¢8°-
600°8-
cez'8
6528

P8 TT—

R

o8
Br

dc

.

N

A

S0°¢
aT

Fso1

00T

Foso |

2.5

0.0

0.5

1.5 1.0

2.0

3.0

40 3.5

4.5

12.0 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

12.5

3.0



86—

6CC ey —

S69'09—

LECS9—

€16'9L
omm.RW
me.R

SL5'9T17
8978111
269617 |
259021
£0£°T2T
S97'€TT
b/8'STT
£61°921
109°921
666921
107°L2T
YAValza
167821
8/9'8¢T
L8
L£8°8TT
91p'62T
ZST'0€T
9€8°0€T
L0E°TET~X
18761 —
S6THET
9c19c1~"
PITTHT
LT 7

P01
Dn.mvﬁ.\.

SCT9ST—

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

190



000°0-—

I1ST'S—

668'G—
96’9
6569
¥86'9
9669
600°L
6£0°L
1807

890
mmo.mw
160°L

0s¢’L
99¢°L
8/C°L
16,
we'L
SEL
ASI WA
18¢°L
€6€°L
Sov°L
SEV'L
'L
1S,
9Sh'L
Pov°L
SLyLA
€052+
9157/
€99°/+
£99°L
189/
L LA
veL LA
S08°/+
L18°/
1678
T7€°8-

€CETT—

N “Fl

HO

4d

0T
401

01

E00'T

€01

a1
kumo.ﬁ

T€0C
PT°T
m.ﬁN.m

H/mo.H
16T

=960 |

ﬁmo.ﬁ

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 1(;30( ')5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm

11.5



¢00°0E—

S8 —

0ST°'S9—
60€°/9—

8T0°/L

T iyt
va.mm.\

T00°611
1216111
685611
6596111
02,611
LE5°07T
££9°021
559221
8122211
621'STl
99z's71
8e8'szl
[16'S2T
6b€°9zT
180°9¢T
0£L'921
P ea
omw.&/
/57871~
0co'ger”
99T"bET
geS T
122°9€T—
ST THT
Nmm.::W
b0 THT
696°€HT

T108°¢ST—

N “Fl

HO

4d

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

190



000°0-—

160'S—

965'G—
[bG6—
£68°9
906°9
6169
Tb6°9
£v6°9
bS6'9
956'9
286'9
566°9
8E0L—F
050°Z
650°L
20'L
b80°L
80T°Z
0zTL
621,
87,
€9z,
Vel
pee's
el
65¢°L
1867/
88c/
b6E"L
00b"Z-
90t/
b/
599'/-
1297
109
b89°/
[12°¢
104
St/

6v8°0T—

N"‘FI

oH

oH

e

-

L

E9T°¢C
T

FvrT

=00'T

Fo90

=80T

90T
€0'T
60T
0€'T
68°0
e
=151
80T
91T
=90'C
Bpre

ﬁmw.o

3.0

0.(

0.5

2.0 1.5 1.0

2.5

10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

11.0



6¢6'6¢—

Tt —

S80°99—
#9899 —

0¢0°LL
OMN.RW
vy LL

260°STT
98/°61T
90Z°02T
829021
286121
125°S2T
9b'9zT
2519zt
616921
ppT 22T
902'82T
169'82T
mR.wNﬁW
ce8'8zT
6L0°ET —
650°9ET —
YO THT
mmEEW
ST0TT 7
b6 EhT \
918'EHT \

€LL°SPT

N"‘FI

oH

oH

e

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

190



Ww8'e—
656'€—

P8T'S—

6£9°'S—

SPS'9—

186'9
vmo.m/
omo.m/

oL

880
P0T°L
9IT'L

8€C’L
0s¢’L
0L,
16C°L
60€°L
VA2 WA
S6€°L
[44 A
[¥9°L
9/9°L
989°/L
S€LL

¢0°0T—

A

A

Feee

E/0'T

111

=o0ze |

E0ce

=00'T

=90'T

Foso

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.5



S96'6¢C—
1.6'Ch—

#5095~
8Gh'/S—

P0°39—
§86'99—

810°LL
OMN.RW
Ll

TO¥"C0T
NHo.mﬂ/
€8T°LTT
9/9°6TT
0€9°0¢T
JAVAT4!
9§¢°9CT
9/E°9CT
¢94°9CT
P10°LCT
[74WA4:
881°8¢T
819°8¢T
T¥9°8¢T
€69'8¢T
PCCYET
mom.omﬂ.ﬁ
COT' TP

SEP'0ST~
8LT'1ST-"

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

190



000'0—

|

Y W

=

<

et
EITT

E11T

=-00'T

=401

~~00'T
=0T

=680 |

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f6.(() )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm

11.5

1.0



¥68°6C—

958t —

5069 —
660°'/9—

PPT°00T ~
88C'T0T—

L9T°0TT—

$68°LTT~_
Y9611~
019°02T~"
01£'STT
am.@ﬁW
785971
£18°9CT
290°/TT
S€6°LTT
SzTset
[$9°87T
9€/°871
997'bET
8559€T
82L°0pT
PIT TPT

€0t
S0l
81G°8YT
§50°¢ST

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

190



000°0—

mmv.m/
025°C

Bm.NVr
¥29'7—
19977
SE0°E

6b0'e—>
6L0°€
060°€
483
€er'e
846'%1
185°91
££9°9-
£€69'9-
126'9
526'9-
£26'9
66'91
b6'9
656'91
£96°9-
190/ 1
590" 1
080°Z
¥80°L
260°L
560,
4192
0ET'L
vzl
LUT'L
88C'L
60,
S67°L
89€°L
oL
8€E'L
b8E'L
L8E°L
06€°L
00b°L
YOb'L
6THL
€L
Lb'L
SLS'L
¥8S'L
565°L
909°Z
$b9°L
€99/
€69°L
114
Ve IR
9L L
£08°L
78'L
79081
8081
589'8-
8v8'81
958'g-

—_—

—_— e

9¢8'TT—

G N"\Fl

g OH
4h

el
-
M

l

S8'T
JAa!

Fso1

10T

460
Fe01
L0'T
H\B.N
18°0
957
bT'T
860
b0'T
66'T
00’1
Ezot

Fse0

E20'T

WMH.H

65 60 55 50 45 40 35 30 25 20 15 1.0 05 0C
f1 (ppm)

11,5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0



§98'6C—

AUT Y —

¢8C°09—

T0€°39—

99G°/TT
TEL°6TT
112702t
897°ZZT
et
€88°52T
€00°92T
9£9'92T
£50°£TT
8yT°/ZT
$99°/CT
bSE'8TT
8€/'8TT
878'87T
8/8'87T
b6T"67T~&
629621~
099161~
bLEBET—
£s09e1"
160" THT
mh.::v.

660751/
wﬁo.mx\
SOT b1 \
267 LbT

0" 9ST—

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

190



000°0-—

885°6—

-
Fl

_

J

5.0

|

ELTT
Fe6ce

T

=007

EO0T'T

=760

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



TvS'0€E—

9S6'¢h—

S 19—
66C'S9—

905°8TT
9Th'6TT
887°0¢T
098°TeT
60b°STT
bSS'STT
140921
0£2'9¢T
L9t
0£6'9¢T
10L°L21
00¢'8TT
£57°82T
R 4
269'821
15°821
coz6e”
96€°SET
260067
T6€°8ET ~
90661~

28 OPT \
SSL°THT \
059°EbT \
0Eb"SPT
£05°8bT
v/ '1ST

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

20



VLU U-—

09v'
%v.m/
am.NW
SvST—
st
(29
0L0°€
280°€

EITeE—F
vvﬁ.m\n
pST'E

TS —

09—
€46'9
166'9

S0T°L
vers
JA4 WA
mwﬂ.m./.

88T L —
95t/
Szl
T0€°L
0esL
8eeL
1581
6L,
YO,
L
Tob'L
1152
€S,
155°2
0652
609°2 1
£29°/
9L
889°/-
90L'L-
526'
b6/
886'/-
£00°8-

A

A

WNO.H
90°C

Fort

Foct

Foot

E-66'0

H\.VH.N

ET10T

107
€6°0

2.5

0.5

1.5 1.0

2.0

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

9.5



90T'8¢—

1€ty —

045 T9—
SOTv9—

¢16'9L
omm.mm/
8YS'LL~

£98'91T
LET0TT
€08°021 1
585°€C1 1
20T H21
€8E'HTT
¥29'STT
RWrat
agzas
o' LTl
¥28' LT
6v6°£CT
99€°82T
98,°821
et
£80°0€T
957°0€T
EhLTET

£60°2€T V
969°bET

<08'beT
LE9°9€T

ors 61 /F
ms.::\

560°ChT

TEP' VST —

9§39 T—

-10

220 210 200 190 180 170 160 150 140 130 120 c %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



000'0—

0£0°S—

616'G—
1€6'9
0v6'9
SS0°Z
LL0°L
0T’
EE€TL
991°L
[4:1 W4
14T
oL
SS¢L
vLTL-FE
6L
S0€°L
8¢eL
8veL
S6€°L
€L
0¥,
VA A
165°L
609°L
v.9°L
69°L
8G/°L
LLLL
5908

N"FI

MH

S

Sa

[

For1
Feee

Frrt

=00'T

=0T

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

9.5



€00'8¢—

9/6'St—

6/5°09—

L16'89—

€EV'S0T —

9SLPIT—
€61°611T
98Y° T¢I
wmm.mmﬁﬂ
S98 VLT ~C
TT¥ 9T ~

JAX R4
9p9'8¢T
69/°8¢T
0TC6cT
o:.ﬁmﬁ.\
LLT'GET
[444]y!
OTTLET
S0S°/ET

S0L'8ET
P99°TH1

N"FI

MH

J

Sa

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

190



000°0-—

6052
91£C
[TET
SEET
6557~
UST-F
165°T
519°C
869°C
250°E~
190°c-F
6L0°€
860°€
90T'E

7805 —
£00°91
££8'91
058'9
£26'91
££6'91
0569
£20°L
00/
150°2
190"
180"
¥60°L
89T°L
1812
61°L
12T,
8€T’L
1572
092°L
UL
<87,

e L—F
mmm.m\n
eL
¥8€°L
L6€°L
€659°L
909°L
89°L
69°L
6¢L'L
wlL
008°L
0e8°L
[4: 94

F-sot
'1
Ms.m
060

F-sot

E00°T

Ev01

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5



¥69°CT—

9/8°0€—

0TT'vb—

8CE65—

LTP'S9—

68C°0TT—

0S6°€ETT—
LCC6TT

689°9t1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



000'0—

15
PhSy
bSSh
595y
895p
8Ly
665t
£98'y—
80691
51691
Sb6'91
£56'9
6969
8€0°L
150°Z1
€90/
180°Z
£60°/
POT'Z 7
sTL
PO,
UL
bSTL
L9TL
6LTL
£67°L
Y0,
STEL
TN
298,
gL
665'L-T.
:o.m\
9L
989/
869°L
0£0'8
T50'8
8908
180'8

8988 —

Eore

EaT

IVAN4

11

Ee¢oc

=007

66T
8T'T
T

=0T'T
60T

Free

801

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5



SLYT—

§98°0€—

Sty e —

08,85~
bSS 19~
958'59~_

8T0°/L
OMN.RW
Ty LL

b6L TIT—
602°6TT

me.oﬁ/
Hmtﬁ/
£88'SCT
b16'SCT

800°9ZT

£L0°9CT
011'92T
045921
0v9'92T
TSb 22T
198 221-f
8cT'8zT
Leese
sorseT
Sz29eT
bbS8eT |
00£°0vT
6/9'THT
[STPbT
bHEOpT
€€5°79T —

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

190



000°0-—

MH

5d

i

_A

e,

N

|

.

8.5

Fert
T
06°0

Fort

101
FcoT1

E00'T

=860

80T
BT
FvTt
FoCE
0€¢
S0°C

FO0T'T
/0

L0°T
v0'T

Foo1

4.5
f1 (ppm)

0.(

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0



990°0€E—

620"V —

omm.wm
va.wmv

60v'S9—

W TTT
0eT'STT
S/E6TT
98€°07T
Teb 0zt
s€z'zen
155°peT
569°SCT
ZeT°92T
(8T°9CT
29zt
598971
816°L2T
957821
bSE'8TT
1€5°82T
67671
GO8'HET
Nom.vaW
1Zrserz
667°LET
b9/ '8ET \
£/8°0bT \
606 THT
PhE'EbT
86641

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

190



000'0—

pE8Y—

1.

61

E-96'C

Foot

Fsot

8T'T
@HVN.H
9¢€'T
88°¢
L0°¢
e
ET'e

SE'T
60T
ET'T

860 [

F-o01

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5



S¢L0E—

0T0'bb—

P1C9S
hmm.wmv.
€8/°65—

9189 —

768011
899 TIT-\
8/5TTIT—
681411~
950°6TT~_
£/8°61T
8/6°6TT
mmiﬁ\
b95°2eT
88°STT
bE6'STT
666'STT
107°92T
Z61°921
LLT9TT
S6€°/TT
8£5°/TT
069°L2T
L6L°LTT
££8'87T
6/9°SET
£65°9€T
LbT8ET
bS/'6ET
855°0T
L66°THT
b8O" b T
8/5°9T
Ub6bT
1£9'6T

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

190



000'0—

10—
958°S
£aL9
T€L9
[47A°]
L9
969
0569
/569
0469
a90°L
990°L
LETL
Wi
S7AWA
06T°L
66T1°L
acs
JAYarA
6CC’L
WL
YL~
98¢’L
66C°L
L€l
0veL
aseL
Piv'L
9ev'L
T6V°L
vov'L
S09°Z
L19°L
£89°L
669°L
JASTAVA
69/°L
110'8

/11

F1ee

Fsrt

=00'T

=T10'T

0.0

0.5

1.5 1.0

2.0

4.0 3.5 3.0 2.5

4.5
f1 (ppm)

5.5 5.0

6.0

6.5

8.0 7.5 7.0

8.5



669°0€—

SvL e —

608'09—

€80'99—

€96°S0T—

918" TTT~_
L6211

POV LTT~C
69T°6TT~—
o€z’ ozt~
£e/L°STT
6/8°SCT
€v6°SCT
6TT°9CT
[422°4"
(p0°LTT
18¢°LCT
8SY'/CT
oTL’ /[T
vl [T
08¢
€€5°8¢T
PP9TCET
PCESET
PLT'6ET
PSS°0bT
LLS'TPT
42 iR 44!
L9€°9bT
4T

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

190



0000—

€8L'€—

00T°'S—

p68'S
518°9
6891
25691
956°91
950/ 1
bLTLA
981°.
00Z'Z1
STZ'LA
(et
7L
£87°L
962'L
€2€'L
9e€’L
8vE'L

€L
SEV'L
SSh'L
$09°L

119°L
Y89/~
969°L -
BE\
6LL°L

€90'8—

—

o

80T
Es81e

Far

=1CE

F00'T

E90°'T

0.C

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5



88°0E—

9L EY—

LT0°9S—
T¥8°09—

0€C°'S9—

Tv1T°00T—
90T —

P68 TTT~
88y CIT—"

960°8TT~_
L0£°6TT—
Lee0et"
98551
092521
808521
626'SCT
T6T°92T
0£5°92T
9TH' /T
108221
T8 /Tl
851821
65821
919'Z€T
bOE'GET
9T '6€T
29 0T
89 THT
918'bbT
b6b T
9T/°€ST

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

0



w6’ e—

T00°S—

0p6'S—

6689
8169
6’9
196'9

€502
990°L
181°L
oom.m/

81TL~\
9L —
682°L
20€°L
13594
5434
6EEL
€8y°L
105°L
asL
€65°L
9L
599°L
89
81LL
9eL'L
7s8°L
L8,
b8
299°8

N

M

F-co1
Frre

Fort

E€6'¢

N

E00T

€01

Ev60

Fo0¢
E-80'¢
e
Fvoe |
€0°¢
0T
wmmo.ﬂ
960
160

=460

0.C

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

9.5



[eL0E—

€8 —

§90°¢S—

9 09—

PIp'e9—

mHo.R./

Ll

890°TTT
6TE6TT
616611
b/T°02T
81€°0zT
£€6,'121
0L6°€TT
1Lven
097'SzT
0eL'sTT
LhL ST
ze6'seT
££0'921
(21921
TH1°927
895°9ZT
089" 22T ~E
868°LT1/
858'87T
£6£°SET~_
£68°8€T
oom.mﬂ%
£59°0T —
619'THT~
P
60951~

0v'89T—

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

190



000°0-—

401
Fs0c

Frm

960

E00'T

160

E-6°0

2.5

1.5 1.0 0.5 0.0

2.0

3.0

4.0 3.5

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0



269°0€—

¥80'vh—

T¢r'09—

695°59—

cT16'9L
CMN.RW
th.R

98E TTIT—

bSh'8TT /
SOT'6TT
ELY'611 W
104°02T —
st
1€5°SeT
£v9'STT
108°S2T
520°92T
92b'9T
865°9¢T
89°LT
vIL LTt
558°/2T
7z0'8eT
5218t
6ET°6CT
0Sb'SET
bST'8ET
THEOPT
0v9°0T
885 THT
WL THT
STEPbT
165'SbT

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

190



0000—

6V
wom.N%
oeT—
957~
oss'z/
/5T

90°€
mmo.m/.
SL07E~

€60°€
€0T'E
€20°9
998°G 1
€/8'91
£/8°9
88801
6891
6689 1
0691
806791
€169
€€6'9
T¥6'9
9%6'9
$56°9
0969
$96'9
8969
9/6°9
869
890°/L
oL
LL0°L
5802
160°L
66T1°L
90¢°L
4T
0ceL
9L
[4 XA
8€C’L
¥8¢°L
96¢°L
60€°L
Lee’L
0veL
aseL
uUeL
68€°L
L6€°L

o:\.m.\.
10582
805°/L
019,
w9’L
£(89°L
00£°L
8744
€SL°L
10¢°8

SN

A

A

1

Fer1
Foce

Fozt

E=00'T

07T

E20'T

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

8.5



ySL0E—

T18'eh—

€LL09—

Y0C'S9—

L10°LL
omm.RW
va.mm

€6€790T
1957901
S68°0TT
TZ0°TTT
PO8°TTI
0E6°TTT
Pob 81T
[44 N8
£9€°0¢T
[S7A°T4¢
19/°S¢t
680°9¢T
PP1°9CIT
8v5°9CT
695°9¢T
€09°2¢T
omwNNHW
986°LCT
Hmn.wmﬂ.\.
6v6"EET ~_
PEY'GET—
TERBET~_
CE90PT~
989" TP 1"
W PrT—
T ovT—"

S6/4'98T—~—
EPE8ST—

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

190



000°0-—

(86—

€585
7889
106°9-
876'91
££6'9
6v6'91
85691
69691
S90°ZA
bL0°L
€60°
860°L
06T'L
112,
L
0€T'L
0ST'L
Lzl
962'L
S0E°L
1L
vee'L
We'L
Th'L
6T,
9L
Sov'L
865'L
[19°L
199°L
989°L
s0L'L
oL
L'l
69T'8
0LT'8

—

D BN

ES11
Free

Fozt

=007

E80'T

5.0

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)

7.5 7.0 6.5 6.0 5.5

8.0

8.5



S¢L0E—

006'€h—

£69°09—

¢ee's9—

C16'9L
OMN.RW
th.R

THETIT—
Z61°8TT
mvm.mz/
THE0ZT~\"
680'TZT—
626'22T—"
12TSTI-F
Ve dRT4!
06L'STT
Vra%rat
£pT°9CT
095°9ZT
06€°£ZT
699°/ZT
016'£ZT
786'LTT
£18'87T
9GE"SET
98L'SET
£6£°8€T
9/9°0bT
09 THT
185 vHT
SET'ObT

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

190



0000—

1667 —
998'S 7
568'91
ST6'91
S¥6'91
5691
99691
b£6'91
58691
LL0°L
£80°L1
LT
96T°.
91z,
€2e'L
8ez'L
LET'L
SvT'L
0sz'L
szt
Vrall
€67,
€16/~
zee'L
Hmm.m\
9eb'L
SSb'L
Lyt
€8b'L
019°2
609'L
ey
969'L
asL
1€LL
0v6'L
EV6'L
86'L
280'8

i

L

e

|

Fosrr
Free

Fsrt

E00'T

10T

5.0

0.C

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

5.5

8.0 7.5 7.0 6.5 6.0

8.5



c0L0E—

P68 €y —

€89°09—

PEE'S9—

169,
omm.RW
NVmNm

TLL7CTT
omm.mﬂv
L9T°8TT
oom.mﬂ”
PSE0CT—
09CHCT~_
T¢S'SCT—¢
P/ ST
08°'S¢T
6€8°GCT
8/8°SCT
L1T°9CT
0/1°9¢T
£55°9CT
869°LCT
ST6°/¢CT
0v6'£CT
$20'8¢T
Ep8'8¢T
€EE'GET
PT0"9ET
YL 8ET
£99°0bT
SE9TPT
SPSvbT
980°9%T

il

NH

Brﬁ}

al

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

190



000°0—

Fort
Fore

Fse0

E00'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C

4.5
f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0

8.0

8.5



TLL0€E—

8 er—

cE€L09—

'S0 —

LT0°LL
OMN.RW
obb'LL

60EPTT
S0C9TT
$99°8TT
8PE'6TT
16€°0CT
£96°CCT
€00°€CT
L61°SCT
£6€°SCT
869°GCT
£08°SCT
Y0T°9¢T
STANCTA
895°9¢T

099°£¢1
9T6°'LCT
9¢6°LTT

010821
Y0821

0LE°SET~_
657°8ET

L0681\
$S9"0bT —
291"
P19 bhT—
60291~

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

190



z1eT
92T
LE€7T
0S€'T
ez
1052
25T
8hS T~
82“
659'
96T
96T
S00°€
620°€
9%0'E

996°p
018'S
2689
158'9
9/89
€88'9
1689
169
069
2569
6569
1£6'9
010,
£€10°L
020°L
€0T°L
901,
@
obTL
WL
ST,
[ST'L
€T,
uUTL
681°L
€1eL
el
0€Z'L
we'L
s
UTL-¥
N
WS,
bbSL
556°L
295,
£€19°2
€9,
b9,
£€69°L
116,
26,
156,
6L
T61'8
b61'8
£€0C'8
902'8

|

Foect
Fepe

Feet

=00'T

Feet

3.0

0.0

0.5

1.0

1.5

2.0

2.5

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



E8’0E—

/(8 —

180 19—

9€€°89—

wHo.R./

(0] Xy
ﬁvv.mm.\

796'STT
STTLIT %
bL6'BTI"
8TH6TT—
Lov0zt "
LITSTI~,
£65'STT~F
618°STT
A4l
65T°9¢T
£09°92T
89b°/TT
656°LTT
b96°LTT
061°82T
91/°8¢T
LT 0T
69€°SET
b6/ 8ET
8E/ 0T
919°THT
LEV'EPT
£95 bbT
S80°9bT
596'6bT

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

190



692°C
1822
862°C
01e'e
SV.N/
bbb
braTX
WSz,
985°
200°€
020°€
9g0°€
8b0'€
090°€
9L0°€
160°€

T€6'v—

6/8'G—
b£6'9
£56'9
1269
000°Z
€002
020°,
8€0°,
0v0'L
80",
60",
0T,
STTL
T2rL
1STL
8T,
96T,
907,
e
(STt
a
€67,
615,
L£5'L
795/
185
019°2
029°2
9291
689°
80,
6L
607
€187/
818° ]
9687,

=

=
5
]

H/.NH.H
88T
IT°€

Foot

E00T

E-86'0

90°'T

Ecre
Wmm.m

€02
S0'T
00T
66'T
60'T
50T
66°0

b

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

9.5

1.0



8EL7CT—

89T TE—

8bb'Eh—

9T1S'65—

1SC°S99—

SS9°0TT—
88ECTIT—
69€°6TT

S/9°611 /
05°0¢T v
£86°0CT

P/(8'TCT *
S6v°ECT

€L4°STT
8v6°GCT
6£L°9CT
8€9°/TT
T¢0'8¢T
990°8¢T
¢65°6¢CT
S6EVET
CET'9ET
0T9°0vT
LY TET
8Y/L THT
LS EVT
€0EPPT
600°9tT
£6S°9bT

T

=
5
]

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

190



000'0—

SE6'v—

8/8'G—

SLT9—

088’97
¥66'9
S10°Z

/80°L
moﬁ.m/
e~
€17/
ST,
651°L
891°/
1L
LTl
16172
100,
0ez'L
et
s
062
e
11572
9e5°/ 4
809/
929°/
/89
902
1927/
08z
518'

Jo

E-68'C

E6C

Fo01

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

9.5

).0



S69°CT—

Or0E—

06T vr—

886'SS
Ro.omv.
G/8'86~"

98p°'G9—

192°0TT
L90TTT-S
e TIT
e et
POTETT~_
9SH'6TT—=
ecc0e1 ]
0LE'TTT
bb6'STT
9£0°92T
055921
e Yra!
SbL LTt
190°L2T
LT
£b9'TET
b9/ €€ T
£98'SET
£€5°0pT
S0 THT
96T
ObL 9T
LT LbT
L6€°LbT

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

00



000'0—

Y96’y —

ShL'G—
UT'9—

£55'9—
2089
£96'9
me.@/
0£0'L—
i
0L0°L
160°L
60T,
[erL
(et
ovTL
Y7L
uTL
62,
see's
bSEL
€L
Shb'L
Yob'L
0S9°Z
899'L
T0L'L
wL
reLL
WLL
06€'8

N“FI

ZNH

5q

JLMMM 1 A.Mﬂ

o611
Feee

Feet

E00'T

/0T

860 |

Fse0

2.5

1.5 1.0 0.5 0.0

2.0

3.0

4.0 3.5

5.0 4.5
f1 (ppm)

5.5

6.0

9.0 8.5 8.0 7.5 7.0 6.5

9.5

).0



LEE0E—

PECEY—

65T 19—
95’389 —

1169
QMN.RW
NVm.R

YELL0T—
PPSOTT—

SH9'QTT
095°'6TT AS
weoan”
150°STT~_
6£0'9¢T —¢
8/£°921
695921
62921
9% LTT
60821
911821
09€°82T
918'82T
LTTET
T162'SET
€68°LET
688°0T
595 THT
YT bbT
S64°ST

N“FI

ZNH

5q

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

190



000°0~
SL0°0—

69%°C
VA4
p6v'C
8v5°¢C
895°¢C
£85°C
0C9¢—
mvw.m.\.
90'€
mmo.mV.
(ZAIRS
€60°€
aT'e

6C0°'S—
€899
€589
998'9
9€6'9
6v6'9
1969
SS0°Z
£90°L
980°L
860°L
01T°L

87T'L
ovm.m/
692,
me.mw.
€67,
8bE'L
09€Z
€L
98c,
96€L
8b°L
b6bL
£05°L
££9°/
bb9'L
89,
169°2
85/°L
0/LLA
UL LA
€8/
€48/
058"/
558/
598/
€562
0461
£90°8
690°8-
Obb'8-
bSb'8-
18 TT—

2Fl

Oy

=00'T

T0°T

YT

40 35 30 25 20 15 1.0 05 0.0

4.5

6.0 55 50

6.5
f1 (ppm)

125 120 115 110 105 100 95 90 85 80 75 7.0

13.0



Tv6'6C—

6LT '€ —

88/°09—

LLCS9—

2081
869'611
065°021 -
865°021
560'2211
6965211
€8€'91 1
009'92T
106'9CT 1
VA ra;
Vealea:
b62'L2T
8sE"LaT
ra;
2€6°L
(87821
819'87T
VA
€981
160'62T ~%
582621/
S9'0ET

omm.mmﬁ\
on.vaH\

SEL'GET
GES'OET
6€0°THT
YT TP
9SH'THT
€80°¢chT
€56°EPT
T¥6'SST—

2Fl

Oy

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

190



0000—

188°¢C
068°¢C
868°¢C
806°¢C
LT67C
§C6°¢C
G86°C
966°C
900°€
¥e0'€
€e0’€
80°€
160°€
€01°€
T11°¢e
SIT'E
&re
0s¢'e
8§¢C°€
89¢C°€
6/C°E
88¢’°¢

e Nk

E=00'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5



vL9'6C—

06 Ty —

r6'eS—

mHo.R./

NE\R.\

LO0STTT~

1SC°6TT
S09°6TT
¢/86TT
peecet
Nmm.vmﬁy
¢mm.mNH./.
C6v" 9T~

PTT'8T—
1er6e1

LPTSET~C
1SL°9€T—
890°8€T~"

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



000°0—

I

T Y N

|

5.5

F96'C

E-8C'T

Fsve
16T

=00'T

o
o

F-880

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

5.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5



09¢¢T—

06C°0E—

89/ €y —

PI6'€S—

c16'9L
QMN.RW
th.R

88E°0TT—

€6EPIT—

S8T'6TT~_
bZS6TT—
ssr 1T
921921
E.oNHW
59'LT
bE0'62T
75T EET—
€6E°SET
6bSSET
66851

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

190



000'0—

L

00T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5



STAWAR
L6E°6TT
[44 T4
mvv.mmﬁ/
omﬁmmﬁ/
¢mm.©mﬁ/
ATV
mno.mNHV
mmm.mmﬁ.\.
18€°8¢CT
6¥'8¢T
L16'8CT
PPO'TET
96T'TET
8GC'EET
0LC°LET
P08°THT

0£S°€ST—
16G°LST—

|

lil

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

190



0000—

6TP'E—

i

M

O

A

13

E8T°¢

=00'T

=660 |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0
f1 (ppm)

6.0 5.5

6.5

8.0 7.5 7.0

8.5

9.0

9.5



#8055 —

029'v0T—

0SS°STT
oww.wﬂ/
wwm.wﬂ/

T20TCT

va.vmﬁ/
mmm.mmﬁ/
mov.mNH/
900°8¢T
ovw.wNHV
626'6CT—F
omm.omﬁ\.
CC0'TET
TEPPET

TTELET
86 THT —

S8EYST~
92L ST~
£97°85T—

=

=M

hAoes

13

ol

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

)0



