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1. General information

All reagents and metal catalysts were obtained from commercial sources without fur-
ther purification. Analytical thin layer chromatography (TLC) was performed on
precoated silica plates. Yields of the products refer to purification by silica-gel col-
umn chromatography. Silica gel 60H (200-300 mesh) manufactured by Qingdao
Haiyang Chemical Group Co. (China) was used for general chromatography. IR spec-
tra were recorded on a Nicolet IS-10 Fourier transform infrared spectrometer. Mass
spectra were recorded with an TSQ Quantum-LC/MS/MS of Finnigan using Elec-
trospray ionization (ESI) techniques. 'H and ’C NMR spectra were recorded with a
Bruker AV-300 and AV-400 spectrometer operating at 300MHz/400MHz and
75MHz/101MHz, respectively, with chemical shift values being reported in ppm rela-
tive to chloroform (8=7.26 ppm) for '"H NMR, and chloroform (8=77.16 ppm) for *C
NMR.
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2. General procedure for synthesis of the starting materials

Cl R'_\ N
N AL NaH, DMF AN
R + NN o
N | 130°C, 24h N
\!
H \) N\\)

NaH (60% dispersion in mineral oil, 300 mg, 7.5 mmol) was added in portions at 0 °C
to a stirred solution of indole (5.0 mmol) in DMF (5 mL). After stirring for 30 min at
0 °C, 2-chloropyrimidine (687.18 g, 6.0 mmol) was added and the mixture was stirred
at 130 °C for 24 h. Then, the reaction mixture was cooled to ambient temperature,
poured into H,O (50 mL) and extracted with EtOAc (4%x30 mL). The combined or-
ganic phase was dried over Na,SO4. After filtration and evaporation of the solvents
under reduced pressure, the crude product was purified by column chromatography on
silica gel to get the corresponding product. The spectral data of the starting materials
were in accordance with those reported in the literature'.

o8

1-(Pyrimidin-2-yl)-1H-indole (1a): white solid. '"H NMR (300 MHz, CDCI3) & 8.83
(d, J=8.3 Hz, 1H), 8.70 (d, ] = 4.8 Hz, 2H), 8.29 (d, ] = 3.7 Hz, 1H), 7.64 (d, ] = 7.7
Hz, 1H), 7.42 — 7.31 (m, 1H), 7.30 — 7.22 (m, 1H), 7.04 (t, ] = 4.8 Hz, 1H), 6.72 (d, J
=3.6 Hz, 1H).

o

4-Methyl-1-(pyrimidin-2-yl)-1H-indole (1b): white solid. 'H NMR (300 MHz,
CDCI3) 6 8.70 (d, J = 4.7 Hz, 2H), 8.65 (d, J = 8.4 Hz, 1H), 8.27 (d, ] = 3.7 Hz, 1H),
7.26 (d,J =15.6 Hz, 1H), 7.05 (dd, J =7.9, 2.6 Hz, 2H), 6.75 (d, J = 3.7 Hz, 1H), 2.58
(s, 3H).

OCH,Ph

N
N

2-Chloro-1-(pyrimidin-2-yl)-1H-indole (1c¢): light purple solid. 'H NMR (300 MHz,
CDCI3) 6 8.70 (d, J = 4.8 Hz, 2H), 8.43 (d, J = 8.4 Hz, 1H), 8.20 (d, J = 3.7 Hz, 1H),

7.53 (d, J = 7.3 Hz, 2H), 7.46 — 7.31 (m, 3H), 7.25 (t, J = 8.2 Hz, 1H), 7.05 (t, ] = 4.8
Hz, 1H), 6.90 (dd, J = 3.6, 0.5 Hz, 1H), 6.76 (d, J = 7.9 Hz, 1H), 5.25 (s, 2H).
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4-Fluoro-1-(pyrimidin-2-yl)-1H-indole (1d): white solid. '"H NMR (300 MHz,
CDCI3) 6 8.72 (d, J = 4.8 Hz, 2H), 8.60 (d, J = 8.4 Hz, 1H), 8.26 (d, J = 3.7 Hz, 1H),
7.32 —7.22 (m, 1H), 7.09 (t, ] = 4.8 Hz, 1H), 6.93 (dd, J = 9.4, 8.3 Hz, 1H), 6.85 —
6.77 (d, 1H).

Br

o

4-Bromo-1-(pyrimidin-2-yl)-1H-indole (le): white solid. 'H NMR (300 MHz,
CDCI3) 6 8.78 (s, 1H), 8.67 (d, ] = 4.8 Hz, 2H), 8.32 (d, J = 3.7 Hz, 1H), 7.41 (dd, J =
7.7, 0.6 Hz, 1H), 7.20 (t, J = 8.1 Hz, 1H), 7.05 (t, J = 4.8 Hz, 1H), 6.81 — 6.72 (m,
1H).

o

N

5-Methyl-1-(pyrimidin-2-yl)-1H-indole (1f): orange solid. 'H NMR (300 MHz,
CDCI3) 5 8.68 (t, J = 6.6 Hz, 3H), 8.23 (d, J = 3.6 Hz, 1H), 7.41 (s, 1H), 7.16 (d, J =
8.4 Hz, 1H), 7.03 (t, J = 4.7 Hz, 1H), 6.63 (d, J = 3.6 Hz, 1H), 2.48 (s, 3H).

MeOm
N

)
5-Methoxy-1-(pyrimidin-2-yl)-1H-indole (1g): white solid. '"H NMR (300 MHz,
CDCI3) 8 8.69 (t, J = 6.5 Hz, 3H), 8.25 (d, J = 3.6 Hz, 1H), 7.10 (d, J = 2.5 Hz, 1H),
7.03 (t, ] =4.8 Hz, 1H), 7.00 — 6.93 (m, 1H), 6.64 (d, J = 3.6 Hz, 1H), 3.89 (s, 3H).

MeO,C
SN
N
Methyl 1-(pyrimidin-2-yl)-1H-indole-5-carboxylate (1h): white solid. "H NMR
(300 MHz, CDCI3) 6 8.85 (d, J = 8.8 Hz, 1H), 8.75 (d, J = 4.8 Hz, 2H), 8.36 (dd, J =

5.8, 2.4 Hz, 2H), 8.04 (dd, J = 8.8, 1.7 Hz, 1H), 7.12 (t, J = 4.8 Hz, 1H), 6.78 (d, ] =
3.2 Hz, 1H), 3.96 (s, 3H).

%

\7/2
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1-(Pyrimidin-2-yl)-1H-indole-5-carbonitrile (1i): white solid. 'H NMR (300 MHz,
CDCI3) 6 8.93 (d, J = 8.8 Hz, 1H), 8.76 (d, ] = 4.8 Hz, 2H), 8.41 (d, J = 3.7 Hz, 1H),
7.97 (d, J=0.9 Hz, 1H), 7.58 (dd, J = 8.7, 1.5 Hz, 1H), 7.16 (t, ] = 4.8 Hz, 1H), 6.77
(d, J=3.7 Hz, 1H).

OoN
O
N
5-Nitro-1-(pyrimidin-2-yl)-1H-indole (1j): yellow solid. 'H NMR (300 MHz,
CDCI3) 6 8.94 (d, ] =9.2 Hz, 1H), 8.78 (d, ] = 4.8 Hz, 2H), 8.56 (d, ] = 2.2 Hz, 1H),

8.45 (d, J = 3.7 Hz, 1H), 8.23 (dd, J = 9.2, 2.3 Hz, 1H), 7.19 (t, J = 4.8 Hz, 1H), 6.86
(d, J=3.6 Hz, 1H).

F
O
N
5-Fluoro-1-(pyrimidin-2-yl)-1H-indole (1k): yellow solid. '"H NMR (300 MHz,
CDCI3) 6 8.83 —8.61 (m, 3H), 8.32 (d, J =3.6 Hz, 1H), 7.27 (dd, J = 8.3, 3.1 Hz, 1H),
7.07 (dd, J = 6.5, 3.0 Hz, 2H), 6.66 (d, J = 3.6 Hz, 1H).

Cl
R
N
5-Chloro-1-(pyrimidin-2-yl)-1H-indole (1I): white solid. 'H NMR (300 MHz,
CDCI3) 6 8.73 (dd, J=11.5, 6.8 Hz, 3H), 8.30 (d, J = 3.6 Hz, 1H), 7.59 (d, J = 2.0 Hz,
1H), 7.38 — 7.26 (m, 1H), 7.08 (t, J = 4.8 Hz, 1H), 6.64 (d, J = 3.6 Hz, 1H).

Br
o
N
5-Bromo-1-(pyrimidin-2-yl)-1H-indole (1m): white solid. 'H NMR (300 MHz,

CDCI3) 5 8.76 — 8.61 (m, 3H), 8.28 (d, J = 3.7 Hz, 1H), 7.74 (d, J = 1.9 Hz, 1H), 7.42
(dd, J=8.9, 1.9 Hz, 1H), 7.08 (t, J = 4.8 Hz, 1H), 6.64 (d, ] = 3.7 Hz, 1H).
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5-Iodo-1-(pyrimidin-2-yl)-1H-indole (1n): brown solid. 'H NMR (300 MHz, CDCI3)

58.71 (d, J = 4.8 Hz, 2H), 8.59 (d, J = 8.8 Hz, 1H), 8.25 (d, J = 3.6 Hz, 1H), 7.96 (s,
1H), 7.59 (d, J = 10.3 Hz, 1H), 7.09 (t, ] = 4.8 Hz, 1H), 6.63 (d, J = 3.5 Hz, 1H).

R

N

6-Fluoro-1-(pyrimidin-2-yl)-1H-indole (10): yellow solid. '"H NMR (300 MHz,
CDCI3) 6 8.72 (d, J = 4.8 Hz, 2H), 8.59 (dd, J = 11.1, 2.3 Hz, 1H), 8.26 (d, J = 3.7 Hz,
1H), 7.53 (dd, J = 8.6, 5.6 Hz, 1H), 7.08 (t, J = 4.8 Hz, 1H), 7.01 (d, J = 2.3 Hz, 1H),
6.68 (d, J=3.5 Hz, 1H).

0

N

6-Chloro-1-(pyrimidin-2-yl)-1H-indole (1p): orange solid. 'H NMR (300 MHz,
CDCI3) 6 8.89 (d, J = 1.5 Hz, 1H), 8.72 (d, ] = 4.8 Hz, 2H), 8.27 (d, ] = 3.7 Hz, 1H),
7.53 (d, J = 8.4 Hz, 1H), 7.22 (dd, J = 8.4, 1.9 Hz, 1H), 7.09 (t, ] = 4.8 Hz, 1H), 6.67
(d, J=3.7 Hz, 1H).

N
N
7-Methyl-1-(pyrimidin-2-yl)-1H-indole (1q): yellow oil. 'H NMR (300 MHz,

CDCI3) 5 8.76 (d, J = 4.7 Hz, 2H), 7.80 (d, J = 3.5 Hz, 1H), 7.50 (d, J = 7.3 Hz, 1H),
7.22 - 7.06 (m, 3H), 6.72 (d, J = 3.5 Hz, 1H), 2.42 (s, 3H).

F

Cl
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3. General procedure for the C-H chlorination reaction and charac-
terizations of products

Optimization studies ( Table 1S )

la (0.2 mmol), catalyst, chloride (bromine or iodide), additives and solvent were
combined under air in a high pressure tube. After sealing the tube, the mixture was
stirred at the required temperature for 12h. The reaction was cooled to room tempera-
ture, filtered through a pad of silica gel and washed with 100mL 50% EtOAc/ petro-
leum ether. The solvents were removed under reduced pressure and the crude yield
was measured by NMR.

Table 1S. Optimization studies for C—2 chlorination of indole

N _conditions _
Q L)
2a 3a

Z /ix

)/\N 12h N)\N
k) X=Cl, Br, | @
1a 4a

Entry  Conditions® Yield(%)P of 2a/3a/4a
1 Pd(OAc), (5 %), NCS (1.1 eq), AcOH, 120°C 0/3/92
2 Pd(OAc), (10 %), NCS (1.1 eq), DCE, 100°C 0/12/75
3 Pd(OAc), (10 %), NCS (1.1 eq), MeCN, 100°C 017177
4  Pd(OAc), (10 %), LiCl (2 eq), K»S,05 (2 eq), AcOH, 120°C 0/15/0
5 Pd(OAc), (10 %), LiCl (2 eq), NalO3 (2 eq), AcOH, 120°C 0/5/14
6 Pd(OAc), (10 %), LiCl (2 eq), PIDA (2 eq), AcOH, 120°C 0/8/25
7 Pd(OAc); (10 %), CuCl, (2 eq), Cu(OAc), (2 eq), DCE, 100°C  70/12/0
8 CuCl, (2 eq), Cu(OAc), (2 eq), DCE, 100°C 79/10/0
9 CuCl, (2 eq), DCE, 100°C 0/18/46
10 NaCl (2 eq), Cu(OAc), (2 eq), DCE, 100°C n.r.
11 KCI (2 eq), Cu(OAc), (2 eq), DCE, 100°C n.r.
12 CsClI (2 eq), Cu(OAc), (2 eq), DCE, 100°C n.r.
13 NH,4CI (2 eq), Cu(OAc), (2 eq), DCE, 100°C 21/0/0
14 BuyNCI (2 eq), Cu(OAc), (2 eq), DCE, 100°C 36/0/0
15 CuCl, (2 eq), Cu(OAc), (1.5 eq), DCE, 100°C 73/14/0
16 CuCl, (2 eq), Cu(OAc), (1 eq), DCE, 100°C 62/23/0
17 CuCl, (1.5 eq), Cu(OAc), (2 eq), DCE, 100°C 65/7/0
18 CuCl, (1 eq), Cu(OAc), (2 eq), DCE, 100°C 53/6/0
19 Cu(OAc), (2 eq), CuCl, (2 eq), toluene, 120°C 69/12/0
20 Cu(OAc); (2 eq), CuCl, (2 eq), HOAc, 120°C 42/0/0
21 Cu(OAc); (2 eq), CuCl, (2 eq), MeCN, 100°C 56/0/0
22 Cu(OAc), (2 eq), CuCl, (2 eq), HOAc(1 eq), DCE, 100°C 69/13/0
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23 Cu(OAc), (2 eq), LiCl (4 eq), DCE, 100°C 24/0/0

24 Cu(OAc), (2 eq), LiCI (2 eq), HOAc, 120°C trace//trace/0
25 Cu(NOs3), * 3H,0 (2 eq), LiCl (3 eq), HOAc, 120°C trace//trace/0
26 Cu(OAc), (2 eq), CuCl, (2 eq), DCE, 80°C 78/10/0

27 Cu(OAc), (2 eq), CuBr, (2 eq), DCE, 100°C 0/28/57

28 Cu(OAc), (2 eq), CuBr, (1.5 eq), DCE, 100°C 0/16/42

29 Cu(OAc), (2 eq), Cul (2 eq), DCE, 100°C n.r.

30 Cu(OAc), (2 eq), I, (2 eq), DCE, 100°C 0/24/58

31 Cu(OAc), (2 eq), LiBr (2 eq), DCE, 100°C 0/8/35

32 Cu(OAc), (2 eq), KF (2 eq), DCE, 100°C n.r.

33 Cu(OAc), (2 eq), AgF (2 eq), DCE, 100°C n.r.

[a] Reaction conditions: 1a (0.2 mmol), catalyst, chloride (bromine or iodide) source and additives
as specified, solvent (0.4M), 12h. [b] Determined by 'H NMR spectroscopy. n.r. = no reaction.

General procedure for C—2 chlorination of indoles:

R'—\ A Cu(OAc), (2.0 eq) Rm(ﬂ
AN CuCl, (2.0 eq) AN
N),\N DCE, 100°C, 24h N)\N
< )
1 2

The mixture of Cu(OAc), (72.65 mg, 0.4 mmol), CuCl, (53.78 mg, 0.4 mmol), sub-
strate 1 (0.2 mmol) and DCE (1 mL) were added under air to a high pressure tube (35
mL). After sealing the tube, the mixture was stirred at 100 °C for 24 h. After cooling
to room temperature, the mixture was evaporated under reduced pressure to remove
the solvents and then purified directly via chromatography on silica gel with 3%
EtOAc/ petroleum ether to provide the corresponding product 2. Furthermore, Some
were purified by preparative thin-layer chromatography.

Synthesis 2,3-dichloroindole using excess NCS:

Cl
A\ N cl
N NCS (3.0 eq) N
N@ AcOH, 120°C, 5h N@
1a 3a

Substrate 1a (0.1 mmol), NCS (40.10 mg, 0.3 mmol) and AcOH (1 mL) were com-
bined under air to a high pressure tube. After sealing the tube, the mixture was stirred
at 120 °C for 5 h. After cooling to ambient temperature, the reaction mixture was
washed with NaHCO; (80 mL) and extracted with EtOAc (2x40 mL). Then the com-
bined organic phase was dried over Na,SO4. After filtration and evaporation of the
solvents under reduced pressure, the crude product was purified by silica gel column
(3% EtOAc/ petroleum ether) to give the product 3a (Yield: 47%).

S7



The two step synthesis of 2,3-chloroindoles:

cl cl
TN NN Cu(OAc), (2.0 eq) I\
R NCS (1.1eq) R CuCh20eq) "< cl
N Acon, 120°C N el N
J-n ACOH. 120°C, Sh >N DCE, 100°C, 12h SN
N” N™ N
) ) )
1 4 3

The mixture of NCS (58.75 mg, 0.44 mmol), substrate 1 (0.4 mmol) and AcOH (2 mL)
were added under air to a high pressure tube. After sealing the tube, the mixture was
stirred at 120 °C for 5h. The resulting mixture was cooled to room temperature, evap-
orated under reduced pressure to remove the solvents and then silica gel column di-
rectly (3% EtOAc/ petroleum ether) to give the product 4. Then, the general proce-
dure for C—2 chlorination of indoles was followed to give the desired product 3.

Synthesis of 3-bromo-2-chloroindoles:

Br Br
@ ©\/§ Cu(OAc), (2.0 eq) m -
N CuBry (2.0eq) N CuCl, (2.0 eq) N
N)\N DCE, 100°C, 5h N)\N DCE, 100°C, 12h N)/\N
- - ‘
1a 4a' 3a'

Substrate 1a (78.0 mg, 0.4 mmol), CuBr, (178.68 mg, 0.8 mmol) and DCE (2 mL)
were combined under air in a high pressure tube. Then sealing the tube and the mix-
ture were stirred at 100°C for 5 h. After cooling to ambient temperature and evapora-
tion, the mixture was purified directly by silica gel column (3% EtOAc/ petroleum
ether) to give the product 4a’ (Yield: 53%). Then, following the general procedure for
C—-2 chlorination of indoles to give the desired product 3a’ (Yield: 94%).

Synthesis of 2-chloro-3-iodoindoles:
| |

m l, (1.0 eq) ©\/\g Cu(OAc), (2.0 eq) m -
N Cu(OAc), (2.0 eq) N CuCl,(2.0eq) N

J~N  DCE, 100°C, 5h )N DCE, 100°C, 12h 2N

)
all

) A
1a 4a" 3

Substrate 1a (78.0 mg, 0.4 mmol), I, (101.52 mg, 0.4 mmol), Cu(OAc), (145.3 mg,
0.8 mmol) and DCE (2 mL) were combined under air in a high pressure tube. Then
sealing the tube and the mixture were stirred at 100°C for 5 h. After cooling to ambi-
ent temperature and evaporation, the mixture was purified directly by silica gel col-
umn (3% EtOAc/ petroleum ether) to give the product 4a” (Yield: 42%). Then, fol-
lowing the general procedure for C—2 chlorination of indoles to give the desired
product 3a” (Yield: 98%).
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2-Chloro-1-(pyrimidin-2-yl)-1H-indole (2a): 12h, Yield 80%, white solid. '"H NMR
(300 MHz, CDCI3) & 8.89 (d, J = 4.8 Hz, 2H), 7.98 (d, J = 7.9 Hz, 1H), 7.55 (dd, J =
7.3, 1.0 Hz, 1H), 7.33 — 7.17 (m, 3H), 6.70 (d, J = 0.4 Hz, 1H). °C NMR (75 MHz,
CDCI3) o 158.11, 156.15, 135.77, 127.39, 124.33, 123.11, 121.97, 119.51, 118.08,
112.30, 106.09. IR (neat): 2917, 1562, 1522, 1446, 1415, 1342, 1308, 1207, 790, 744,
627. HRMS (ESI) calcd. for C;,HgCINj3: 229.0407. Found: 229.0403.

2-Chloro-4-methyl-1-(pyrimidin-2-yl)-1H-indole (2b): Yield 73%, pale yellow sol-
id. "H NMR (300 MHz, CDCI3) & 8.89 (d, J = 4.8 Hz, 2H), 7.80 (d, J = 8.4 Hz, 1H),
7.28 (t, J =4.9 Hz, 1H), 7.20 — 7.13 (m, 1H), 7.02 (d, J = 7.3 Hz, 1H), 6.73 (s, 1H),
2.53 (s, 3H). °C NMR (75 MHz, CDCI3) § 158.10, 156.23, 135.54, 128.93, 127.11,
123.62, 123.17, 122.25, 118.05, 109.78, 104.67, 18.18. IR (neat): 2920, 1562, 1523,
1412, 1341, 1311, 1221, 1158, 1076, 818, 765, 732, 626. HRMS (ESI) calcd. for
Ci3HioCIN3: 243.0563. Found: 243.0567.

OCH,Ph

N—cl
N

4-Benzyloxy-2-chloro-1-(pyrimidin-2-yl)-1H-indole (2¢): Yield 70%, white solid.
'H NMR (300 MHz, CDCI3) & 8.89 (d, J = 4.8 Hz, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.50
(d, J = 7.2 Hz, 2H), 7.46 — 7.33 (m, 3H), 7.30 (t, J = 4.9 Hz, 1H), 7.16 (t, ] = 8.2 Hz,
1H), 6.88 (s, 1H), 6.71 (d, J = 7.9 Hz, 1H), 5.22 (s, 3H). °*C NMR (75 MHz, CDCI3)
8 158.10, 156.27, 150.91, 137.06, 136.83, 128.15, 127.48, 126.94, 123.83, 122.57,
118.37, 118.11, 105.72, 103.59, 103.53, 69.69. IR (neat): 2925, 1564, 1488, 1434,
1378, 1349, 1272, 1223, 1072, 1013, 766, 736, 696. HRMS (ESI) calcd. for
C1oH14CINO: 335.0825. Found: 335.0828.

F

—

N
2-Chloro-4-fluoro-1-(pyrimidin-2-yl)-1H-indole (2d): Yield 98%, white solid. 'H
NMR (300 MHz, CDCI3) 6 8.88 (d, J =4.8 Hz, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.29 (4,
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J=48 Hz, 1H), 7.17 (dd, ] = 13.6, 8.1 Hz, 1H), 6.90 (t, ] = 8.9 Hz, 1H), 6.79 (s, 1H).
>C NMR (75 MHz, CDCI3) o 158.19, 156.27, 156.03, 152.99, 137.86, 137.72,
124.44, 123.64, 123.54, 118.46, 116.66, 116.35, 108.42, 107.11, 106.86, 101.63. IR
(neat): 1567, 1529, 1490, 1436, 1343, 1218, 1044, 996, 869, 817, 759, 734, 624, 595.
HRMS (ESI) calcd. for C,H;CIFN;: 247.0313. Found: 247.0317.

Br

N

4-Bromo-2-chloro-1-(pyrimidin-2-yl)-1H-indole (2¢): Yield 99%, pale yellow solid.
'H NMR (300 MHz, CDCI3) § 8.90 (d, J = 4.8 Hz, 2H), 7.90 (d, J = 8.4 Hz, 1H), 7.38
(d, T=7.7Hz, 1H), 7.33 (t, ] = 4.8 Hz, 1H), 7.12 (t, ] = 8.1 Hz, 1H), 6.78 (s, 1H). °C
NMR (75 MHz, CDCI3) & 158.21, 155.91, 135.88, 128.12, 125.32, 124.82, 123.95,
118.51, 113.10, 111.50, 105.91. IR (neat): 2922, 1569, 1525, 1417, 1337, 1314, 1233,
1165, 1076, 926, 804, 756, 686, 636, 599, 570. HRMS (ESI) calcd. for C;,H7BrCIN;:
306.9512. Found: 306.9516.

m0|
N
2-Chloro-5-methyl-1-(pyrimidin-2-yl)-1H-indole (2f): Yield 76%, white solid. 'H
NMR (300 MHz, CDCI13) 6 8.87 (d, J = 4.8 Hz, 2H), 7.88 (d, J = 8.5 Hz, 1H), 7.33 (s,
1H), 7.26 (d, J = 9.6 Hz, 1H), 7.08 (d, J = 8.5 Hz, 1H), 6.63 (s, 1H), 2.44 (s, 3H). °C
NMR (75 MHz, CDCIl3) § 158.06, 156.26, 134.03, 131.38, 127.58, 124.52, 124.10,
119.30, 117.85, 112.09, 105.96, 20.99. IR (neat): 2971, 1561, 1455, 1471, 1334, 1215,
1161, 1077, 801, 631, 589, 565. HRMS (ESI) calcd. for C;3H;oCIN3: 243.0563. Found:
243.0567.

2-Chloro-5-methoxy-1-(pyrimidin-2-yl)-1H-indole (2g): Yield 76%, pale yellow
solid. "H NMR (300 MHz, CDCI3) & 8.86 (d, J = 4.8 Hz, 2H), 7.93 (d, ] = 9.1 Hz, 1H),
7.26 (d,J =9.7 Hz, 1H), 7.00 (d, J = 2.4 Hz, 1H), 6.89 (dd, J = 9.1, 2.5 Hz, 1H), 6.63
(s, 1H), 3.86 (s, 3H). °C NMR (75 MHz, CDCI3) § 158.05, 156.22, 155.28, 130.62,
128.07, 124.48, 117.83, 113.51, 112.36, 106.16, 101.62, 55.31. IR (neat): 2927, 1561,
1414, 1334, 1249, 1191, 1163, 1114, 1031, 795, 728, 631, 598, 568. HRMS (ESI)
calcd. for C13H(CIN3O: 259.0512. Found: 259.0516.
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MeOOC
N

Methyl 2-chloro-1-(pyrimidin-2-yl)-1H-indole-5-carboxylate (2h): Yield 99%,
white solid. "H NMR (300 MHz, CDCI3) & 8.92 (d, J = 4.8 Hz, 2H), 8.29 (s, 1H), 7.96
(d, T=1.1 Hz, 2H), 7.36 (t, J = 4.8 Hz, 1H), 6.78 (s, 1H), 3.94 (s, 3H). °C NMR (75
MHz, CDCI3) & 167.15, 158.27, 155.72, 138.14, 126.90, 125.82, 124.33, 123.85,
121.97, 118.64, 112.03, 106.46, 51.67. IR (neat): 2922, 1709, 1562, 1537, 1423, 1322,
1267, 1231, 1199, 1094, 982, 895, 807, 758, 630, 596. HRMS (ESI) calcd. for
C14HoCIN; O,: 287.0462. Found: 287.0466.

NC
m0|
N
2-Chloro-1-(pyrimidin-2-yl)-1H-indole-5-carbonitrile (2i): Yield 51%, white solid.
'H NMR (300 MHz, CDCI3)  8.93 (d, ] = 4.8 Hz, 2H), 8.02 (d, J = 8.7 Hz, 1H), 7.90
(s, 1H), 7.50 (d, J = 8.7 Hz, 1H), 7.40 (d, J = 4.8 Hz, 1H), 6.77 (s, 1H). >C NMR (75
MHz, CDCI3) & 158.39, 155.52, 137.26, 127.19, 126.05, 124.48, 119.50, 119.00, 113.28, 105.67,
105.28. IR (neat): 2970, 2223, 1561, 1459, 1420, 1323, 1215, 1155, 1080, 883, 795,
716, 633, 695, 550. HRMS (ESI) calcd. for C;3H7CINy4: 254.0359. Found: 254.0363.

O,N

N
2-Chloro-5-nitro-1-(pyrimidin-2-yl)-1H-indole (2j): Yield 57%, yellow solid. 'H
NMR (300 MHz, CDCI3) 6 8.95 (d, J = 4.8 Hz, 2H), 8.50 (d, J = 2.0 Hz, 1H), 8.16
(dd, J=9.2, 2.2 Hz, 1H), 8.01 (d, ] =9.2 Hz, 1H), 7.41 (t, J = 4.8 Hz, 1H), 6.86 (s,
1H). °C NMR (75 MHz, CDCI3) & 158.43, 155.46, 143.04, 138.46, 127.88, 126.80,
119.16, 118.33, 116.04, 112.60, 106.67. IR (neat): 3135, 2987, 1568, 1510, 1450,

1418, 1338, 1313, 1205, 1070, 878, 810, 746, 629, 605. HRMS (ESI) calcd. for
C12H7CIN4O,: 274.0258. Found: 274.0262.

F
-
N
2-Chloro-5-fluoro-1-(pyrimidin-2-yl)-1H-indole (2k): Yield 99%, pale pink solid.
'H NMR (300 MHz, CDCI3) & 8.88 (d, J = 4.8 Hz, 2H), 7.95 (dd, ] = 9.1, 4.5 Hz, 1H),
7.30 (t, J = 4.8 Hz, 1H), 7.20 (dd, J = 8.9, 2.5 Hz, 1H), 6.99 (td, J = 9.2, 2.6 Hz, 1H),
6.66 (s, 1H). °C NMR (75 MHz, CDCI3) & 158.67 (d, J = 238.0 Hz), 158.16, 155.99,
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132.10, 127.96 (d, J = 10.3 Hz), 125.78, 118.24, 113.56 (d, ] =9.0 Hz), 111.03 (d, J =
25.4 Hz), 105.91, 104.79 (d, J = 24.1 Hz). IR (neat): 2987, 1565, 1425, 1319, 1245,
1204, 1160, 1111, 949, 844, 805, 787, 631, 595, 561. HRMS (ESI) calcd. for
Ci2H7CIFN3: 247.0313. Found: 247.0317.

Cl
o
N
2, 5-Chloro-1-(pyrimidin-2-yl)-1H-indole (2): Yield 99%, pink solid. '"H NMR
(300 MHz, CDCI3) & 8.89 (d, J = 4.8 Hz, 2H), 7.92 (d, J = 8.9 Hz, 1H), 7.51 (d, J =
2.1 Hz, 1H), 7.31 (t, ] = 4.8 Hz, 1H), 7.21 (dd, T = 8.9, 2.1 Hz, 1H), 6.64 (s, 1H). °C
NMR (75 MHz, CDCI3) & 158.16, 155.91, 134.04, 128.40, 127.53, 125.76, 123.24,
118.93, 118.33, 113.65, 105.46. IR (neat): 3109, 2987, 1565, 1522, 1424, 1337, 1314,
1263, 1202, 1064, 918, 854, 787, 629, 582. HRMS (ESI) calcd. for Ci,H;CLN;:
263.0017. Found: 263.0021.

Br
\©\/\\ﬁm
N
5-Bromo-2-chloro-1-(pyrimidin-2-yl)-1H-indole (2m): Yield 94%, white solid. 'H
NMR (300 MHz, CDCI3) & 8.89 (d, J = 4.9 Hz, 2H), 7.87 (d, J = 8.9 Hz, 1H), 7.67 (d,
J =19 Hz, 1H), 7.38 — 7.29 (m, 2H), 6.64 (s, 1H). °C NMR (75 MHz, CDCI3) &
158.16, 155.89, 134.36, 128.96, 125.86, 125.66, 121.97, 118.35, 115.16, 114.02,

105.31. IR (neat): 2922, 1561, 1522, 1438, 1414, 1332, 1310, 1202, 1057, 912, 864,
800, 749, 628. HRMS (ESI) caled. for C;,H7BrCIN3: 306.9512. Found: 306.9516.

I
mq
N
5-Iodo-2-chloro-1-(pyrimidin-2-yl)-1H-indole (2n): Yield 93%, pale pink solid. 'H
NMR (300 MHz, CDCI13) 6 8.88 (d, J = 4.8 Hz, 2H), 7.88 (d, J = 1.3 Hz, 1H), 7.76 (d,
J=8.8 Hz, 1H), 7.51 (dd, J = 8.8, 1.6 Hz, 1H), 7.31 (t, J = 4.8 Hz, 1H), 6.62 (s, 1H).
C NMR (75 MHz, CDCI3) § 158.16, 155.87, 134.89, 131.43, 129.60, 128.15,
125.33, 118.35, 114.42, 105.00, 85.72. IR (neat): 2923, 1560, 1519, 1411, 1329, 1306,

1200, 1013, 907, 865, 792, 747, 628, 604, 578. HRMS (ESI) calcd. for C;,H;CIINs:
354.9373. Found: 354.9376.

N
<

2-Chloro-6-fluoro-1-(pyrimidin-2-yl)-1H-indole (20): Yield 97%, pale yellow solid.

F

512



'H NMR (300 MHz, CDCI3) & 8.89 (d, J = 4.8 Hz, 2H), 7.76 (dd, J = 10.4, 2.2 Hz,
1H), 7.45 (dd, J = 8.6, 5.4 Hz, 1H), 7.30 (t, ] = 4.8 Hz, 1H), 7.05 — 6.90 (m, 1H), 6.67
(s, 1H). °C NMR (75 MHz, CDCI3) & 160.13 (d, J = 239.1 Hz), 158.15, 156.01,
135.73 (d, J = 12.6 Hz), 124.23, 123.72, 120.20 (d, J = 9.7 Hz), 118.22, 110.42 (d, ] =
24.4 Hz), 106.01, 99.83 (d, J = 28.7 Hz). IR (neat): 2987, 1564, 1533, 1484, 1425,
1349, 1314, 1264, 1202, 1143, 1108, 1075, 836, 789, 732, 632, 583. HRMS (ESI)
calcd. for C1,H,CIFN3: 247.0313. Found: 247.0317.

mCI
N

2, 6-Chloro-1-(pyrimidin-2-yl)-1H-indole (2p): Yield 94%, yellow solid. 'H NMR
(300 MHz, CDCI3) & 8.90 (d, J = 4.8 Hz, 2H), 8.03 (d, J = 1.6 Hz, 1H), 7.45 (d, J =
8.4 Hz, 1H), 7.32 (t, ] = 4.8 Hz, 1H), 7.19 (dd, J = 8.4, 1.9 Hz, 1H), 6.67 (s, 1H). °C
NMR (75 MHz, CDCI3) & 158.21, 155.89, 135.93, 129.08, 125.87, 125.02, 122.61,
120.27, 118.34, 112.66, 105.95. IR (neat): 2922, 1563, 1523, 1417, 1339, 1308, 1229,
1066, 810, 695, 630. HRMS (ESI) calcd. for C1,H;CI,N3: 263.0017. Found:263.0021.

(P\/\\ﬁm
N
2-Chloro-7-methyl-1-(pyrimidin-2-yl)-1H-indole (2q): Yield 43%, yellow oil. 'H
NMR (300 MHz, CDCI3) & 8.93 (d, J = 4.8 Hz, 2H), 7.46 — 7.39 (m, 2H), 7.10 (t, J =
7.6 Hz, 1H), 6.98 (d, J = 7.3 Hz, 1H), 6.63 (s, 1H), 1.89 (s, 3H). °C NMR (75 MHz,
CDCI3) & 158.21, 157.35, 135.47, 127.86, 125.41, 125.15, 121.40, 121.01, 119.92,
117.63, 103.18, 18.73. IR (neat): 2964, 1560, 1529, 1457, 1413, 1342, 1318, 1251,
1077, 790, 739, 714, 613, 581. HRMS (ESI) calcd. for C13H;oCIN3: 243.0563. Found:
243.0567.

Br

C

N

3-Bromo-1-(pyrimidin-2-yl)-1H-indole (4a’): white solid. 'H NMR (400 MHz,
CDCI3) & 8.82 (d, J = 8.4 Hz, 1H), 8.71 (d, J = 4.8 Hz, 2H), 8.37 (s, 1H), 7.64 — 7.58
(m, 1H), 7.46 — 7.39 (m, 1H), 7.38 — 7.32 (m, 1H), 7.09 (t, ] = 4.8 Hz, 1H). °C NMR
(101 MHz, CDCI3) & 158.20, 157.19, 134.79, 130.00, 124.88, 124.79, 122.72, 119.38,
116.52, 116.35, 97.47. IR (neat): 2918.02, 1576.45, 1449.92, 1422.87, 1348.27,
1317.82, 1204.43, 1075.11, 802.26, 790.42, 747.18. HRMS (ESI) calcd. for
C1,HsBrN;: 272.9902. Found: 272.9906.

Cl
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Coy

N

3-lodo-1-(pyrimidin-2-yl)-1H-indole (4a”): white solid. 'H NMR (400 MHz,
CDCI3) 8 8.77 (d, = 8.3 Hz, 1H), 8.69 (d, ] = 4.7 Hz, 2H), 8.43 (s, 1H), 7.47 (d, J =
7.6 Hz, 1H), 7.41 (dd, J = 11.2, 4.1 Hz, 1H), 7.33 (t, ] = 7.4 Hz, 1H), 7.06 (t, ] = 4.7
Hz, 1H). °C NMR (101 MHz, CDCI3) § 158.20, 157.02, 135.08, 132.80, 130.14,
124.76, 122.83, 121.37, 116.63, 116.25, 64.70. IR (neat): 2914.93, 1574.76, 1449.55,
1423.74, 1345.91, 1314.25, 1236.42, 1201.19, 801.50, 747.75. HRMS (ESI) calcd. for
C12H3IN3: 320.9763. Found: 320.9769.

For the following products 3 except 3m, the yields from 4 to 3 were given.

Cl

zZ />>\O

\V/

N N

L

2,3-Dichloro-1-(pyrimidin-2-yl)-1H-indole (3a): Yield 98%, white solid. "H NMR
(300 MHz, CDCI3) & 8.85 (d, ] = 4.8 Hz, 2H), 8.06 (dd, J = 6.6, 2.1 Hz, 1H), 7.60 (dd,
J = 6.1, 2.6 Hz, 1H), 7.39 — 7.23 (m, 3H). °C NMR (75 MHz, CDCI3) & 158.14,
155.95, 134.14, 125.27, 124 .41, 122.51, 121.31, 118.24, 117.48, 112.73, 109.54. IR
(neat): 1564, 1446, 1412, 1341, 1313, 1212, 1160, 950, 814, 741, 677, 625. HRMS
(ESI) calcd. for C;,H7CI,N3: 263.0017. Found:263.0012.

o

d—cl

N
2N

"

2,3-Dichloro-4-methyl-1-(pyrimidin-2-yl)-1H-indole (3b): Yield 99%, white solid.
'"H NMR (300 MHz, CDCI3) & 8.87 (d, ] = 4.8 Hz, 2H), 7.83 (d, J = 8.4 Hz, 1H), 7.29
(t, J=4.8 Hz, 1H), 7.17 (dd, ] = 8.2, 7.6 Hz, 1H), 6.99 (dd, J = 7.3, 0.6 Hz, 1H), 2.80
(s, 3H). °C NMR (75 MHz, CDCI3) & 158.16, 155.88, 134.47, 129.78, 124.16,
124.04, 122.98, 121.34, 118.35, 110.13, 109.46, 18.83. IR (neat): 2923, 1565, 1417,
1263, 1225, 1079, 969, 816, 740, 657, 629. HRMS (ESI) calcd. for C;3HoCLNj:
277.0174. Found:277.0170.

2,3-Dichloro-5-methyl-1-(pyrimidin-2-yl)-1H-indole (3f): Yield 98%, white solid.
'H NMR (300 MHz, CDCI3) & 8.83 (d, J = 4.8 Hz, 2H), 7.95 (d, ] = 8.6 Hz, 1H), 7.38
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(s, 1H), 7.24 (t, ] = 4.8 Hz, 1H), 7.14 (dd, ] = 8.6, 1.2 Hz, 1H), 2.47 (s, 3H). °C NMR
(75 MHz, CDCI3) & 158.06, 156.06, 132.45, 132.16, 125.86, 125.40, 121.06, 118.00,
117.16, 112.60, 109.34, 20.97. IR (neat): 2919, 1560, 1411, 1326, 1292, 1212, 1173,
799, 736, 687, 634, 585. HRMS (ESI) caled. for Ci3HoCL,N3: 277.0174.
Found:277.0170.

Cl

MeO
N—cl

N
2,3-Dichloro-5-methoxy-1-(pyrimidin-2-yl)-1H-indole (3g): Yield 93%, white solid.
'H NMR (300 MHz, CDCI3) & 8.83 (d, J = 4.7 Hz, 2H), 8.00 (d, ] = 9.1 Hz, 1H), 7.23
(t, J=4.8 Hz, 1H), 7.02 (d, J = 2.5 Hz, 1H), 6.94 (dd, J = 9.1, 2.6 Hz, 1H), 3.89 (s,
3H). >C NMR (75 MHz, CDCI3) & 158.04, 156.03, 155.81, 128.86, 125.97, 121.36,
117.97, 114.22, 114.04, 109.39, 99.16, 55.34. IR (neat): 1561, 1479, 1415, 1331,
1289, 1209, 1172, 1031, 803, 692, 634. HRMS (ESI) caled. for C;3HoClN3O:
293.0123. Found:293.0128.
Cl

Br
N—cl
N

)
NN

5-Bromo-2,3-dichloro-1-(pyrimidin-2-yl)-1H-indole (3f): Yield 93%, white solid.
'H NMR (300 MHz, CDCI3) & 8.86 (d, J = 4.8 Hz, 2H), 7.94 (d, J = 8.9 Hz, 1H), 7.72
(d, T=1.7 Hz, 1H), 7.39 (dd, J = 8.9, 1.7 Hz, 1H), 7.30 (t, J = 4.8 Hz, 1H). °C NMR
(75 MHz, CDCI3) & 158.19, 155.70, 132.72, 127.22, 126.79, 122.63, 120.07, 118.48,
115.80, 114.54, 108.65. IR (neat): 1563, 1425, 1329, 1209, 1066, 975, 857, 791, 692,
633. HRMS (ESI) calcd. for C;,HgBrCI,Ns3: 340.9122. Found:304.9126.

Cl

@Cl
N
Y

)

2,3-Dichloro-7-methyl-1-(pyrimidin-2-yl)-1H-indole (3m): Yield 22% (table 2),
yellow oil. "H NMR (300 MHz, CDCI3) & 8.91 (d, J = 4.8 Hz, 2H), 7.49 (d, J = 7.8 Hz,
1H), 7.40 (t, ] =4.9 Hz, 1H), 7.19 (t, ] = 7.6 Hz, 1H), 7.05 (d, J = 7.3 Hz, 1H), 1.91 (s,
3H). °C NMR (75 MHz, CDCI3) & 158.36, 156.93, 133.79, 126.42, 125.68, 122.41,
121.96, 121.56, 120.17, 115.60, 106.52, 18.70. IR (neat): 1560, 1409, 1338, 1289,
1224, 1097, 805, 774, 737, 669, 636. HRMS (ESI) calcd. for Ci3HoCIaN3: 277.0174.
Found:277.0179.
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Br

N
3-Bromo-2-chloro-1-(pyrimidin-2-yl)-1H-indole (3a’): Yield 94%, yellow solid. 'H
NMR (400 MHz, CDCI3) & 8.87 (d, J = 4.8 Hz, 2H), 8.05 — 7.97 (m, 1H), 7.59 — 7.51
(m, 1H), 7.31 (ddd, J = 12.5, 6.7, 3.3 Hz, 3H). >C NMR (101 MHz, CDCI3) & 158.57,
156.35, 135.12, 127.19, 124.75, 123.86, 122.97, 118.97, 118.73, 112.96, 97.40. IR
(neat): 2918.02, 1562.57, 1449.89, 1411.46, 1337.63, 1310.43, 1209.64, 807.08,
741.78, 661.00, 626.83. HRMS (ESI) caled. for C,H;BrCIN3: 306.9512. Found:
306.9516.
I

N
2-Chloro-3-iodo-1-(pyrimidin-2-yl)-1H-indole (32”): Yield 98%, yellow solid. 1H
NMR (400 MHz, CDCIl3) 6 8.88 (d, ] = 4.3 Hz, 2H), 7.94 (d, J = 8.6 Hz, 1H), 7.44
(dd, J=5.9, 3.0 Hz, 1H), 7.30 (dd, J = 9.4, 5.5 Hz, 3H). 13C NMR (101 MHz, CDCI3)
0 158.62, 156.34, 135.97, 130.16, 128.09, 124.73, 123.07, 121.11, 118.88, 112.89,
67.77. IR (neat): 2921.11, 1562.31, 1444.12, 1412.51, 1335.84, 1307.77, 1207.78,
806.54, 741.89, 626.34. HRMS (ESI) caled. for C;,H;CIlINs: 354.9373. Found:
354.9379.
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4. General procedure for gram scale experiment and deprotection

cl cl
m Cu(OAc), (2.0 eq) \mCI
N CuCl, (2.0 eq) N

N@ DCE, 100°C, 36h N@
\ \
1i 2i

Substrate 1i (1.15 g, 5 mmol), Cu(OAc), (1.82 g, 10 mmol), CuCl, (1.34 mg, 10
mmol) and DCE (25 mL) were combined under air in a 100 ml flask and stirred at 100
°C for 36 h with an air balloon. The resulting mixture was cooled to room temperature,
filtered through a pad of silica gel and washed with 100mL 50% EtOAc/ petroleum
ether. Then the solvents were evaporated under reduced pressure to give the 2,
5-chloro-1-(pyrimidin-2-yl)-1H-indole 2i as a pink solid (Yield 99%).

i N
>—cl i
N NaOEt, DMSO, \©\/\r0|

>~ 120°C, 5h
N\/\B
2i

The mixture of chlorinated product 2i (0.2 mmol), NaOEt (68.05 mg, 1.0 mmol) and
DMSO (0.8 mL) were added under air to a high pressure tube. After sealing the tube,
the mixture was stirred at 120 °C for 5h. After cooling to ambient temperature, the
reaction mixture was diluted with EtOAc (80 mL) and washed with H,O (2x40 mL).
The aqueous phase was extracted with EtOAc (2x40 mL), and the combined organic
phase was dried over Na,SO4, filtered and concentrated to give the
2,5-dichloro-1H-indole 5i (Yield 99%).

Cl
N

N
2,5-Dichloro-1H-indole (5i): brown solid. '"H NMR (300 MHz, CDCI3) & 8.11 (s,
1H), 7.49 (s, 1H), 7.16 (dt, J = 8.6, 5.2 Hz, 2H), 6.37 (s, 1H). °C NMR (75 MHz,
CDCI3) § 132.92, 128.70, 125.83, 124.35, 122.11, 118.87, 111.08, 100.03. IR (neat):
3407, 1694, 1570, 1440, 1327, 1192, 1062, 1013, 914, 865, 775, 689, 620, 587.
HRMS (ESI) calcd. for CsHsCI,N: 184.9799. Found:184.9794.

Iz

5i
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5. General procedure for control experiments with 1-H and 1-phenyl
indoles

Synthesis of 1-Phenyl-1H-indole’:

Phl (1.0 eq) A
@ NaH (1.2 eq), Cul (0.1 eq) N
N DMSO, 120°C, 12h @
H
1.2eq

NaH (0.6 mmol), indole (0.6 mmol) and DMSO (1 mL) were added to a high pressure
tube. The mixture was stirred for 0.5 h under ambient temperature, Cul (0.1 mmol)
and PhI (0.5 mmol) were added. The mixture was heated in an oil bath at 120°C and
the process was monitored by TLC. When the reaction completed, the resulting mix-
ture was cooled to room temperature and diluted by 10 mL water. The product was
extractedby ethyl acetate (10 mLx3). The combined extracts were dried over Na;SOy,
evaporated under reduced pressure and further purified by column chromatography to
afford the yellow-oil product (Yield 72%).

The control experiments with 1-H and 1-phenyl indoles followed the general proce-
dure for C-2 chlorination of indoles. Under the optimized conditions for C-2 chlorina-
tion, 1-phenylindole turned into 3-chloro-1-phenylindole in 60% yield and 1H-indole
turned into something on the baseline of TLC that we couldn't identify.

Co
O

1-Phenyl-1H-indole: yellow oil. '"H NMR (400 MHz, CDCl;) & 7.70 (d, J = 7.5 Hz,
1H), 7.61 — 7.56 (m, 1H), 7.55 — 7.49 (m, 4H), 7.40 — 7.34 (m, 2H), 7.26 — 7.15 (m,
2H), 6.70 (d, J = 3.2 Hz, 1H). The spectral data of the starting material
was in accordance with that reported in the literature”.

Crd
O

3-Chloro-1-phenyl-1H-indole: colorless oil. "H NMR (400 MHz, CDCI3) & 7.73 (dd,
J=6.5,2.3Hz, 1H), 7.56 (t,J = 7.5 Hz, 3H), 7.51 (t,J =4.2 Hz, 2H), 7.41 (t, J= 7.2
Hz, 1H), 7.37 (s, 1H), 7.32 — 7.27 (m, 2H). The spectral data of the product
was in accordance with that reported in the literature”.
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7. 'H and C NMR spectra of starting materials and products

4 1. ‘
k r—
=
z= \W\w
o .
A=A J N 7z /N
P © =
Al h n [
. —
-3
86°C — — hoe |
0
Foea <
o
o
mn
L L
o
L2 L
129, -
219 ng
€02 L8 L
. =
v0°L1 =
e 3 i
1 [ o
€21
Sz'L L
8.5; L @
Mw.ﬁ N ——— 860 vL9 F
. sL9
£€'L L2 g /
vm.hm T — Ry [ £0L — 1 B0
9g'L ¢ — - Hel vo'L N - 002 |
oy — Rgop | i 90Y - - pieh
ol R e \
682 \ -
. 8T'L
£9'L o
§9°L [
828~ ] L
. - o' -
6287 R Fo o 8 N —— 1001
el e i
gl — - FOLT '8 - B | o0
188 7 — = Ro| 9987 D N 10T
v8'8 F o mn.m |
mn
Lo L

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
f1 (ppm)
S20

9.0

9.5



OCH,Ph

|

—
mn
L2 N“u
o Ny
- Z = -
-3 A
-3 w
—
o
_ F
mn
F e
o
™
n
F e
o
F <
mn
<
o8
128
FGET =
mn
Fuw 089
289
o 289
FS 069
£6'9
i £69
re 969
vel’lb 80°L — ol
60| o 602
ROVL N s U 0L
vl €T~ - Beork
bosz| gz BygL
ey ™ 8z'L
87'L
LS ogs
S . ® gz
97'8-\ - .
—— To0'} | D geg H,ww.o
I o
° A} D — - 14
e €L
n
F o

0.5

40 35 30 25 20 15 1.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
S21

9.0

9.5




LL9
L9
8.9
8.9
€02
S0°L
20,

L'L
ON.N/
eTLAL

9L
oL
orL
L
WL
ze8
gog >
o
sre/

Br

260
7L0°L
il
660

5560
16°)
WS.F

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

8v'c —

€99
997
202y
€0LT

S0°L
SL’L
w_..h\
Wi

€28~
'8/
998
mm.ww
oLs

j XA

1460
ISR
Bp01
££6°0

F56°0

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

S22



68'¢ —

669
0L~
€0°L
vo'L
60°L
oL'L

€9'9
599
96°9
86'9 W

yT8~
97’8/
19'8
69'8 W
ZL8

MeO

I

—_

Be'e

vv6°0
16°0
0'}
=980

=00'L

0.0

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

96°¢€ —

MGOZC

i

X

M Il

B8e'¢

200'L

F60°L

Is0'L
FeeL

0T
£z0'1

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

0.0

S23



99~
97
-] AN
LS°L
09°L-~\
96°L
L6°L V
34
141 V
SL'8
9.8 V
26’87
6'8 /

NC

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

58'9
189
8L
612\
oL
9z'L

[44:]
[44:]
§¢'8
A

SY'8-~
g/
wm.w\
158
108
6L'8
z6'8
96'8

O,N

Ho

oL
0L
roo's
6L
100'}

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

S24



99'9~
68397

90°L

60°L
SeT'L
'L
8T’

18~
€8
028y
L8F
X}
oLg
8.8
6.8

[

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

v9'9~
837
oL'L
oz'L
st
8T'L
85°L
65°L
0£'8~
1e87
08~

[75:]
€L'8 N
9’8

Cl

Fo
hey

ko

w.ow.o

0.C

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

9.5

0.0

S25



£9°9~
15 0
802

oL
oL~
L/
YIL~
sr1/

828~
628~
898
oLs Y
X:]

Br

_

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

\

A4

Z

299~ N

9/
&89
WL _
8G°L \
19°L— D
%L
28\ —
58
858 —
1og\ —

E.a\[
e 7

L

e

F

p

60

0L
6°0
0'}
0L
(3

1.0 05 0.0

1.5

40 35 30 25 20

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

S26



0L

80°L > P ——
B4
zsL
€57, 7

199
89'9
00°2
102 /

sz'8
928
95'8
158 -
098 —
19’8
18
s

£o0'1
0'L
10°L

FeoL

hpe0

eo

0.5

40 35 30 25 20 1.5 1.0

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

9.0

9.5

Cl

£9°9~
882
602 - _ _
L

1572
vS'L
928\
82’8~
L8
£L'8 A _—
888 —_
68'8 7

vN.hN —

gzl
Agpy

b2 4%

€1'e
880

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

S27



1q

e —

b9~y -

2

SLL —_

SV’L
9L’L
1A
6v'L

6L°L
08°L

-

S8~ -

187

H06'0
ELLL

voe

55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)
S28

6.0

6.5

8.0 75 7.0

8.5

9.0

9.5



6bL1
611
1ZL
2TLA
ve'L
YL
1211
87°LA
62'L
1E'LA
£5°L
ve'L # _—
S5°LA

95°L -
95'L

96°L

66°L > —
66'L

88'8~
068~

6°0

Fsge
=00'}

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

60°90L ~_
0cThl
80°8LL
15°6LL /
16121
LezL V
£EvzL
6cLzL

LLGEL —

S19G1L ~
LL'8sE —

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

100

S29



€5 —

€L'9
102
€0°L
VL

VL
0z'L
LTLAE
6Z'L
0€'L
6L L~
8L

888
068~

A

=zZl'e

£58°0

0'}
Zo
=0’}

=L

=.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

8L'8L —

L9v0L —
8601 —

S0°8LL
s2'zzL \S
LLETL
z9ceL
LLzL
cegzL
vs'selL —

€296 ~
oL'8sL —

A et
10

20

|
" TATTTEPTATY l‘ A —
T A T

TR
50 40

60

70

WAV T P W

80

90
f1 (ppm)
S30

100

R

110

|
120

|
]

140 130

150

160

170

S net e

180



[44

699
¢L'94
88’9
YL
91°L A
a—..hg
824+
0€°L A
L€' LA
Ye'LA

Le°LF

6¢°L-
WL
'L
6L
1S°L-
9G°L -

OCH,Ph

65°L-

888
068

=6€'¢

SNaaN
GO -

CERERE

X4
'L

oz

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

0.0

6969 —

i
il

mﬁ
v6°921 /

8¥' .21
SL'gel ~=

mw.me
90°L¢EL V

16051 —
1Z°951
01851 —

OCH,Ph
60 50 40 30 20 10

70

180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)
S31

190




6L'9
18'9
06'9
€6'9
vLL
9L
8L'L
¥4
L
ausw
1L
[YRN
vrL

188
88'87

T
—_—

£68°0
hgo-

POzl
£00°L

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

6.0

7.0

90 85 80 75

9.5

2.0

£9'L0L <
98°90

b20L
Zv'soL
SE9LL~
99°9L1
avsiL/
veezl

3.2_%
e

LIS,
98261~

66251
izear
618517

190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

00

S32



Br

8L'9
60°L

L

SLL N
L

nns/ _
veL

v
6g'L

682
L I

688~
168~

80
el
L0°}
6°0

0.5

1.0

1.5

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
f1 (ppm)

9.5

Br

_.a”mc_. ~
orert .
soezt
Zosz
%1154

88'GEL —

16°6SL ~
1e8st —

2e

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

00

S33



O >=
Z

we— —m————
£9'9— —
0L
60°L-~\ —_—
STL~ N
w:\ —
gL
181~
0627 e
98'8~
88’8/ —

L

ho'L
L0E'L
2£6'0

Eoe

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

6602 —

96°501 —
60°CLL

S8°LLL N
0c'6LL

oL'vel N
[4a<ARS
86°L¢L ~
8E°LEL ~
€0veEL —

92°9G) ~
90°851L

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

00

S34



MeO

98¢ —

€99
hw.w/
88'9
06°9
169

102
STl
8¢l

1671~
6L

98'8~_
1887

2g

Azg'o
20}
786°0
A

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

L€'6S —

zo'LoL 7
91901 -
9T~
1SELL
£8LLL —
8rvzl

L0°82) M
29°0EL "

82°651L
ZT951 —
s0'gsL 7

MeO

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

190

S35



MeOOC

v6'¢ —

8L'9—

ve'L
on.hw
hn.h

96°L
96°L 7
628 —

16’8~
€68~

2h

e

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

2.0

L9°LS —

9'90L
£0°ZLL

vo'8LL
16124 /
8'€ZL /
£EveL

z8'sZL —
06921/

v1'8€L —

¢LGS) ~
L2°8G1L —

SL91L —

MeOOC

2h

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

200

S36



8.02
7.99
7.89
7.88
7.51
7.50
7.48
38

%g

45 40 35 30 25 20 1.5 1.0 05

2,071
© 11129
0.98%

13¢

124

9.5 9.0 8.5 0 7.5 70 65 0 5 5.0
f1 (ppm)
D N © OO OC® N ®
0w R ToeYTwoN oW
0 v ~ NOTOOM LW
n W © NANN™ ™™ OO
- - - DARLRL e
Vo I NIA 7N
>N
N
S
2i
I
I
I
| ) ) I\ n
A 4 T A " A s A, A A "
“yv“u““v‘myy‘vm“wvln“‘ Wi '”"W""" e v ﬂ'u..hnkv v ity iy ]A:‘"@‘A'{-A "A'm:nﬁ 4 LA“u ongrtgt wAm"u " i v v.‘"‘wr.‘.vmm ——— “,;LWW sy "wm’ " AWA

00 190 180 170 160 150 140 130 120 110 ° (100 ) 90 80 70 60 50 40 30 20 10
ppm

S37



Cl

O,N

989 —

oL

:EW
L

662\
208
v
118

6v'g”
68
668~

—_—

2j

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

).0

19901 ~
09°ZLL

vo.o:M
£C8LL
9L6LL—

08921~
88221

ov'8eL —
vo'evl —

'GSL —
€V'851L —

O,N

2j

VORI

L

Lal

R

o

W A

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

190

S38



68'8"

hego

0l
%m.o
£00'}

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

€9'v0L
S6°v0L
16°50L A

98'0LL
0z'LiL
1S€LL
o€kl
vesiL
PO
cosz /.
ovzer”/

66°951
60°L51L W
9l'8st
vZ'091L /

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

190

S39



1.5
\ NS
Z" >
4

B39 —
om.n%
gL
5L A —
Nm.hk -
wy o —

888
068~

Foo'L
50°1
F£8'0

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

ov'S0L —

SOELLA
£e'8LL

cegLL
YTeTL~
9L°6ZL —
€522V T
or'szi

vover

16°SS) ~
9L'85L —

Cl

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

190

sS40



OO0 VWONOWULTOHNNO T

W VROOVMMMMMM®MQ©

WO NMNNMNNMNNMNNMNNNNNNG®O

N Sy

Br
'\i\
7N
N
—
2m

‘\

iy R < iy

- oo N =}

o~ - O N -

0.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0
f1 (ppm)

© o ©OOONDON —
] NRRONMO O ©
o 1 fOowUrows W
0w ONNANNT*T-v O
- - Frrrrre- -
N ~ AT I

/i
W
\rzg/
@)

2m

b LA A ‘_L.’u AT ‘Jmm.).x‘\ ‘umL um“unumL.n“.‘m.'nm.lmnu 0 R L Tl N MLl T MV DG T

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

S41



L1
43"
JoLl
=960

£20'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

0.0

°L68 —

00501 —

(4442
SE8LL~
1147

114

09'621 V
evieL —
68'VEL —

18651 ~
9L'85L —

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

00

542



199
$6'9
96°9
86'9
66'9
66'9
10’
0L

62°L
0€'L
(49

Vi~

S¥'L
'L
8v'L

VL
SLL
8LL
8LL
88'8~
688~

/J

20

J

ﬁm.c
Loy
101
Yoot

mﬁm.o

0.5

1.0

1.5

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
f1 (ppm)

9.5

20

7966~
20°00L
10°90} ~
9ZT0LL~
85°0LL
zzT8LL
€10zt N

mw.mmr
28'selL V

1095k
svest
5851

oL’

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

190

543



£29
&.h/
2L

pes L
vl
ovs/
£0'8

c08”

688\
1687

Cl

200}
€L
5201

oe

0.5

1.0

1.5

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
f1 (ppm)

9.5

$6'50L
99°ZhL
ve'sLL
LZ'0zL
Lozzl
205zl
18'SZL
80621/
£6'SEL ~

6895} ~
1eest —

Cl

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

190

S44



68°L —

£9'9
E.w/
66'9
80°L
oLz~
VES
WL~
sv'L
Sv'L

£6'8~
68~

-~

L

H/hw.o
»00°L
FeoL

m\wm.r

86’

0.5

1.0

1.5

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
f1 (ppm)

9.5

€L8L —

8L'e0l —

£9°LLL

No.m:/
S._,ﬁ/
ovizy—
S1'SZL—
Wzl
98'224

Ly'SEL—

SELSL~
12851

WA

It A A Al

4

Aoy

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

100

545



80'L,
60°L
012
£e |
£eL
G€L A
LE°L
LE°L
oV’
WL
£vL
sy
LA W

SP' LA

09°L
09°L
9L

292
188
e
e
188 ~
e88/

£2o'L
0'}
0L
£66'0

596°0
0T
Loo'L

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

Ly'16 —

mn.w_‘v
45117 V
8E°6LL
eLeelL

617451~
0Z'851L

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

190

546



S0°L

90°L

L0°L

el

€L

S€°L —_ -

8¢€L

ovL~ e —
'l
el
'L
8v'L
V'8
898 /
698\ —

o8 7 —_— M

8.8

660

10°L
&2
6°0

F96°0
6° L
0'}

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
f1 (ppm)

8.5

9.0

9.5

0L'v9 —

SCokL

€9°9LL V
LEITE~
€8'cTL 7
9LvTL /
sLoel M
08°z¢L

80°S€L /

20251~
02'851

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

190

S47



[ 4 MNOUTANTFODUTONANTOON MWW
O SS00VRELMNMNMNNONNANNNN
WW WWOONNNNNNNNNNNNNNN
N e cl
N—ci
i
/N
/] N
S
3a
I
& I
e S
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
38 IRIEARIINY
0 v T OUTAN—ONND
ee 283¢I-Ee
\ ) [ P Cl
N—ci
N
>N
N™
S
3a

nh‘u.m (M et A e A u‘u.t‘u.m‘l 11,1..41‘.“}“'. L A A it A UAAA g WA ‘m.l“.\.n“ AN et

00

190

180

170

160

150

140

130

120

110

100
f1 (ppm)

S48

90

80

70

60

50

40

30

20

10



Cl

08'C —

86'9
86'9
102
102
vi'L
LV
L
0z'L
VrAN
1L
8L~
s8'L”

98'8~
88'8~

)

¥96°0
S
26°0

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

€88l —

99'601 ~_
1oL
SEBLL
veLzL
86221 —
YOvzL
9Lzl
8L'621
wier’

88'GG1 ~
91'8GL —

Cl

T

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

190

549



e —

[4W)
€1'L
SL'L
ol'L
WL
vT'L
8¢L
6L~
6L

€88~
¥8'8-

oL
200')

hogo

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

vE'60L
09°ZLL N
LIl

008
90121 —
or'szL~.
9g'6zL 7
9'ZEL ~
svzer’

90°9G) ~
90851

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

190

S50



68'¢ —

26'9
€6'9
$6'9
96°9
0L

0L
(442
€L

sZ'L
66°L~_
208

788
£8'8"

MeO

16°0
6°0
5160

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

VeSS —

9166 —

6€°601 ~
voviL

44427 >
L6°LLL
9g'kel
16°G2L —
98'82)1

18'85L
£0'95L
voest/

MeO

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

00

S51



8z'L
ogL
zeL
8L
8¢L
oL
WL
L
zLL
6L
S6'L
§8'8~
988~

T

Br

,J

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

Br.

S9'804
YSLL

08'5hL\
8v'8LL~
10021 —
€92zl
6L'92ZL -7
Tz

zreeL’

0,651 ~
61°85L —

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

190

S52



161 —

VoL
L0
LV'L
ou.n/

T L~
8¢ L~

ov'L
(44
8¥'L
3

068~
2687

ree'e

£00'}
B
20'L
5680

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

0.0

0L'8L —

6880k
Lozt /
95°12L
96°L2L
89'GZ)
[44:142 V

6L'€EL —

€6°9G1 ~
9¢'8G1

VRN WP AR TR N KA AN o ek

o

100 90 80 70 60 50 40 30 20 10
f1 (ppm)

110

190 180 170 160 150 140 130

00

S53



L
62°L
0€L
el
€L
(4
€L
€e’L
vs'L
SG°L
1S°L s
00'8
208 >
208

988\
88'87

_
—

F50°¢
90°L

FLoe

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0

Wie—

96241
£r8L
86'841
86'2Z1
ogezL
sLveL m
61221
€1'geL —

€991 ~
16°8G1L —

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

190

S54



62°L
39
(4

eeL

it — ~

mv.hw — —
oL

v6°L
S6°L A —
96°L

888
688 — A

90°¢
5860

koz

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

LL'L9 —

06°ChL ~
88'8LL
[TNFRN
20°€2L ~
eLver
60'8ZL 7,
aroet/
16'S€L —

ve'9SL ~
29851 —

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

|00

S55



—8.1
7.49
7.21
7.18
7.16
7.15
713
7.12

—6.37

5i

Iz

4] ———
099] f———

1
AN | JAA
- o P - - )\ ——
»T«
- S
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
f1 (ppm)
MO YT Ww—© [=2] <
ARRATR S S
N O W T N o - o
23388 T © =4
NSNS
Cl
N
H
5i
[
! |
|
Gh AP A M LN g Ln.\ btk [ i m‘ S i bl I P W

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

S56

40 30 20 10



oL
91°L
8L'L
612
021
V2L
2TLA
€21
ve'L
SZ'L
ST'L
ve'L /W
S€L{
9e° LT
8L Kﬂ
182

8¢,
6c']
152
5L
€52
€52 |
16721
15°L]
65
69'2
vzl

4

=560
0’}
i
¥80'C
£98°¢

oo

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

L1227
82°LA
62°LA
0€°L
0€°L1
1€ LA
ze'L
1872
6€°LA
WL
VL
6v'L-
152
es'L
5L
95°L-
8G°L-
[IVE
€L

vLLd
voL

-

0.5

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 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

S57



