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1. General Information

Chemicals and solvents were either purchased from commercial suppliers or purified
by standard procedures as specified in Purification of Laboratory Chemicals, 4th Ed
(Armarego, W. L. F.; Perrin, D. D. Butterworth Heinemann: 1997). Analytical thin-
layer chromatography (TLC) was performed on silica gel plates with F-254 indicator
and compounds were visualized by irradiation with UV light and/or by treatment with
a solution of phosphomolybdic acid in ethanol followed by heating. Flash
chromatography was carried out utilizing silica gel (200-300 mesh). 'H NMR, '3C
NMR spectra were recorded on a Varain Mercury 400 spectrometer (400 MHz 'H,
100 MHz '3C). The spectra were recorded in CDCIl; as the solvent at room
temperature, 'H and '*C NMR chemical shifts are reported in ppm relative to either
the residual solvent peak (*C) (6 = 77.00 ppm) or TMS ('H) (6 = 0 ppm) as an
internal standard. Data for 'TH NMR are reported as follows: chemical shift (& ppm),
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, dd = doublet),
integration, coupling constant (Hz) and assignment. Data for '*C NMR are reported
as chemical shift. HRMS were performed on a Thermofisher (Vanquish (UPLC) —
Q-Exactive Plus) mass instrument (ESI).

2. Preparation of Substrates
Substrates 1 were prepared by following the publish procedures [!-3]
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3. General procedure for the Direct C(sp3)-H Arylation of Indole-3-ones
with Aryl Halides
(L,
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Pd(dba)s, (2 mol%)

L3, (3 mol%) o
R . x@ K,CO3, (1.1 equiv.) ol X —\
— ! N
= / R2

THF or Toluene, 70 or 110 °C

Indole-3-ones 1 (0.25 mmol), Pd(dba), (0.005 mmol, 4.6 mg), K,CO;3 (0.275 mmol,
38 mg, 1.1 equiv.) and 2-dicyclohexylphosphino-2',4’,6'-triisopropylbiphenyl L3
(0.07 mmol, 3.3 mg) were added to a Schlenk tube equipped with a stir bar.. Then
sealed with a rubber septum and vacuum purged five times with high pure nitrogen to
remove air. To these solids, aryl halides 2 (0.275 mmol, 1.1 equiv.) and fresh distilled
degassed THF (2 ml) or Toluene (1 ml) was added consecutively under a positive
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flow of high pure nitrogen. The reaction mixture was stirred at 70 °C or 110 °C. After
the required period of time, the reaction was complete (as judged by TLC analysis). The
reaction mixture was directly purified by flash column chromatography (eluted with
petroleum ether/EtOAc = 15:1 to 10:1) to afford the C-2 aryl indole-3-ones 3.

4. Analytical data of 3a—p

::g

Ac

3a 1-Acetyl-2-phenylindolin-3-one (3a). White solid; Reaction time:
14 h; Yield: 87%; m. p.: 125-126 °C; 'HNMR (400 MHz, CDCl;): 6 8.62 (d, J = 8.8
Hz, 1H), 7.90 — 7.50 (m, 2H), 7.30 — 7.25 (m, 3H), 7.23 — 7.10 (m, 3H), 5.12 (s, 1H),
1.99 (s, 3H); 3C NMR (100 MHz, CDCl;): 6 195.2, 169.6, 154.1, 137.9, 134.7, 129.8,
129.0, 126.0, 125.0, 123.0, 118.8, 69.8, 24.9; HRMS (ESI): calculated [M+H]*
for C¢H4NO,: 252.10191, found [M+H]": 252.10171.

OMe

?Z:EO

3b 1-Acetyl-2-(4-methoxyphenyl)indolin-3-one (3b). White
solid; Reaction time: 14 h; Yield: 95%; m. p.: 138-139 °C; '"HNMR (400 MHz,
CDCls): 6 8.68 (d, J = 8.8 Hz, 1H), 7.80 — 7.60 (m, 2H), 7.35 — 7.20 (m, 2H), 6.90 —
6.78 (m, 3H), 5.16 (s, 1H), 3.78 (s, 3H), 2.08 (s, 3H); 3C NMR (100 MHz, CDCls): 6
195.0, 169.6, 154.0, 137.8, 136.1, 130.8, 124.9, 123.0, 118.7, 118.0, 114.0, 111.9,
69.7, 55.5, 24.8; HRMS (ESI): calculated [M+H]* for C{7H;(NO3: 282.11247, found
[M+H]": 282.11228.

O

Y,
0]

Ac Me

1-Acetyl-2-(3-methoxyphenyl)indolin-3-one (3c). Pale
yellow solid; Reaction time: 14 h; Yield: 49%; m. p.: 135-136 °C; '"HNMR (400 MHz,
CDCl): 8 8.61 (d, J = 8.4 Hz, 1H), 7.70 — 7.60 (m, 2H), 7.25 — 7.14 (m, 2H), 6.88 —
6.68 (m, 3H), 5.09 (s, 1H), 3.71 (s, 3H), 2.01 (s, 3H); 3C NMR (100 MHz, CDCl3): &
195.0, 169.6,160.6, 154.0, 137.8, 133.2, 130.8, 125.0, 118.7, 118.1, 114.1, 112.0, 69.8,
55.5, 24.8; HRMS (ESI): calculated [M+H]* for Ci;H;(NO;3: 282.11247, found
[M+H]": 282.11224.

o)

N O
Ac
MeO

3d 1-Acetyl-2-(2-methoxyphenyl)indolin-3-one (3d). White solid;

w
(3]

E
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Reaction time: 14 h; Yield: 50%; m. p.: 152-153 °C; 'THNMR (400 MHz, CDCl;): &
8.66 (d, J = 6.8 Hz, 1H), 7.85 — 7.65 (m, 2H), 7.35 — 7.18 (m, 2H), 7.08 — 6.77 (m,
3H), 5.72 (s, 1H), 3.83 (s, 3H), 2.03 (s, 3H); '*C NMR (100 MHz, CDCl;): 6 196.5,
169.6, 157.4, 154.2, 137.4, 130.2, 127.3, 124.6, 124.5, 124.0, 121.5, 118.6, 112.1,
64.5, 56.2, 24.5; HRMS (ESI): calculated [M+H]* for C;;H;sNO;: 282.11247, found
[M+H]": 282.11225.

o

(L4

Ac

3e 1-Acetyl-2-mesitylindolin-3-one (3e). Yellow solid; Reaction

time: 14 h; Yield: 26%; m. p.: 120-121 °C; 'THNMR (400 MHz, CDCls): 6 8.59 (s, 1H),
7.74-7.60 (m, 2H), 7.24 — 7.15 (m, 1H), 6.90 (s, 1H), 6.69 (s, 1H), 5.59 (s, 1H), 2.47
(s, 3H), 2.19 (s, 3H), 1.89 (s, 3H), 1.72 (s, 3H).; 3C NMR (100 MHz, CDCl;):
196.3, 169.7, 153.7, 153.6, 137.6, 131.4, 130.1, 129.4, 124.5, 124.3, 123.7, 66.6, 24.3,
21.2, 21.0, 20.0; HRMS (ESI): calculated [M+H]" for C;oH)NO;: 294.14886, found
[M+H]*: 294.14877.

0]

Ac F

3f 1-Acetyl-2-(2-fluorophenyl)indolin-3-one (3f). White solid,;
Reaction time: 14 h; Yield: 43%; m. p.: 140-141 °C; 'THNMR (400 MHz, CDCl;): &
8.60 (d, J = 8.0 Hz, 1H), 7.82 — 7.53 (m, 2H), 7.32 — 7.23 (m, 1H), 7.23 — 7.17 (m,
1H), 7.16 — 7.07 (m, 1H), 7.06 — 7.00 (m, 1H), 6.99-6.89 (m, 1H), 5.53 (s, 1H), 1.99
(s, 3H); 13C NMR (100 MHz, CDCl3): 6 194.9, 169.2, 161.9, 159.4, 154.2, 147.7,
147.2, 137.8, 125.2, 125.1, 124.9, 124.8, 124.6, 122.7, 122.5, 118.7, 116.8, 116.6,
63.5, 24.4; HRMS (ESI): calculated [M+H]" for C;sH{3FNO,: 270.09248, found
[M+H]*: 270.09270.

0
N
Ac

39 Methyl 4-(1-acetyl-3-oxoindolin-2-yl)benzoate (3g).
White solid; Reaction time: 14 h; Yield: 88%; m. p.: 147-148 °C; 'HNMR (400 MHz,
CDCl5): 6 8.67 (d, J= 7.6 Hz, 1H), 8.04 (d, J = 8.2 Hz, 2H), 7.73 (t, /= 8.2 Hz, 2H),
7.35 (d, J = 8.3 Hz, 2H), 7.29 — 7.24 (m, 1H), 5.24 (s, 1H), 3.89 (s, 3H), 2.02 (s, 3H);
3C NMR (100 MHz, CDCls): 6 194.3, 169.4, 166.6, 154.0, 139.5, 138.1, 131.0, 126.1,
125.3, 125.2, 125.1, 122.8, 118.9, 69.5, 52.6, 24.8; HRMS (ESI): calculated [M+H]*
for CigHsNOy4: 310.10738, found [M+H]": 310.10714.
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3h 4-(1-Acetyl-3-oxoindolin-2-yl)benzaldehyde (3h). White
solid; Reaction time: 14 h; Yield: 63%; m. p.: 157-158 °C; '"HNMR (400 MHz,
CDCly): § 10.01 (s, 1H), 8.70 (d, J = 7.6 Hz, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.80-7.70
(m, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.40 — 7.17 (m, 1H), 5.33 (s, 1H), 2.06 (s, 3H); 3C
NMR (100 MHz, CDCly): & 194.0, 191.6, 169.2, 154.0, 141.1, 138.2, 136.7, 131.0,
130.6, 126.7, 125.3, 125.1, 122.7, 118.8, 69.4, 24.8; HRMS (ESI): calculated [M+H]*
for C7H,4NO5: 280.09682, found [M+H]*: 280.09641.

Z o
L.
(2]

Ac

3i 1-Acetyl-2-(4-chloro-3-fluorophenyl)indolin-3-one  (3i).
White solid; Reaction time: 14 h; Yield: 42%; m. p.: 141-142 °C; 'HNMR (400 MHz,
CDCls): 58.68 (s, 1H), 7.80 — 7.60 (m, 2H), 7.38 — 7.24 (m, 2H), 7.24 — 7.08 (m, 2H),
5.15 (s, 1H), 2.09 (s, 3H); 13C NMR (100 MHz, CDCly): § 194.4, 169.2, 159.8, 157.3,
138.2, 131.9, 128.3, 128.0, 125.9, 125.3, 118.1, 117.9, 68.5, 24.9; HRMS (ESI):
calculated [M+H]* for C,4H;>,CIFNO,: 304.05351, found [M+H]": 304.05351.

o
O
N
Ac Cl
3 1-Acetyl-2-(3,4-dichlorophenyl)indolin-3-one (3j). White

solid; Reaction time: 14 h; Yield: 28%; m. p.: 112-113 °C; '"HNMR (400 MHz,
CDCl): 6 8.61 (s, 1H), 7.75 — 7.60 (m, 2H), 7.50-7.35 (m, 1H), 7.34 — 7.25 (m, 1H),
7.23 —7.16 (m, 1H), 7.13 — 6.98 (m, 1H), 5.08 (s, 1H), 2.02 (s, 3H); *C NMR (100
MHz, CDCL,): 6 194.1, 169.2, 147.9, 147.3, 138.3, 133.5, 125.3, 124.2, 119.3,118.9,
68.5, 24.9; HRMS (ESI): calculated [M+H]" for C;cH;2CI,NO;: 320.02396, found
[M+H]*: 320.02396.

3k O 2-([1,1'-biphenyl]-3-yl)-1-acetylindolin-3-one (3k). White
solid; Reaction time: 14 h; Yield: 72%; m. p.: 160-161 °C; '"HNMR (400 MHz,
CDCls): 6 8.55 (d, J = 6.8 Hz, 1H), 7.91 — 7.47 (m, 4H), 7.47 — 7.26 (m, 5H), 7.25 —
7.15 (m, 2H), 6.86 (d, J = 6.8 Hz, 1H), 5.36 (s, 1H), 1.60 (s, 3H); 3C NMR (100 MHz,
CDCl5): 6 196.7, 169.6, 154.4, 142.9, 140.0, 137.8, 133.0, 128.7, 128.4, 127.9, 124.8,
124.5, 123.4, 118.6, 65.7, 24.6; HRMS (ESI): calculated [M+H]" for C,,H;sNO,:
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328.13321, found [M+H]": 328.13318.

3l 1-Acetyl-2-(naphthalen-2-yl)indolin-3-one (31). White solid;
Reaction time: 14 h; Yield: 53%; m. p.: 130-131 °C; 'THNMR (400 MHz, CDCls): o
8.72 (d, J=8.4 Hz, 1H), 7.87 — 7.73 (m, 5H), 7.52 — 7.45 (m, 2H), 7.40 — 7.25
(m, 2H), 5.34 (s, 1H), 2.07 (s, 3H); 3C NMR (100 MHz, CDCls): 4 195.2, 169.8,
154.0, 137.9, 133.6, 133.5, 132.0, 130.0, 128.6, 128.2, 128.1, 128.0, 127.0, 126.8,
125.5, 125.1, 1249, 118.8, 69.9, 24.9; HRMS (ESI): calculated [M+H]* for
CyoH16NO;,: 302.11756, found [M-+H]*: 302.11730.

~

3m 1-Acetyl-2-(benzo[b]thiophen-5-yl)indolin-3-one (3m).
Yellow solid; Reaction time: 14 h; Yield: 41%; m. p.: 160-161 °C; 'HNMR (400 MHz,
CDCIl;): 6 8.66 (d, J= 8.0 Hz, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.75 — 7.60 (m, 3H),
7.41 (d, J = 5.2 Hz, 1H), 7.28 — 7.13 (m, 3H), 5.24 (s, 1H), 2.00 (s, 3H); 13C
NMR (100 MHz, CDCl;): & 196.3, 169.7, 154.1, 140.4, 140.3, 137.9, 130.9, 129.0,
128.2, 125.1, 124.0, 123.9, 121.8, 121.1, 118.8, 69.8, 24.9; HRMS (ESI): calculated
[M+H]* for C1gH4NO,S: 308.07398, found [M+H]": 308.07397.

RZEEO

3n 1-Acetyl-5-methyl-2-phenylindolin-3-one (3n). White solid;
Reaction time: 14 h; Yield: 32%; m. p.: 155-156 °C; 'THNMR (400 MHz, CDCls): o
8.50 (d, J=8.4 Hz, 1H), 7.51 — 7.42 (m, 2H), 7.33 — 7.25 (m, 3H), 7.21 — 7.14
(m, 2H), 5.11 (s, 1H), 2.32 (s, 3H), 1.97 (s, 3H); *C NMR (100 MHz, CDCl;): &
195.2, 169.3, 152.3, 147.3, 139.0, 135.0, 134.9, 129.7, 129.0, 126.0, 124.2, 123.2,
119.3, 118.5, 70.1, 24.7, 21.0; HRMS (ESI): calculated [M+H]" for C;7;H;sNO;:
266.11756, found [M+H]": 266.11743.

Cl

zo

Ac

30 1-Acetyl-5-chloro-2-phenylindolin-3-one (30). White solid;
Reaction time: 14 h; Yield: 91%; m. p.: 155-156 °C; 'THNMR (400 MHz, CDCls):
8.59 (d, J=8.4 Hz, 1H), 7.69 — 7.53 (m, 2H), 7.39 — 7.24 (m, 3H), 7.24 — 7.15
(m, 2H), 5.16 (s, 1H), 1.98 (s, 3H); 3*C NMR (100 MHz, CDCls): 4 194.0, 169.5,
152.4,137.6, 134.2, 130.6, 129.9, 125.9, 124.4, 120.0, 70.2, 24.7, HRMS (ESI):
calculated [M+H]" for C;sH3CINO,: 286.06293, found [M+H]*: 286.06286.
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3p 1-Acetyl-5-bromo-2-phenylindolin-3-one (3p). White solid;
Reaction time: 14 h; Yield: 53%; m. p.: 155-156 °C; 'THNMR (400 MHz, CDCl3):
8.61 (d, J=18.0 Hz, 1H), 7.90 — 7.75 (m, 2H), 7.45 — 7.30 (m, 3H), 7.28 — 7.15
(d, /= 6.9 Hz, 2H), 5.22 (s, 1H), 2.06 (s, 3H); 13C NMR (100 MHz, CDCly): §
193.8, 169.5, 147.3, 140.4, 134.2, 130.3, 129.9, 129.6, 127.6, 126.0, 124.2, 120.4,
118.0, 70.1, 24.8; HRMS (ESI): calculated [M+H]" for C;sH;3BrNO,: 330.01242,
found [M+H]*: 330.01256.

(o]
c.
N
Ac

3q 1-Acetyl-2-(4-chlorophenyl)indolin-3-one (3q). White solid,
Reaction time: 14 h; Yield: 40%; m. p.: 120-121 °C; 'THNMR (400 MHz, CDCls):
8.68 (d, J = 5.4 Hz, 1H), 7.77 — 7.60 (m, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.28 — 7.20 (m,
3H), 5.17 (s, 1H), 2.07 (s, 3H); 13C NMR (100 MHz, CDCLy): & 194.7, 169.3, 154.0,
138.0, 135.1, 133.3, 130.0, 127.4, 125.2, 122.9, 118.9, 69.2, 24.8; HRMS (ESI):
calculated [M+H]" for C;sH3CINO,: 286.06293, found [M+H]*: 286.06286.

References

1) Y. Z. Liu, J. Zhang, P. F. Xuand Y. C. Luo, J. Org. Chem. 2011, 76, 7551—
7555.

2)Y.Z. Liu, R. L. Chen and P. F. Xu, J. Org. Chem. 2011, 76, 2884 — 2887.

3) W. S. Shun, L. Hong and R. Wang, Chem. Eur. J. 2011, 17, 6030 — 6033.

NMR spectrogram
S7



0000—

86—

tELE—

[AAWE]
LA
EBL'L
1%
bET'L
BEE LA
ee'L

gL
55924
(Wi Ve

098
9zo'ae

NM

IR

o

FETE

Foo

35 30 25 20 15 10 05 00 05

1 (ppm)

95 90 85 B0 75 70 65 60 55 50 45 40

10.5

Seve—

vaEe—
$B0L
97414
8gLLd

848
VO'ETh|
mo.mm_z__‘__,
66'52H
€062
SLECH =
197l —
86 L6

90'vEL—

E9'6aL—

F2GBL—

T
-40

T
-20

T T T T T
160 140 120 100 a0 60 40 20

T
180

S8



0000—

BLOE—

TLE—

85—

1089
chay
1189
EFPR'Y
g
9569
w@m"ww.

£5EL
44
[:18 ».hw
WeLL
szt
et

|

15 10 05 00 -05

20

35 30 25

45 40
f1 (ppm)

5.0

70 65 60 55

75

8.0

85

9.0

9.5

105

BLYE—

B¥'e5—

B9BO—
rE9L
9z'LL
8gLL!

PELLET

BEELLY
P0G
BOBLEAC

86221
BTl
Z80EL—
Zh el —
gL
86'E5L—
B 09L—

G569 —

0066 —

-40

-20

20

40

60

ao

100
f1 (ppm)

S9

220 200 180 160 140 120

240




0oo0—

SO0E—

BOLE—

GBO'G—

9640+
BeEL'D
0FL'G
89L's
8L
108°9
908'9
8k L—=
fRb
9r9'L
BF9'L
999'24
19914
965°8
g

-1.0

20 15 10 05 00 -05

25

35 30

40

45
prm)

5.0
1 (p

5.5

6.0

70 65

80 75

90 85

9.5

10.5

0EVYE—

2655 —

SU69—
PB9L
911
8gLLd

BBy
90'F by,
608k
AN
56 P —
el —
BBEL—
€8 L

B0 PG L —
S5°091—

S5EGE—

WOGEL—

20

40

&0

80

100
f1 (ppm)

S10

220 200 180 160 140 120

240




0000
£00°

GE0E—

HIEE—

9LL'5—

L]

wow.m

o ___._mﬂx_.,‘k_k,,_ |

-0.5

0.0

10 05

20 15

25

35 30

60 55 50 45 40
1 (ppm)

6.5

75 70

8.0

8.5

9.0

9.5

105

B¥rE—

0Z'95—
ESTe—

vm.wh
uN.th
8§5'LL

ZLEH—

0FEL—
v LzL-f
66" LT
o8 ezLy
00" $2 1|
o ¥ELy
|
H 4
o))
v

G5E9L—

o' 96—

1

120 100 60
f1 (ppm

140

220 200

240

)

S11



0000—

BLLb—
BEE —

L8E—
Pivi—

065'5—

E69°9—
S68'9—

£l _,.._.U.
4654
9p9' I~
mwm.h_.vnn
okL L
zr

LBS'E—

L MLJJ\JH...JL b A

EHIE

Fsee
TIEE
EFROE

Foot

EED
500

Eril

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

9.5

10.5

9661,
om.oﬁwr
€712
BE¥ES

LaGe—

2804
EbLL
sriLd

DLEZ1
PEPEL
A
BE'BZ)—=
wroeLd
ZrhELdr
|
zosel!
09°ESH
mo.mﬁv

CL6RE—

FEBEL—

-40

-20

220 200 180 160 140 120 100 80 €0 40 20
f1 (ppm)

240

S12



-40

-20

20

40

&0

wy
<
0000— - = L2
|
(=]
L e
-
|“¥ &
—
266" — = To.m o
e Py rE—
G
L <
™
) .
w iG]
o L] SY'Eo—
=& s
- i
w
[ =
= [EETS
| =& Z89LL
na BOELE
- 5z
™ 89'ZZh
B25'5— 00 [ 5 5542k
BLYZLY
e 06'%ZL
o ELGZL
266'8 gz
9K L w 18 EL—
we0's o L LpLy
ek o0 99 vl
LBL" L o gk L <
EBL I — oL~ 8L ¥ —
gt ———————— P v 85—
w%mmv i Wwﬁ_‘,_‘ i _._.,u vLBOL—
hoo.&. 2 LheaLd
019" 24 Lo
g89' 1 o
€65’ _— Tm.o o SEPEL—
19" i
| =
(=1}
s
[ =
0
<

80

120 100
f1 (ppm)
S$13

140

F= 247 Hz
160

Jc-

200 180

220

240




ene—

EEE—

Ww2's—

P

wcm.m

TR | G O

EpLE

P

R,
)| 00k

———" va._.
L CEL
|IL_ FEEL

—— :
3 FoLe

= w_.o._.

T
25

30

35

45 40

5.0
f1 (ppm)

T T T T T T T
75 60 55

9.0

95

00 -05

10 05

15

2.0

70 65

85 8.0

10.5

08vE—

GEEG—

ES69—

n

sziid
8.4

SE'ELL,
28T
Wk

SL'GZL

GGzl

W=
68'0EL—
£LBEL—
el
Lo —

09891~
9C'69L

BEVEL—

100 80
f1 (ppm)

T
120

S14



000'0—

90—

GZE'G—

012 Ly
ZZ'L
GEE'L
B0E" L7
B0E"L
BIY L
005" L
Szl
SvL L
moh.h.__

BEE,

SOLE

H000L—

CHO

-0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.5

1.5

f1 (ppm)

aLve—

rre9—
¥6'9L
wn.tw_ﬂ_«
g5LL

THEE
69224

HSZ
92'5CH |
BY9EL
85064
m_w.Dm_.V.
0L —
o1BEL
0Lk

96'e51—

EZ6aL—

P~
O L

Ll 11

| - 1.‘JL¢J

-40

-20

220 200 180 160 140 120 100 80 60 40 20
f1 (ppm)

240

S15



000°0—

060°2—

0SL'5—

991 24
941L
2921
99z'L
(Vs
682 L

PRV
mmh.hu__ﬁ_.
vLLd-

9.9'8—

-0.5

0.0

10 05

1.5

20

LBYE—

3o 25

35

25'g9—

40

sz
652

50 45
1 (ppm)

SELEE,
08—~

Y252

55

6.0

WLl
BL'BEb—

6.5

70

085 b~
0665 L

75

L9 —

8.0

85

OF v E—

95 9.0

10.5

-F= 250Hz

i

-1

-40

-20

220 200 180 160 140 120 100 80 60 40 20
11 (ppm)
S16

240




0000—

[

260'5—

_VDD._.

il

261

P
|
1
i
—
|||||\
R
rae'k
oLk
. Fer
J
1
|
|
= nm_ T 80

35 30 25 20 15 10 05 00 -05

40

50 45
1 (ppm)

80 75 70 65 60 55

8.5

9.0

9.5

105

SEve—

¥589—

mn.h...u,«

ggied

PBEHy
DEBLLY
2B~
el —=
vEGzLY
IPEEL—
SCEEL—

LI —
68" Ll

ea—

bl —

-40

-20

220 200 180 160 140 120 100 80 60 40 20
1 (ppm)

240

S17



0oo'0—

91—

we'g—

1680,
bL89—~

89LL—
BT L
809'L—
2oL
]
e0sid
BEG B,

G558

=&

3k

GET
ov'G

-0.5

05 0.0

1.0

15

45 40 35 30 25 20

60 55 5.0

6.5

70

95 90 85 B0 75

10.5

1 (ppm)

BSvE—

EL'G9—
TN
PB'OL \

i =

gL’

SSBIL—
8v'Ezh—
18" L2 b7
e’
8L LEL—
99'6e1 <7
LB ZrL

MKPEL—

95°6aL—

L9861 —

-40

-20

220 200 180 160 140 120 100 80 60 40 20
f1 (ppm)

240

S18



000'0—

690°T—

FHe's—

L52° 4
6T L
0ZE" L
¥ L
LBt L
L6 Ly
G6F L

YEL I—
el of
o8’ |

]
508 L

FIL e
GeL g

tEn L,Ju,)‘._.‘ 7 R J‘

EHET

P80

raot
Eze0
=80z

Fers

Foou

15 -0.5

70 65 80 55

1.5

95 90 85 80

a5 30 25 20 10 05 00

50 45 40

f1 (ppm)

105

g8vT—

r6'69—
6L
wn._f_.wu_ﬁ
85°LL

LEELE
81
57’57}
86'5Th,
20°6T1
ZLBEL
R
ey
EDEZEL __

|
65°EEL-
e —

oL'89L—

91’561 —

u]

-40

-20

220 200 180 160 140 120 100 80 60 40 20
1 (ppm)

240

S19



0000—

0E—

Wes—

£S5 'L
8544
vLEL
BLL'L
9L
161°L

Lz
el
m...m.L_.u__.__ﬁ
G68°L-
TV

608
mmu.mv

]

A

M—

U s

—

—

wmo.m

%_._.._.

Feze
oL
BOE
50°F

%oo._,

-1.0

40 35 30 25 20 15 1.0 05 00

f1 (ppm)

70 B5 80 55 50 45

80 75

85

95 90

10.5

reve—

reBe—
vaL
9L
8gLLd

9B
8121
EB'EEL
96°ET | 4
8051
DE'BEL
3..m~_‘vu
06 EL—
£E'OF
vk
L0rvEL—

19'691—

ZE'G6 L —

i

&0

220 200 180 160 140 120 100
f1 (ppm)

T
240

S20



FEOD—
0000~

046" I—

b2 T—

G0L'5—

8L
nm_..n._
EBL'L
LOZ L
oL
[§: %
gL
S8 i
E0E" 2|
m_h..iﬁ
Ly i
=

B
ELS

N

o

e

e

Foee

E00E

02
EFL0E
07T

10 05 00 -05

15

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

9.5

10.5

O'kE—
vLvE—

oLoLi—

mn_._—_._ﬁu._,A

gt

LS'EEE

BTGL
OEGEL
LVEZEA

L E L
E9VZL—F

b g

B2 itk —
LE'E5L—

(L

Y2561 —

-40

-20

220 200 180 160 140 120 100 a0 60 40 20
1 (ppm)

240

S21



000'0—

Ge0e—

ZT5—

821y

GBE°L
Z5E"L )
08EL

BBE'L ]
EbyLY
Bl
Smgé
zvesd
009's:
Omm.mv

N o _L

L i._,' W

l

..uJ.vl UL,n

|

i)

Fore

Figo

=B¥'T
¢0E

Feoz

Foot

95

00 05

0.5

1.0

45 40 35 30 25 20 15

1 (ppm)

55 50

70 65 6.0

75

85 80

9.0

105

SLvE—

LO00L—

m.a.tu__ﬁ.
85°LLA

LT
SE'0E
LEveL
0L vZ 1y
56'GZ b
96'5Z1
B5'[Z |
62621

686714
e irl—

25691 —

-1

-40

-20

220 200 180 160 140 120 100 80 60 40 20
f1 (ppm)

240

S22



690°2—

SLL6—

022 19
Tl
T L
05Z'L
25T 14

vSE L
A
ZvL L
0gL

SL9
98y

cl

=3 &

J

%Nn.._‘

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)

9.5

10.5

CEvE—

91'69—

szesd
85LLY

588l
DB'ZZ b
GLGZ L
Izl

BEBZI—
VE'EELT
obsE L
Z0Ee L’
rsE—

—‘N.mm_.
_—_.m.mm_‘v

QL6 L—

-40

-20

220 200 180 160 140 120 100 a0 60 40 20
1 (ppm)

240

S23



