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1. General information and materials

Reagent: All the reactions were carried out under inert atmosphere. All the solvents used
for the reactions were dried according to standard procedures. All commercial materials were
used as received unless otherwise noted. All the hypervalent iodine reagents were synthesized
according to the literature procedure [':21 The indazoles, iodides, m-CPBA, TfOH, CuCl were
purchased from Adamas-beta. All the reactions were monitored by thin layer chromatography;
the spots were visualized by UV light. Purification of products was conducted by flash
chromatography on silica gel.

Instruments: NMR spectra were recorded on Bruker Ultrashield™ 500 MHz. Chemical shifts
were given relative to CDCI; (7.26 ppm for 'H NMR, 77.16 ppm for 3C NMR), DMSO-d; (2.50
ppm for 'H NMR, 39.52 ppm for '*C NMR); For the characterization of the observed signal
multiplicities, the following abbreviations were applied: s (singlet), d (doublet), dd (double doublet),
t (triplet), td (triple doublet), q (quartet), m (multiplet), as well as br (broad); High resolution ESI
mass experiments were operated on a Bruker Daltonics, Inc. APEXIII 7.0 TESLA FTMS

instrument.

2. Procedures for the Preparation of Starting Materials
General Procedure A for the Preparation of Hypervalent Iodine Reagents!!]

| m-CPBA, TfOH, Mesitylene QT
i
\ X
/N 0
R DCM, 0°C tort ‘/ _

R

To a solution of iodides (10.00 mmol, 1.0 eq), m-chloroperbenzoic acid (m-CPBA, 11.00 mmol, 1.1
eq) and mesitylene (11.00 mmol, 1.1 eq) in DCM (50.0 mL) was added TfOH (25.00 mmol, 2.5 eq)
dropwise at 0 °C. The mixture was stirred at room temperature for 3~12 h. The reaction mixture was
evaporated, and the residue was dissolved in cold diethyl ether (50.0 mL), and stirred at -20 °C for
1.5 h. White precipitates was formed and collected, washed with cold diethyl ether and dried under

vacuum to give the desired hypervalent iodine reagents (8a-q, 8av).

General Procedure B for the Preparation of Hypervalent Iodine Reagents!?]

1. BF3OEt, ,DCM, 0 °C ott
HO\B/\ 2. lodoarene |
|
b 8 h
3. KOTf, H,O R

The corresponding alkenyl boronic acid (5.00 mmol, 1.0 eq.) was suspended in dry CH,Cl, (25.0

mL) at 0 °C to which boron trifluoride diethyl etherate (6.00 mmol, 1.2 eq) was added dropwise via
syringe and stirred at this temperature for 15 minutes or until all the boronic acid had dissolved.
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Iodoarene diacetate (6.00 mmol, 1.2 eq.) was then added as a solution in CH,Cl, (25.0 mL) via
cannula under a positive pressure of nitrogen. The reaction mixture was stirred for 1 hour or until
complete consumption of the iodoarene diacetate, at which point potassium
trifluoromethanesulphonate (12.50 mmol, 2.5 eq) dissolved in H,O (25.0 mL) was added by the
syringe. The aqueous phase was extracted with CH,Cl, (3 x 50.0 mL) and the combined organic
phases dried (MgSO,), filtered, then concentrated in vacuo. The crude residue was then
recrystallized from CH,Cl,/Et,O or triturated with Et,O to obtain the desired compound (8as-u,

8aw).

3. Preparation and characterization Data of Products

oTf
RO Ro | CuCl (5 mmol%) o~ — R,
‘ A N + AN Ry— N
N \ NP N\ /
H “ DCM, 50 °C, Ar

7 8 10

General Procedure for synthesis of 2-substituted-2 H-indazoles. A sealed tube was charged with
1H-indazole substrates 7 (0.20 mmol), hypervalent iodine reagents 8 (0.24 mmol), CuCl (0.01
mmol). The tube was evacuated and backfilled with argon before 1.0 mL dichloromethane was
added. The reaction mixture was stirred at 50-120 °C for 12 h. After cooling to room temperature,
the mixture was diluted with dichloromethane, filtered through a plug of diatomite, concentrated
under vacuum and the residue was purified by chromatography on silica with a gradient eluent of
petroleum ether and ethyl acetate to give the corresponding products.

2-(p-Tolyl)-2H-indazole (10aa)

)
N
White solid in 92 % yield (38.3 mg). '"H NMR (500 MHz, CDCls) & 8.37 (s, 1H), 7.81-7.77 (m, 3H),
7.71 (d, J = 8.5 Hz, 1H), 7.34-7.31 (m, 3H), 7.11 (t, J = 7.3 Hz, 1H), 2.42 (s, 3H); 3C NMR (125
MHz, CDCl;) 6 149.6, 138.3, 137.9, 130.1, 126.74, 126.72, 122.7, 122.4, 120.9, 120.4, 117.9, 21.1;

HRMS (ESI) m/z calculated for C14H 3N, (M + H)* 209.1079, found 209.1076.
4-Chloro-2-(p-tolyl)-2H-indazole (10ba)

Cl
-
N‘(i :>7
~. 7/
N

Light yellow solid in 92 % yield (44.7 mg). '"H NMR (500 MHz, CDCl;) 6 8.42 (s, 1H), 7.78 (d, J
=8.3 Hz, 2H), 7.69 (d, J= 8.7 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.23 (t, /= 7.4 Hz, 1H), 7.10 (d, J
=7.1Hz, 1H); 2.41 (s, 3H); 3C NMR (125 MHz, CDCl;) 4 150.0, 138.4, 138.0, 130.2, 126.9, 125.4,
123.0, 121.4, 120.9, 120.0, 116.6, 21.1; HRMS (ESI) m/z calculated for C;4H;,CIN, (M + H)*
243.0689, found 243.0687.

4-Fluoro-2-(p-tolyl)-2H-indazole (10ca)

F
-
N‘(i :>7
~. 7/
N
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White solid in 88 % yield (39.8 mg). '"H NMR (500 MHz, CDCl;) & 8.42 (s, 1H), 7.77 (d, J = 8.3
Hz, 2H), 7.58 (d, /= 8.7 Hz, 1H), 7.31 (d, J = 8.2 Hz, 2H), 7.25-7.21 (m, 1H), 6.74-6.70 (m, 1H),
2.41 (s, 3H); 3C NMR (125 MHz, CDCl3) 8 156.7 (d, Jc.r = 252.6 Hz), 151.9 (d, Jor = 5.5 Hz),
138.4, 138.0, 130.2, 126.7 (d, Jo.r = 7.0 Hz), 120.9, 117.7 (d, Jc.r = 4.1 Hz), 114.7 (d, Jc.p = 19.7
Hz), 113.9 (d, Jc.r = 4.6 Hz), 104.9 (d, Jcr = 17.3 Hz), 21.0; HRMS (ESI) m/z calculated for
Ci4sH,FN, (M + H)* 227.0985, found 227.0986.

5-Methoxy-2-(p-tolyl)-2 H-indazole (10da)

MeO
N
~_ /
N

White solid in 95 % yield (45.3 mg). 'H NMR (400 MHz, CDCl;) & 8.21 (s, 1H), 7.74 (d, J = 8.4
Hz, 2H), 7.70 (d, J= 9.3 Hz, 1H), 7.30 (d, J = 8.3 Hz, 2H), 7.04 (dd, J = 9.4 Hz, 2.4 Hz, 1H), 6.89
(d, J=2.2 Hz, 1H), 3.84 (s, 3H), 2.41 (s, 3H); 1*C NMR (125 MHz, CDCl;) § 155.5, 146.6, 138.4,
137.5, 130.1, 122.7, 121.8, 120.5, 119.3, 119.2, 96.3, 55.4, 21.0; HRMS (ESI) m/z calculated for
Ci5HisN,O (M + H)* 239.1184, found 239.1181.

2-(p-Tolyl)-2H-indazol-5-ol (10ea)

HO
\©j\N
~ 7/
N

7e (0.20 mmol, 26.8 mg), 8a (0.24 mmol, 116.7 mg) and CuCl (0.01 mmol, 5.00 mmol%, 1.0 mg)
were weighed into a pressure tube, to which was added THF (1.0 mL) under N,. The reaction
mixture was stirred for 12 h at 50 °C. The crude residue was filtered through celite, evaporated, and
then recrystallized from CHCl; to obtain the desired compound as a yellow solid 10ea in 82 % yield
(36.9 mg). 'H NMR (500 MHz, DMSO-dy) 8 9.37 (s, 1H), 8.71 (s, 1H), 7.90 (d, J = 8.3 Hz, 2H),
7.58 (d,J=9.2 Hz, 1H), 7.34 (d, J = 8.2 Hz, 2H), 6.96 (dd, /=9.2 Hz, 1.9Hz, 1H), 6.89 (d, J= 1.7
Hz, 1H), 2.35 (s, 3H); 3C NMR (125 MHz, DMSO-dq) & 152.7, 145.9, 138.4, 137.2, 130.5, 123.5,
121.9, 120.1, 119.4, 119.1, 99.9, 20.9; HRMS (ESI) m/z calculated for C;4H3N,0 (M + H)*
225.1028, found 225.1023.

5-Chloro-2-(p-tolyl)-2H-indazole (10fa)

cl

//N

=N C
White solid in 88 % yield (42.7 mg). '"H NMR (400 MHz, CDCl3) § 8.28 (s, 1H), 7.75-7.71 (m, 3H),
7.65 (d, J=1.7 Hz, 1H), 7.31 (d, J = 8.2 Hz, 2H), 7.25 (dd, /=9.2 Hz, 1.7 Hz, 1H), 2.42 (s, 3H);
I3C NMR (125 MHz, CDCl;) § 147.9, 138.3, 138.0, 130.2, 128.0, 127.9, 123.0, 120.7, 119.9, 119.4,

119.0, 21.1; HRMS (ESI) m/z calculated for C4H;,CIN, (M + H)" 243.0689, found 243.0687.
5-Nitro-2-(p-tolyl)-2H-indazole (10ga)

O,N
\Kr/ C
N
~ 7/
N

Yellow solid in 81 % yield (41.0 mg). "H NMR (500 MHz, CDCls) & 8.78 (d, J = 1.6 Hz, 1H), 8.65
(s, 1H), 8.14 (dd, J = 9.5 Hz, 2.0 Hz, 1H), 7.84 (d, /= 9.5 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.37
(d, J=8.2 Hz, 2H), 2.45 (s, 3H); '3C NMR (125 MHz, CDCl;) § 150.4, 143.5, 139.3, 137.5, 130.4,
124.3,121.04, 120.98, 120.9, 119.5, 118.9, 21.1; HRMS (ESI) m/z calculated for C14H;2N30, (M +
H)* 254.0930, found 254.0932.

Methyl 2-(p-tolyl)-2H-indazole-5-carboxylate (10ha)

MeOOC
N
~ 7/
N
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White solid in 84 % yield (44.7 mg). '"H NMR (500 MHz, CDCl3) 8 8.51 (s, 1H), 8.46 (s, 1H), 7.93
(d,J=9.0 Hz, 1H), 7.77-7.74 (m, 3H), 7.30 (d, J = 8.1 Hz, 2H), 3.93 (s, 3H), 2.40 (s, 3H); 3C NMR
(125 MHz, CDCl;) 6 167.4, 150.7, 138.6, 137.8, 130.2, 126.4, 125.1, 124.3, 122.7, 122.0, 120.9,
117.7,52.1, 21.1; HRMS (ESI) m/z calculated for C,¢H;5N,O, (M + H)* 267.1134, found 267.1130.
5-Todo-2-(p-tolyl)-2 H-indazole (10ia)

|
O
=N
White solid in 87 % yield (58.1 mg). 'H NMR (500 MHz, CDCls) & 8.22 (s, 1H), 8.04 (s, 1H), 7.72
(d, J= 8.4 Hz, 2H), 7.55-7.48 (m, 2H), 7.29 (d, /= 8.2 Hz, 2H), 2.40 (s, 3H); 3*C NMR (125 MHz,
CDCl3) 6 148.0, 138.3, 137.8, 135.2, 130.2, 129.3, 124.9, 120.8, 119.8, 119.2, 86.6, 21.1; HRMS (ESI)
m/z calculated for C4H,IN, (M + H)* 335.0045, found 335.0043.

6-Fluoro-2-(p-tolyl)-2H-indazole (10ja)

=
N
~ /
F N

White solid in 85 % yield (38.5 mg). 'H NMR (400 MHz, CDCl;) & 8.34 (s, 1H), 7.74 (d, J = 8.4
Hz, 2H), 7.67-7.64 (m, 1H), 7.38 (d, J=9.9 Hz, 1H), 7.32 (d, J = 8.3 Hz, 2H), 6.94-6.89 (m, 1H),
2.42 (s, 3H); *C NMR (125 MHz, CDCl3) 8 163.0 (d, Jc.r = 242.6 Hz), 149.6 (d, Jc.r = 13.1 Hz),
138.08, 138.05, 130.1, 122.3 (d, Jc.r = 10.7 Hz), 120.8, 120.7, 120.0, 114.2 (d, Jor = 28.3 Hz),
101.0 (d, Jer = 23.6 Hz), 21.0; HRMS (ESI) m/z calculated for C;4H;,FN, (M + H)" 227.0985,
found 227.0986.

6-Bromo-2-(p-tolyl)-2H-indazole (10ka)

eSS
N
-~ 7/
Br N

White solid in 89 % yield (51.1 mg). '"H NMR (500 MHz, CDCls) & 8.29 (s, 1H), 7.96 (s, 1H), 7.73
(d, J=8.2 Hz, 2H), 7.55 (d, J=8.9 Hz, 1H), 7.30 (d, /= 8.1 Hz, 2H), 7.17 (d, /= 8.8 Hz, 1H), 2.41
(s, 3H); 3C NMR (125 MHz, CDCls) 6 150.2, 138.3, 137.9, 130.2, 126.1, 121.80, 121.78, 121.2,
120.8, 120.7, 120.2, 21.1; HRMS (ESI) m/z calculated for C,;H,BrN, (M + H)* 287.0184, found
287.0185.
3-Chloro-2-(p-tolyl)-2H-indazole (101a)

cl

=
N
~. 7
N

White solid in 86 % yield (41.7 mg). '"H NMR (400 MHz, CDCls) & 7.73 (d, J = 8.8 Hz, 1H), 7.63
(d, J= 8.5 Hz, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.37-7.33 (m, 3H), 7.18-7.14 (m, 1H), 2.46 (s, 3H);
IBCNMR (125 MHz, CDCls) & 148.5,139.3, 136.1, 129.7, 127.5, 125.5, 122.7, 119.8, 119.5, 119.0,
118.2, 21.3; HRMS (ESI) m/z calculated for C4H;,CIN, (M + H)" 243.0689, found 243.0687.
2-(p-Tolyl)-2H-indazole-3-carbaldehyde (10ma)

CHO

//N

=N C

White solid in 45 % yield (21.3 mg). '"H NMR (500 MHz, CDCls) 8 10.09 (s, 1H), 8.32 (d, J = 8.1
Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.49-7.40 (m, 4H), 2.49 (s, 3H); 13C

NMR (125 MHz, CDCl;) 6 180.2, 148.4, 140.4, 136.3, 132.2, 130.1, 127.7, 127.0, 126.2, 123.3,
121.0, 118.6, 21.3; HRMS (ESI) m/z calculated for CsH;3N,O (M + H)* 237.1028, found 237.1025.
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Methyl 2-(p-tolyl)-2H-indazole-3-carboxylate (10na)
COOMe

O

White solid in 92 % yield (49.0 mg). 'H NMR (500 MHz, CDCl3) 6 8.11 (d, J = 8.5 Hz, 1H), 7.87
(d, J=8.6 Hz, 1H), 7.43-7.40 (m, 3H), 7.36-7.32 (m, 3H), 3.92 (s, 3H), 2.46 (s, 3H); 3C NMR (125
MHz, CDCl;) 6 160.0, 148.4, 139.5, 138.5, 129.3, 127.0, 126.0, 125.5, 124.8, 123.9, 121.5, 118.6,
51.9, 21.3; HRMS (ESI) m/z calculated for C,¢H;sN>O, (M + H)* 267.1134, found 267.1130.
2-(2-(p-Tolyl)-2H-indazol-3-yl) isoindoline-1, 3-dione (100a)

o
N™ o

O

Yellow solid in 82 % yield (58.0 mg). 'H NMR (500 MHz, CDCls) § 7.92-7.90 (m, 2H), 7.83 (d, J
= 8.8 Hz, 1H), 7.78-7.77 (m, 2H), 7.47-7.44 (m, 3H), 7.37 (t, /= 7.0 Hz, 1H), 7.21 (d, J = 8.0 Hz,
2H), 7.17 (t, J = 7.4 Hz, 1H), 2.33 (s, 3H); 3C NMR (125 MHz, CDCl;) & 166.2, 148.4, 139.4,
136.2, 135.0, 131.5, 130.0, 127.1, 124.7, 124.4, 123.7, 121.4, 119.4, 118.7, 118.3, 21.2; HRMS
(ESI) m/z calculated for C,H6N30, (M + H)" 354.1243, found 354.1240.

2-Phenyl-2H-indazole (10ab)

White solid in 88 % yield (34.2 mg). '"H NMR (500 MHz, CDCl;) & 8.42 (s, 1H), 7.92 (d, J = 7.8
Hz, 2H), 7.82 (d, /= 8.8 Hz, 1H), 7.73 (d, J= 8.5 Hz, 1H), 7.53 (t,J="7.7 Hz, 2H), 7.41 (t, J=7.4
Hz, 1H), 7.34 (t, J= 6.9 Hz, 1H), 7.13 (t, J = 7.9 Hz, 1H); '*C NMR (125 MHz, CDCl;)  149.8,
140.6, 129.6, 127.9, 126.9, 122.8, 122.5, 121.0 (2C), 120.4, 118.0; HRMS (ESI) m/z calculated for
Ci3Hj 1N, (M + H)* 195.0922, found 195.0920.

2-(o-Tolyl)-2H-indazole (10ac)

-0

White solid in 84 % yield (35.0 mg). '"H NMR (500 MHz, CDCl;) 6 8.13 (s, 1H), 7.85 (d, J = 8.8
Hz, 1H), 7.78 (d, J = 8.5 Hz, 1H), 7.47-7.36 (m, 5H), 7.18 (t, J = 7.7 Hz, 1H), 2.28 (s, 3H); 13C
NMR (125 MHz, CDCl;) 6 149.3, 140.4, 134.0, 131.3, 129.2, 126.64, 126.60, 126.4, 124.4, 122.2,
122.0, 120.3, 117.9, 17.9; HRMS (ESI) m/z calculated for C;4H;sN, (M + H)* 209.1079, found
209.1076.

2-(2-Bromophenyl)-2 H-indazole (10ad)

Br,

O

Light yellow liquid in 54 % yield (29.5 mg). 'H NMR (500 MHz, CDCl;) & 8.30 (s, 1H), 7.82 (d, J
= 8.8 Hz, 1H), 7.77-7.75 (m, 2H), 7.63 (d, J = 7.8 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.38-7.34 (m,
2H), 7.15 (t, J = 7.5 Hz, 1H); *C NMR (125 MHz, CDCL3) & 149.4, 140.3, 133.8, 130.5, 128.9,
128.3, 126.9, 125.2, 122.5, 121.9, 120.6, 119.0, 118.0; HRMS (ESI) m/z calculated for C13H;oBrN,
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(M +H)* 273.0027, found 273.0025.
2-(2~(Trifluoromethyl) phenyl)-2H-indazole (10ae)
FaC

-

N

~ /

N

White solid in 15 % yield (7.9 mg). '"H NMR (500 MHz, CDCI3) 8 8.21 (s, 1H), 7.87 (d, J= 7.7 Hz,
1H), 7.80 (d, J = 8.8 Hz, 1H), 7.75-7.70 (m, 2H), 7.66-7.63 (m, 2H), 7.36 (t, /= 8.5 Hz, 1H), 7.15
(t, J= 7.8 Hz, 1H); 3C NMR (125 MHz, CDCls) & 149.6, 139.0 (q, Jc.r = 1.4 Hz), 132.7, 129.6,
127.2 (q, Je.r = 5.0 Hz), 127.0, 126.4, 126.2, 125.8 (q, Jc.r = 1.8 Hz), 124.0 (q, Jc.r = 271.7 Hz),
122.6, 122.1, 120.4, 117.9; HRMS (ESI) m/z calculated for C;4H;(F;N, (M + H)* 263.0796, found
263.0792.

2-(2-Chlorophenyl)-2H-indazole (10af)

Cl

-0

Colorless liquid in 47 % yield (21.5 mg). "H NMR (500 MHz, CDCl3) & 8.35 (s, 1H), 7.81 (d, J =
8.8 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 7.71-7.69 (m, 1H), 7.60-7.58 (m, 1H), 7.46-7.41 (m, 2H),
7.36 (t,J = 7.0 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H); 3C NMR (125 MHz, CDCl3)  149.2, 138.4, 130.7,
130.1, 129.0, 128.6, 127.8, 127.2, 125.4, 122.6, 121.9, 120.6, 117.8; HRMS (ESI) m/z calculated for
C13HoN,Cl (M + H)* 229.0533, found 229.0531.

2-(m-Tolyl)-2H-indazole (10ag)

-0

Light yellow liquid in 91 % (37.9 mg). '"H NMR (500 MHz, CDCl;) 3 8.40 (s, 1H), 7.82 (d, /= 8.8
Hz, 1H), 7.77 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.67 (d, /= 7.9 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H),
7.33 (t,J="1.1 Hz, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.12 (t, J= 7.3 Hz, 1H), 2.47 (s, 3H); '3C NMR
(125 MHz, CDCls) 6 149.7, 140.5, 139.8, 129.4, 128.7, 126.8, 122.7, 122.4, 121.8, 120.5, 120.4,
118.0, 117.9, 21.5; HRMS (ESI) m/z calculated for C,4H;3N, (M + H)* 209.1079, found 209.1076.
2-(3-(Trifluoromethyl) phenyl)-2H-indazole (10ah)

CF3

S

White solid in 86 % yield (45.1 mg). "H NMR (500 MHz, CDCls) 8 8.44 (s, 1H), 8.22 (s, 1H), 8.10-
8.09 (m, 1H), 7.80 (d, J= 8.8 Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.65-7.64 (m, 2H), 7.35 (t, /= 7.8
Hz, 1H), 7.13 (t,J= 7.4 Hz, 1H); 3C NMR (125 MHz, CDCl) 4 150.1, 140.9, 132.6 (q, Jc.r = 32.9
Hz), 130.2,127.4, 124.7 (q, Jc.r =270.8 Hz), 124.4 (q, Jc.r= 3.8 Hz), 123.7, 123.02, 122.99, 120.5,
120.4, 118.0, 117.9 (q, Jcr = 3.8Hz); HRMS (ESI) m/z calculated for C4H;oF;N, (M + H)*
263.0796, found 263.0792.

2-(3-Bromophenyl)-2 H-indazole (10ai)

—
N
~_ /
N
Br
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White solid in 87 % yield (47.5 mg). '"H NMR (500 MHz, CDCl3) 8 8.37 (s, 1H), 8.12 (s, 1H), 7.83
(d,J=8.0Hz, 1H), 7.79 (d, J=8.8 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.52 (d, /= 8.0 Hz, 1H), 7.38-
7.32 (m, 2H), 7.12 (t, J = 7.8 Hz, 1H); 3C NMR (125 MHz, CDCl;) § 150.0, 141.5, 130.9, 130.8,
127.34, 127.32, 124.0, 123.3, 122.9, 120.5, 120.4, 119.2, 118.0; HRMS (ESI) m/z calculated for
Ci3HoN,Br (M + H)* 273.0027, found 273.0029.

3-(2H-Indazol-2-yl) benzonitrile (10aj)

CN

—
N
~ 7
N

White solid in 56 % yield (24.5 mg). 'H NMR (500 MHz, CDCls)  8.41 (s, 1H), 8.24 (s, 1H), 8.16
(d, J=17.7Hz, 1H), 7.77 (d, J= 8.7 Hz, 1H), 7.70 (d, J = 8.5 Hz, 1H), 7.66-7.61 (m, 2H), 7.34 (t,J
=6.9 Hz, 1H), 7.13 (t,J = 7.1 Hz, 1H); 3C NMR (125 MHz, CDCl;) § 150.2, 141.0, 131.1, 130.6,
127.7, 124.6, 124.0, 123.3, 123.1, 120.5, 120.3, 118.0, 117.8, 113.9; HRMS (ESI) m/z calculated
for C4H;3N, (M + H)* 220.0875, found 220.0870.

2-([1, 1'-Biphenyl]-4-yl)-2H-indazole (10ak)

)
N Ph
~ /
N

White solid in 72 % yield (38.9 mg). '"H NMR (500 MHz, CDCl;) & 8.45 (s, 1H), 8.00 (d, J = 8.3
Hz, 2H), 7.83 (d, J = 8.7 Hz, 1H), 7.76-7.72 (m, 3H), 7.66 (d, J = 7.5 Hz, 2H), 7.48 (t, J= 7.4 Hz,
2H), 7.40 (t,J=7.4 Hz, 1H), 7.35 (t,J=7.3 Hz, 1H), 7.14 (t, /= 7.2 Hz, 1H); 3C NMR (125 MHz,
CDCls) 6 149.8, 140.9, 139.9, 139.6, 129.0, 128.2, 127.8, 127.1, 127.0, 122.9, 122.6, 121.2, 120.42,
120.37, 118.0; HRMS (ESI) m/z calculated for CioH;sN» (M + H)* 271.1235, found 271.1231.
2-(4-Bromophenyl)-2 H-indazole (10al)

O
N Br
~ /
N

White solid in 84 % yield (45.9 mg). 'H NMR (500 MHz, CDCl;) & 8.35 (s, 1H), 7.78 (d, J = 8.8
Hz, 3H), 7.69 (d, J= 8.5 Hz, 1H), 7.63 (d, /= 8.7 Hz, 2H), 7.33 (t,/=7.2 Hz, 1H), 7.12 (t, J= 7.3
Hz, 1H); 13C NMR (125 MHz, CDCls) & 149.9, 139.5, 132.7, 127.2, 122.9, 122.8, 122.3, 121.5,
120.4, 120.3, 117.9; HRMS (ESI) m/z calculated for C3H;(BrN, (M + H)* 273.0027, found
273.0025.

2-(4-Fluorophenyl)-2H-indazole (10am)

W
N

White solid in 85 % yield (36.1 mg). "H NMR (500 MHz, CDCls) 6 8.33 (s, 1H), 7.87-7.84 (m, 2H),
7.79 (d, J=8.8 Hz, 1H), 7.71 (d, J= 8.5 Hz, 1H), 7.33 (t,J=7.5 Hz, 1H), 7.21 (t, /= 8.3 Hz, 2H),
7.12 (t,J=17.5 Hz, 1H); BC NMR (126 MHz, CDCl;) 8 163.0 (d, Jo.r = 246.1 Hz), 149.8, 136.9, 127.0,
122.85, 122.80 (d, Jc.r = 8.5 Hz), 122.6, 120.5, 120.4, 117.9, 116.6 (d, Jc.r = 22.9 Hz);. HRMS (ESI)
m/z calculated for C;3H(N,F (M + H) *213.0828, found 213.0829.
2-(4-Chlorophenyl)-2H-indazole (10an)

=
~ 7/
N

White solid in 85 % yield (38.8 mg). '"H NMR (500 MHz, CDCl;) 8 8.35 (s, 1H), 7.84 (d, J = 8.7
Hz, 2H), 7.79 (d, J= 8.8 Hz, 1H), 7.69 (d, J= 8.5 Hz, 1H), 7.49 (d, /= 8.6 Hz, 2H), 7.33 (t,/=7.4
Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H); 3C NMR (125 MHz, CDCl;) & 149.9, 139.0, 133.6, 129.7, 127.2,
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122.9, 122.8, 122.0, 120.4, 120.4, 117.9; HRMS (ESI) m/z calculated for C3H;(N,Cl (M + H)*
229.0533, found 229.0531.
2-(4-(Trifluoromethyl) phenyl)-2 H-indazole (10a0)

=
N CF;
~ /
N

White solid in 89 % yield (46.7 mg). 'H NMR (500 MHz, CDCI;) & 8.45 (s, 1H), 8.06 (d, J = 8.4
Hz, 2H), 7.79 (d, J= 8.5 Hz, 3H), 7.71 (d, J= 8.5 Hz, 1H), 7.35 (t. /=69 Hz, 1H), 7.13 (t, /J="7.7
Hz, 1H); 3C NMR (125 MHz, CDCl;) 8 150.2, 142.9, 129.9 (q, Jc.r = 33.3 Hz), 127.5, 126.9 (q,
Jer=3.6 Hz), 124.9 (q, Jc.r=270.4 Hz), 123.09, 123.06, 120.8, 120.5, 120.4, 118.1; HRMS (ESI)
m/z calculated for C4H(F3N, (M + H)" 263.0796, found 263.0792.

Ethyl 4-(2H-indazol-2-yl) benzoate (10ap)

—
- /N COOEt
N

White solid in 70 % yield (37.3 mg). '"H NMR (500 MHz, CDCl;) 8 8.44 (s, 1H), 8.19 (d, J = 8.7
Hz, 2H), 7.99 (d, J= 8.7 Hz, 2H), 7.78 (d, /= 8.8 Hz, 1H), 7.68 (d, /= 8.5 Hz, 1H), 7.32 (t, /= 6.8
Hz, 1H), 7.11 (t,J= 7.8 Hz, 1H), 4.41 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); 3C NMR (125
MHz, CDCl) 6 165.7, 150.2, 143.5, 131.1, 129.6, 127.5, 123.00, 122.98, 120.53, 120.51, 120.2,
118.0, 61.3, 14.4; HRMS (ESI) m/z calculated for C,¢H;5N,O, (M + H)* 267.1134, found 267.1130.
4-(2H-Indazol-2-yl) phenol (10aq)

S
N

White solid in 83 % yield (34.9 mg).'"H NMR (500 MHz, DMSO-ds) & 9.86 (s, 1H), 8.90 (s, 1H),
7.87 (d, J=8.8 Hz, 2H), 7.75 (d, /= 8.4 Hz, 1H), 7.69 (d, J= 8.7 Hz, 1H), 7.28 (t, J=7.1 Hz, 1H),
7.08 (t, J = 7.7 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H); 3C NMR (125 MHz, DMSO-dy) 8 157.7, 149.0,
132.7, 126.7, 122.8, 122.3, 122.2, 121.4, 121.2, 117.7, 116.4; HRMS (ESI) m/z calculated for
C3H 1IN, O (M + H)* 211.0871, found 211.0867.

2-(3, 5-Dimethylphenyl)-2 H-indazole (10ar)

—

N

~ /

N

White solid in 88 % yield (39.1 mg). "H NMR (500 MHz, CDCl;) & 8.39 (s, 1H), 7.81 (d, J = 8.8
Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.52 (s, 2H), 7.33 (t, /= 7.3 Hz, 1H), 7.11 (t, J= 7.3 Hz, 1H),
7.04 (s, 1H), 2.42 (s, 6H); 3C NMR (125 MHz, CDCl;) 8 149.6, 140.4, 139.5, 129.6, 126.8, 122.7,
122.3, 120.5, 120.4, 118.8, 117.9, 21.4; HRMS (ESI) m/z calculated for C;sH;sN, (M + H)"
223.1235, found 223.1232.

(E)-2-(4-Fluorostyryl)-2H-indazole (10as)

@NW/@F

White solid in 85 % yield (40.5 mg). 'H NMR (500 MHz, CDCl;) & 8.13 (s, 1H), 7.74 (d, J = 8.8
Hz, 1H), 7.67-7.65 (m, 2H), 7.50-7.47 (m, 3H), 7.33 (t, J = 7.2 Hz, 1H), 7.12-7.07 (m, 3H); 13C
NMR (125 MHz, CDCls) § 163.7 (d, Je.r = 247.1 Hz), 149.6, 130.6 (d, Je.r = 3.3 Hz), 128.3 (d, Je.r
=8.0 Hz), 1274, 126.3, 122.7,122.3, 121.9, 120.4, 120.2, 117.5, 116.1 (d, Jc.r = 21.7 Hz); HRMS
(ESI) m/z calculated for C;sH,FN, (M + H)* 239.0985, found 239.0985.
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(E)-2-(Pent-1-en-1-yl)-2H-indazole (10at)

White solid in 87 % yield (32.4 mg). '"H NMR (500 MHz, CDCI;) & 8.00 (s, 1H), 7.71 (d, J = 8.8
Hz, 1H), 7.63 (d, J = 8.4 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H), 7.09-7.05 (m, 2H), 6.55-6.50 (m, 1H),
2.24 (q,J= 7.2 Hz, 2H), 1.59-1.52 (m, 2H), 0.99 (t, J = 7.3 Hz, 3H); 3*C NMR (125 MHz, CDCl5)
0 149.2,127.7, 126.8, 122.9, 122.2, 122.0, 120.9, 120.2, 117.5, 31.8, 22.4, 13.7, HRMS (ESI) m/z
calculated for C,H;sN, (M + H)* 187.1235, found 187.1236.

(E)-2-Styryl-2H-indazole (10au)

0

White solid in 86 % yield (37.9 mg). 'H NMR (500 MHz, CDCls) 6 8.13 (s, 1H), 7.75-7.71 (m, 2H),
7.66 (d, J= 8.5 Hz, 1H), 7.52-7.49 (m, 3H), 7.40 (t, J= 7.4 Hz, 2H), 7.33-7.31 (m, 2H), 7.10 (t, /=
7.3 Hz, 1H); 3C NMR (125 MHz, CDCl;) § 149.7, 134.4, 129.0, 128.3, 127.3, 126.7, 126.6, 122.6,
122.3, 121.9, 121.3, 120.3, 117.5; HRMS (ESI) m/z calculated for C;sH;3N, (M + H)* 221.1079,
found 221.1070.

2-(Thiophen-3-yl)-2H-indazole (10av)

=

White solid in 72 % yield (28.8 mg). '"H NMR (500 MHz, CDCl;) 8 8.30 (s, 1H), 7.78 (d, J = 8.8
Hz, 1H), 7.69-7.67 (m, 2H), 7.57 (d, J = 5.1 Hz, 1H), 7.45-7.44 (m, 1H), 7.32 (t, /= 7.3 Hz, 1H),
7.11 (t, J = 7.4 Hz, 1H); *C NMR (125 MHz, CDCl;) & 149.4, 140.0, 127.0, 126.9, 122.6, 122.4,
121.0, 120.9, 120.3, 117.7, 113.7; HRMS (ESI) m/z calculated for C;;HoN,S (M + H)" 201.0486,
found 201.0486.

2-(Furan-3-yl)-2H-indazole (10aw)

White solid in 42 % yield (15.5 mg). '"H NMR (500 MHz, CDCl5) 4 8.19 (s, 1H), 8.03 (s, 1H), 7.76
(d,J=8.7Hz, 1H), 7.68 (d, J=8.4 Hz, 1H), 7.51 (d, J= 1.6 Hz, 1H), 7.32 (t, J=7.2 Hz, 1H), 7.11
(t,J=7.2 Hz, 1H), 6.91 (d, J = 1.1 Hz, 1H); 3*C NMR (125 MHz, CDCl3) & 149.6, 143.8, 133.4,
130.3, 126.9, 122.5, 122.3, 121.2, 120.1, 117.5, 105.1; HRMS (ESI) m/z calculated for C;;HyN,O
(M +H)" 185.0715, found 185.0714.

2-Mesityl-2H-indazole (11)

-

White solid. 'TH NMR (500 MHz, CDCl;) 8 7.97 (s, 1H), 7.83 (d, /= 8.2 Hz, 1H), 7.77 (d, J = 8.4
Hz, 1H), 7.35 (t, J= 7.5 Hz, 1H), 7.15 (t, J= 7.8 Hz, 1H), 7.00 (s, 2H), 2.37 (s, 3H), 1.96 (s, 6H);
I3C NMR (125 MHz, CDCl;) § 149.1, 139.3,137.3, 135.2, 128.8, 126.1, 124.7, 122.0, 121.9, 120.4,
118.1,21.2, 17.1; HRMS (ESI) m/z calculated for C;cH;7N, (M + H)* 237.1392, found 237.1391.
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4. Application: Synthesis of Selective Ligand for Estrogen Receptor

B

The procedure mainly contains two-step independent reactions from the starting material 1H-
indazol-5-ol (7p).
General synthetic route to Selective Ligand for Estrogen Receptor 8

1) CuCl, THF

OTf Cl
2) EtsN, AcCl  AcO _
3)NCS =N’

75 % one-pot

7p 8r 12

NaOH
94 % = / ( ;

Step 1: A sealed tube was charged with 1H-indazol-5-o0l 7p (26.8 mg, 0.20 mmol), hypervalent
iodine reagents 8 (117.2 mg, 0.24 mmol), CuCl (1.0 mg, 0.01 mmol). The tube was evacuated and
backfilled with argon before 1.0 mL THF was added. The reaction mixture was stirred at 80 °C for
12 h. After cooling to room temperature, trimethylamine (70.0 pl, 0.50 mmol) and acetyl chloride
(35.6 ul, 0.50 mmol) were directly added in the reaction by syringe. The reaction mixture was stirred
at room temperature for 4 h before N-Chlorosuccinimide (26.8 mg, 0.20 mmol) was weighed into
the reaction system and stirred at room temperature for another 4 h. After that, the mixture was
diluted with EtOAc, filtered through a plug of diatomite, concentrated under vacuum and the residue
was purified by chromatography on silica with a gradient eluent of petroleum ether and ethyl acetate
(20:1~5:1) to give the corresponding product 12 as a white solid in 75% yield.

Step 2: To a 68.9 mg of 12 (0.20 mmol, 1.0 eq) in 6.0 mL of THF/H,O (2:1) was added 75.2 mg of
NaOH (2.00 mmol, 10.0 equiv) in 1.0 mL of water. After 0.5 h, 1M HCI was added to make the pH
~ 4.0. The aqueous layer was extracted with DCM (20 ml x 3). The combined organic layer was
dried over Na,SQO,, filtered and evaporated. The crude residue was then recrystallized from CHCIl;
to obtain the desired compound 4 as a pale pink solid in 94% yield. "H NMR (500 MHz, DMSO-dj)
6 10.00 (s, 1H), 9.62 (s, 1H), 7.56-7.54 (d, J=9.2 Hz, 1H), 7.47-7.45 (d, J= 8.8 Hz, 2H), 7.00-6.98
(dd, J=9.2 Hz, 1H), 6.95-6.94 (d, J = 8.8 Hz, 2H), 6.71-6.71 (d, J = 1.6 Hz, 1H); 3C NMR (125
MHz, DMSO-dg) 6 158.5, 153.4, 144.4, 130.2, 127.4, 122.6, 119.9, 119.8, 116.3, 116.0, 97.5;
HRMS (ESI) m/z calculated for C,3H;(CIN,O, (M + H)* 261.0431, found 261.0424.
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5. Computational Calculations

Computational Details

All DFT calculations at the level of B3LYP/6-31+g(d,p) with the SMD solvation model of CH,Cl,
at 323.15 K were performed by Gaussian09 suite of Programs, Revision A.01.13 The key word “5d”
was specified to use 5 pure d functions. Geometry optimizations were carried out without any
constraint. Frequency calculations were performed for each stationary structure at the same level to
make sure that it is an equilibrium structure or a transition state and to provide free energies and
enthalpies at 323.15 K. All the free energies correspond to the reference state of 1 mol/L, 323.15 K,
dissolved in dichloromethane.

Cartesian Coordinates and Output Energies

CuOTf

01
Cu -2.36058300  -0.31129300  -0.00211000
0 -0.77267500 0.54097300  -0.74442500
S 0.48517200 0.91399100 0.02156600
0 1.33088300 1.85240500  -0.72971100
0 0.25486000 1.18041100 1.45188700
C 1.44503700  -0.70180200  -0.00119400
F 0.75680000  -1.67120100 0.63422000
F 1.67280700  -1.10819300  -1.26159100
F 2.62810500  -0.55125800 0.61640300

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

1H-indazole
01

-2601.811099

-2601.864008

C 1.64098800 1.10646900  -0.00002200
C 0.26384000  -0.67433900  -0.00005000
C 0.25823000 0.74657900  -0.00003500
H 2.08471000 2.09375000  -0.00007700
C -0.92391100  -1.42965200  -0.00005600
C -0.97085100 1.44029800 0.00001500
C -2.11706100  -0.72007600 0.00001000
H -0.90706100  -2.51538900  -0.00007700
C -2.14415000 0.69973500 0.00003800
H -0.99500900 2.52655900  -0.00001900
H -3.05744900  -1.26443100 0.00004200
H -3.10384600 1.20861500 0.00007900
N 1.57981100  -1.04276800  -0.00004300
N 2.41545000 0.03029300 0.00006000
H 1.96932100  -1.97585300 0.00053200
Sum of electronic and thermal Enthalpies= -379.752079
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Sum of electronic and thermal Free Energies=

2H-indazole
01

@)

zZIITInITzZzOo@Dm oo oo

H

-1.61869900
-0.27097100
-0.26188800
-2.12416800
0.94786500
0.96836600
2.12577900
0.94215700
2.13892600
0.98418100
3.07476500
3.09584100
-1.53527000
-2.29918800
-3.30783500

1.09215600
-0.70072900
0.73814000
2.04714700
-1.43058400
1.44802700
-0.71277600
-2.51693200
0.71786500
2.53451800
-1.24246300
1.23247200
-1.18451900
-0.07165100
-0.17415000

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

int0
01

@
=

OoowvoI@mpI@mIDOoOID D O@DOIXZO0O0oaoaan

-0.43094500
0.55640900
0.86895600
0.78491500
1.47816200
0.66329800
1.38931300
0.53523300
1.74144000
1.73702300
1.59020700
2.39623300
1.71888200
3.29879900
2.67737000

-2.28300800

-3.04830700

-3.95522100

-2.01439000

-4.10941600

-0.30910100
1.37212000
1.90618100
1.89304400
3.17621300
1.42398700
3.16232400
1.38701100
3.81190600
3.65862000
3.63107900
5.17273900
5.91888200
5.15583800
5.50878100

-1.73402000

-0.55288500

-0.69771600
0.58328800
0.01151000

S12

-379.793580

0.00000000
0.00001300
-0.00005500
0.00010400
0.00009700
-0.00003900
0.00011200
0.00005900
0.00004400
-0.00005200
0.00012400
0.00005500

-0.00028400

0.00007200
0.00016400
-379.746162
-379.787472

-0.16940600

-0.11880400
-1.34186200
1.13264500
-1.28303200
-2.29124000
1.13265300
2.05867700
-0.06187100
-2.22202100
2.09305700
-0.02124900
0.41026300
0.59972800
-1.02278600

-0.19245900
-0.68786800
-1.81823500

-0.82783000
0.76020100



M A0 QO » O ™™ T

F

-4.98773200
-3.33409300
-4.76577800
0.98197400
2.01673800
1.89554900
2.11023600
3.61789800
3.63280100
3.75722500
4.64836800

-0.94965900
0.24927400
1.12873300

-1.22047500

-2.08717000

-1.94194300
-3.41962300
-1.22468700

0.03298900
-1.20396400
-1.89332700

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

intl-1
01

@
=

ocrrrraopI@mDmI@Dmozmnoaooao@m ooz OO OoononO0n

0.26317200
1.15523600
1.76747100
1.17157100
2.51774800
1.70771400
1.93401300
0.64861300
2.61173100
3.03326400
1.98711200
-1.58930100
-3.30564900
-2.87758200
-0.89040400
-4.56748900
-3.72240500
-5.37420500
-4.88698300
-4.95939700
-3.40526600
-6.35648400
-5.63484800
3.43102900
2.85161600
4.31481800
3.77454800
-0.76148900

-0.00090200
1.69092800
2.36496300
2.04237200
3.49635900
2.05339500
3.17640900
1.48527800
3.91264500
4.04871000
3.48102600
1.89820000
1.85982500

2.43760200
2.08664700
2.13372300
3.33568300
3.01387800
1.67965500
3.61217300
3.78744900
3.25814800
4.29658700
5.12355000
5.81626000
4.83059400
5.66278800
-1.80629300

S13

1.06050800
1.82471800
0.43492300
0.62919300
-0.13917000
-1.59229800
0.45690400
0.33832600
-0.12009700
1.67011800
-0.19734000

-3834.028428
-3834.126069

-0.08297100
0.30009300
-0.73195100
1.63395400
-0.36386900
-1.76917400
1.95713600
2.40439200
0.97164500
-1.14539600
2.99961100
-1.36834900
0.09023300
-1.13594500
-2.17091100
0.64919500
-1.82857200
-0.05342900
1.58124500
-1.27628900
-2.76321500
0.34063400
-1.78042800
1.35059600
1.97079200
1.93014300
0.46357700

-0.22213900



m T OO0 »wOoIxXTZZ™HTHOOOwWm

F

-1.51895700
-0.89470600
-2.03082400
-3.05628400
-2.73536300
-3.88924800
-3.70027000
-2.29219300
-1.28185000
-2.32803400
1.89354500
2.72028100
2.80671900
2.43305100
4.43455600
4.48334100
4.77373000
5.32923900

-2.44457600
-3.64420200
-1.43884100
-3.06140600
-3.96341800
-3.63613500
-2.03929500
1.05934300
1.06086700
0.29996800
-0.91568900
-1.69055900
-3.12043400
-1.27294800
-1.02027500
0.30492900
-1.27415200
-1.60883900

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

intl-2
01

@
=

MO OO oI I D OD D ODOIO0naOn

-0.06691200
-1.21807900
-2.11496400
-1.13936000
-3.05900500
-2.12655500
-2.10041800
-0.39636100
-3.06587000
-3.79755500
-2.07950100
-4.08777400
-3.60359000
-4.74576100
-4.71300600
1.29911500
2.24491500
2.13752300
2.32594800
3.90755100
3.96037200

-0.07493800
1.35699900
1.96752600
1.54635900
2.81654700
1.80349200
2.39884300
1.06189200
3.04160100
3.30069600
2.56072400
3.95460900
4.73724200
3.39518400
4.43787400

-1.66157900

-2.02374800

-3.40764800

-0.96866700

-1.93396900

-2.81024500

S14

0.92071600
1.48540700
1.88794000
0.03806200
-0.90028200
0.92033100
-0.55165400
0.53120000
-0.38082600
1.21903300
0.31126800
-0.72649600
-0.42028700
-2.10559200
-0.34796400
-0.54982200
0.92419900
-1.15769400
-4213.814674
-4213.931655

-0.01225800
-0.66972400
0.17876400
-2.03625800
-0.42586500
1.25033700
-2.60113600
-2.66148300
-1.80989000
0.20802900
-3.67625400
-2.44529800
-3.04030900
-3.12096000
-1.68967000
0.11642200
-1.00140100
-1.47273400
-2.04807600
-0.13201800
0.88143900
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4.89833000
4.11081900
-1.51790800
-1.92416200
-1.71324500
-1.51360400
-3.78881300
-4.12485300
-4.27319900
-4.36079400
1.31423300
2.23509400
0.68038100
2.66357900
2.19312300
2.54094600
0.99061100
-0.01374500
3.38610200
1.90935200
3.25431600
0.52193100
2.11848200
2.02718700
1.22524600

-2.21495900
-0.69826700
-1.30782800
-2.35286200
-3.73010100
-1.98284400
-2.12483000
-0.88690400
-2.32363000
-3.00955200
2.36744600
3.31392900
2.58448900
2.75315700
0.85510000
4.50029300
3.75809700
1.86203100
3.08777100
4.70879900
5.21448900
3.96013100
5.60873400
1.59174200
1.29620000

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

-
O({)
-

@
=

oo ITDao@mao@maonaan

0.34411000
0.74805000
1.65462500
0.50682400
2.46847400
1.76448400
1.35002900
-0.26517100
2.33194000
3.22040400
1.21520200
-1.19259000
-3.12255700
-2.52689200

-0.11656900
1.73571000
2.46199100
1.90004900
3.35130800
2.33330500
2.79906800
1.36019100
3.53250200
3.91252100
2.93031200
1.84651100
1.87995700
2.29413900

S15

-0.99391500
0.36033000
-0.26597000
0.78180400
0.32722000
2.14447100
0.74965200
1.14762500
-0.48527200
1.58249400
1.01173800
0.47090000
2.25018000
-0.74935700
-1.59015100
1.17757800
2.91602500
2.66536600
-1.48088600
2.38899000
0.77844900
3.87480900
2.95915100
-0.89337100
0.16507900

-4213.812227
-4213.928502

-0.03422700
0.58189900
-0.17333700
1.93309500
0.53467900
-1.24433000
2.60457900
2.46947700
1.92405200
-0.01415100
3.67475200
-1.58001000
-0.42074500
-1.64552300
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-0.37628600
-4.47659000
-3.29242300
-5.20062500
-4.92439400
-4.61906000
-2.84556400
-6.24953600
-5.23962700
3.22754400
4.24830300
3.28836400
2.86924000
-0.81084700
-1.68993500
-1.22708300
-2.15482500
-3.23454600
-2.95702000
-4.16873600
-3.74354900
-2.15655800
-1.00586300
2.11021700
2.84350700
3.00272700
2.42229500
4.57162500
4.57017500
5.40335500
5.04828800
-2.28027300

1.98261700
2.12184300
2.99628000
2.80577600
1.79072100
3.24315500
3.32218300
3.01915000
3.77719800
4.49919800
4.10293900
5.45943700
4.68079600
-1.89097600
-2.23285400
-3.35426900
-1.02356500
-2.86991300
-3.96072300
-3.18965700
-1.92968400
1.25226500
1.19838000
-1.00396400
-1.61323600
-3.07020600
-1.04734900
-0.93334000
0.41055300
-1.39182600
-1.30969300
0.56855900

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

ts-2
01
Cu

O 000

0.04611300
0.86994200
2.04767400
0.48410100
2.95318900
2.29698900
1.42147900

-0.14907100
1.23507000
1.84178800
1.02376900
2.16558800
2.03534100
1.36049000

S16

-2.27488300
-0.12723600
-2.60768300
-1.08968700
0.80350900
-2.31423900
-3.54143300
-0.90585800
-3.02711200
2.65795300
2.72655800
2.13466400
3.67487700
0.09929400
1.27319200
2.09797200
2.00831400
0.41780300
-0.31128700
1.32860700
-0.39844900
0.31078000
-0.42124300
0.11067600
-1.07351000
-0.97918200
-2.36872600
-0.79422600
-0.84689100
-1.74528500
0.40333800
1.06951800
-4213.808054

-4213.922919

-0.19875000
0.99994900
0.60197300
2.31371800
1.61993300

-0.43344600
3.30106800
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-0.47181200
2.66060600
3.90442200
1.16193800

-2.43329600
3.66551400
3.19108900
4.43882100
4.17172600

-1.70391000

-2.75092800

-2.65013200

-3.01479100

-4.30781400

-4.19772500

-5.37429400

-4.52603200

-1.90225200

-0.79875200
1.32112200

2.11389200
1.89837400
2.10391500
3.86743300

4.19401700

4.73238800

4.00386400

-2.31974800

-0.61731800

-1.63909900
0.34368100

-1.70552300
0.26250900
1.10096600

-0.74431100

-2.49400600
0.98594200

-0.76214600

-3.34102100

0.59531500
1.93009300
2.61031200
1.17686200

3.02483000
2.27088900
2.34454100
1.49450100
3.21773500

-1.48547600
-1.63538200
-2.83876000
-0.36051900
-1.88854100
-2.98675800
-2.03375100
-0.83127800

1.84987700

1.55682400
-1.65265300
-2.16301200
-3.59070700
-1.23542500
-2.07323100
-0.80748700
-2.51209700
-2.83306800

1.10671300

2.63849600

3.59557100
2.84726700

4.79633000
4.03816200
2.10559400

5.00615500

5.51844600
4.23163800

5.91684700

3.36857000

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

P-1

01

S17

2.59340600
2.97401300
1.33856800
4.34027400
0.15428500
4.04634000
5.02885900
4.10671400
3.83240000
-0.06672300
0.99139300
1.82636100
1.72487300
-0.02465400
-0.78799400
0.77963800
-0.82800000
0.46904500
-0.28447500
-0.14091800
-1.33415900
-1.60330700
-2.48098400
-0.66820600
-0.35193900
-1.59898900
0.43023900
1.06279400
-1.12278600
-0.86373100
-2.12661900
-1.60385500
-2.83345900
-2.35485600
-2.57597300
-1.41762200
-3.61989800
-3.16620400
0.63204000

-4213.808783
-4213.925558
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3.16934800
2.75871000
3.80678300
3.56625500
3.01418700
5.15589300
4.34183800
2.20963400
5.40340300
5.96086000
4.58668400
6.42502900
-1.72269000
-1.69969500
-1.64349100
-0.78316100
-3.39089400
-4.36440000
-3.52766500
-3.58505800
1.58119900
1.84721500
0.62074300
0.80056600
0.98352100
-0.36674600
-0.01690000
1.88493600
-1.36313000
-0.50291200
-1.20809600
0.12401900
-2.27258000
-2.28952300
-1.89359800
-2.71286000
-3.10491600

1.32947600
-0.87642500
0.07800600
2.32403500
-2.25782500
-0.35031900
-2.64278100
-2.97594000
-1.70387600
0.36840600
-3.69779800
-2.06963100
-3.51995100
-2.04517300
-1.43309500
-1.40350600
-1.55097300
-2.04915500
-0.21083400
-2.01697400
-0.19865600
1.13142400
-0.56135200
2.11100900
3.30428200
1.87239500
4.27272800
3.46537200
2.85066200
0.95034800
4.06360100
5.19979400
2.66547000
5.11516500
6.08654600
5.25198300
4.84048700

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

P-2

01
C
0

1.55742200
-3.03254700

-2.37633000
-2.52710000

S18

0.12290700
-0.09274200
0.05236900
0.26389900
-0.20265100
0.10160200
-0.15735700
-0.31608900
-0.00528000
0.21657400
-0.23872200
0.02566900
0.25205300
0.30512800
1.65029600
-0.69366800
-0.34584100
0.44094400
-0.37626200
-1.59428400
-0.10157400
0.01834800
-0.29298700
0.03667400
-0.67050800
0.76446000
-0.62996600
-1.25359500
0.77543300
1.32099800
0.08756200
-1.17958000
1.34022900
0.10013600
0.41797200
-0.90255300
0.77489100
-1612.045160
-1612.133770

-0.21256300
0.72438300
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-2.78055000
-2.79547700
-1.66078900
-4.26651400
-5.40217900
-4.17524400
-4.36976800
0.97560600
1.90246500
-0.05367300
3.13833300
2.95296100
4.41631500
4.07370000
5.49105600
4.54673800
5.32702500
3.94197500
6.49595900
6.20961700
0.96338500
1.53372800
1.21333100
1.51975000
0.87119800
1.23075900
1.17676200
1.77167100
0.84699600
0.61852000
1.16326700
0.45595100
0.98593200
0.67298900
-0.61767900

-1.08351200
-0.24972300
-0.77274300
-0.48712800
-0.69142500
0.82910200
-1.14620500
-1.18338800
-0.18882200
-0.96704200
-0.77358700
-2.18290200
-0.19054900
-3.04678700
-1.06225100
0.88416000
-2.47452600
-4.12235800
-0.65706400
-3.10635200
-3.27670400
1.19937200
1.78591700
1.94266000
3.13692800
1.19073900
3.29536200
1.46849900
3.91251200
3.59611800
3.87722000
5.36871000
5.89148900
5.87705900
5.47477900

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=
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7. Copies of 'H and '3C NMR spectrum of products

Lvevr'e—

vecl'L
60 L
mmmm..\..\
FEEB T\
9clLLiL
00.1'2
118171

G660°L
mv_._......wf

c69e'8—

CH,

56602+
6yLLL
ezl L

B0 L
9GCEL
PBEE L

hmmm.h/
RLL L~
004472~
_\hw.\..hw
0808~

6988

10aa

Fi|

7.3

7.5

7.7

7.9

8.1

83

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

8.5

€es0'le—

G118 111
L2SE 0z
m,am.%%
9/SEZTIE
rdirad
85129217
19€2°92Vr
8/1L0eL’

666 LEL~,
£9/2°8E1~

9829'6¥1—

CH,

N
10aa

GLIBLLL— u
126802~ - ]
1)

915¢e°¢C1~ = =
60cLECL T

851.'9¢1 2
£921°9¢)

8Ll oe——

mmvm.hmp/
€9/2°8E1~

60 50 40 30 20 10

70

S21

120
80

90

124
100

110

128

120

132
130

136
140

150




o i
£ ETE 5
(&}
uwy
[o
Lo . s
L & ) PLI01Z— : B
/N L o - / =
\ = /
5] = o
k [ i
SELrT— JL =1E | w
o
3
Lo
o)
118072 _ [ Lo
65602 e—=="l01 | T ¥
280C4 b .
\S2e L —=="F60 o
B6EZ L — -
166217 —=—fe0z [~ o
651EL _. I w6
|
m \‘ﬁ. 0
( [0
V191~ i .
0Z69L~ ‘lluuT“o LEl - S 6685 911
180l —==—"T,p7 Y00 02}
118072 zosL L’ ) [ | i 19/8°0Z}
6560, ) © 08EF 1)
z80zL ~ £8h0'eZL—
1522, L romE SHYSZLy
6662 'L s s coLB 0zl 5
1662 L7 © 602 | o 9¥81 0€l
651EL [ g 99G6'LE1~,
P19l ze0) 856¢'8E1"
0269, [ RIS | o
1891, | t _ Fw o
Nomh.h vrzrg— -————F00'L | ; ¢1c00s1
vhera— __ [ —————==z00)|®
o]

140 130 120 110 100 90 80 70 80 50 40 30 20 10
S22

150

160



o o =
& | K= &
o
. _m Lo g
o - 2 -4 mw
=_ = .A £820'12— ( /\N
9 e
1 ra
.
201¥Z— —Fore | o
N ]
6v8. V0L 7
o €526 ¥0L
[3p]
w
M e
Z£0L'9 ; . S
b ~ 9LIEELL
MWM.MW .u|M+ 10| b PRYBEIL —
. - b iy ==
18619 o BLELPLL
mwmwm - Fa LI LI,
: €r0LLIL
€ezzl i
LWET L : adf Lo
i ==_F&of BYBL V0L geegeE
SO o o S
V262 L (. B :
seles “ Y6 el
2e0L'9 : J r SP0L L1
. 8955/~ e TR | o .
28O zoyoy — [0k © 8668021, .
9€eL'9 L [~ IJ Lol +189°9¢1 .vhwm.wwrv. =
T Y % szl ™ 4 o 9evLoTLL  9EbLOZL
: booL 'L ==\ r | 6991°0€L~
162 2 | | +160
SELEL | L0 6626/CL  BOSHOEE :
8835'L~ i ¥ 6658'85L
7951 | -
GBYL L o = :
199z 2 g EpIgLGL,
. L = 1859'LGL
zolrg— b g E@@.EQ
Y D ) . ecggosl’  6z6chy
y [ @ o 665 8E L —
[+}]

30 20 10

110 105
60 50 40

70

80
S23

120 115
100 90

110

125

120

135 130
180 140 130

160




860v'C—

98—

86189
5889
LELDZ
68102
VOE0'L
£ZV0'L
91822
£2082
82192
19692
Y]
8vbLL
60128~

86199
Nmmm.mv
EL0Z,
6810'LF
¥9£0°2
£TH0'L
9182 1~
€208 L~

82.9°/
1969/~
8ETLL
8bbi s

60128

10da

7.3 il 6.9

7.5

T

7.9

8.1

=G1'¢

=0l'¢

=Z0'}
g0l
=/0T

zo'L
mbé.m

=00°L

-1

-05

40 35 30 25 20 15 10 05 00

50 45

85 80 75 70 65 60 55

9.0

8ee0’ le—

SLGE S5 —

€L12796—

8FHZ 6LL
609Z 6L
8657 0Z1~
1918121
YELLTTL
£+90°0EL—

R FAN AN
GBSE8EL

£885°9%1—

965¢' 551 —

CH,

10da

0
Hie”

8rPC 6Ll =uer

w
|

6006117

865y oTt———

|
J

eLgeL—

velleel— —

—_

119.5

120.5

121.5

122.5

20

40

80

150 140 130 120 110 100

160

S24



o06tc e

88989
1268'9
K69
28569
62569
99569
wmmm.%
BItE .
PG .
6295/
B6.8.
5068/
ey

0996

CHy

=
~

\_/

=

o
-

88889
12689
VB9,
788697,
62569
99569

PGCe L~
8IYE L

GPOG L~
6285°L

6648 L~
G968°L

10ea

8lL'¢

0L

1.0 05 0O(

1.5

2.5 24

55 50 45 40 35 30

80 75 70 65 860

8.5

9.5 90

16¥6'02—

8866~

0ZLL6LL
ZHBE 6Ll
560021~
Nmnm.ﬁﬁ
/EE5°€TL
LSEogl—

61ECLCL~
668¢'8€L

8016'GP1L—

erlLesl—

CH,

=z

HO

0cLL6LL—
Zree6ll—

S6£0°0C1—

2686’1l —

FARRSR A S

10ea

122.5 121.5 120.5 119.5

123.5

40

70

80

100

140 130 120

150

160

S25



69l e—

8vec' L
06¢C'L
8.lve'L
0ese’L
Ye6e L
ories
COF9'Ly
P0S9°L~
Y504,
mvmh.h%
LSkl
91/28—

Cl

=
o, 4
N

CH,

N
10fa

8622 1\
062z L
8LV L
0252 L e
WeTL)  — v 00z
oriEL

Z9v9° L~ P Tm.o
06927 U

Y604 2 e

Byl l—— 96z

IShLLzs T ——
|

i

7.75 7.65 7.55 7.45 235 7.25

7.85

=60'¢

=£60
00T
4GB0
86T

=00°}L

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

8.5

9el0'le—

65/8'6L1
16€4°0C1~
Yor0'ecl —
8. _.m.hN_‘v.
vao.mN_.\
689101
mmmm.hm_.v
10/2°8€L

¢610°6111
mmm#.m_\JK

Y6L6'LYL—

CH,

Cl

Z6L06LL—
9GEYGLL
6528611
L6EL 021 —

Yoro et —

816 21~
Zor0'8zL”

S891°0€L—

10fa

123 121 119

125

129 127

131

10

30

150 140 130 120 110 100

160

S26



18t e—

8258¢e’ .
5+
862" L

1ce8’l
olr8'L

9/t9'8

€918
wmt.mV

CHa

A AN
169g L

w _\th/
v86.L L~
_.NNw.\.M
oly8'L

9riL'8
98118
SEeLs
S/€1'8

9/¥9'8—

£€9.18
vmhh.w”v.

10ga

sl

.

M

_ FPEL L
= 6610

. 700’1

——, ¢’}

T

= e

—00'L
J |

79

it 7.5

7.9

8.1

8.3

8.5

8.7

FLOE

—_— e

|||l P61
660
— koot

_—
00

30 25 20 15 10 05 00 -05

35

85 80 75 70 65 60 55 50 45 4.0

9.0

29cl’Lle—

1ceg'8ll
0s¥5'6lL
¥0/8'0C)
€ _.mm.oN_.W
o0 _.N_U\
2682l
86/€°0CL
615 /C1~—
LIEEBEL
G86r'eyl—

8€9¢°051—

CH,

1€88'8L1—

09¥S'611—

08021~
£186'02C1 =
ar¥o’lcl

68 el —

10ga
20 10

30

40

60 50

70

80
S27

119.5
110 100 920

121.0
120

1225
130

140

124.0
150

160



£86C°¢—

€926'C—

65621,
a4
0€8.'L
verr s

S09F'8~.
680587

6£82° L~
000€" L

6GEL L,
08L L7
velLl

1061~
152617

S09P'8~
68058

N
10ha

)

e

7.4

7.7

8.0

60¢

-

10 05 00 -05

1.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.0

980" Le—

0/01¢5—

£989° /1L,
1588021
9€20ZTL
¥659°ZC1
6608 ¥l ¢
:.mo.mﬂw
88 9Z1
810Z0S)
Y608 4EL~
6¥55'8EL

/99051 —

€258 /91—

10ha

40

90

100

160 150 140 130 120

170

S28



5 Lo oy
=] o ]
uw
[ o
{ o o
N/ % _ [~ N/ m
z * AN o = -
\ ] e \ 4
| B
/ | o
| o
Zeore— L e o
Lo
o)
uw
e
9 "~
€1LT L~ il e -
9871~ r|J/ Ll 5
L w
n <
EYaY L _ ~
wmmmm sl i Lo 508598~
m— | o i
Eom.hw ——— [HIE
€555/ i @ LW
PESS L _ = 1o
|
48691~ —_ ﬁoo.m - <
volrs” T I K3
| ©
~ L@
© 8822 611y
SLTL o OLL 6L 2 -
9821 ~ Lo 62920217
SHar . . ~ S6L6'FTL
0l8k. N - & Z6ZE6TL ) =
vZ05' .l £er0e— —— Tm.o Lo 60610¢L”
15062 |~ G691'GEL—
£GEG . ] o £6181/€1T
veSG L it [ m FS 152888}
hwmm.h ._ww_.N.m\ \|||‘||\|lﬂ %OO F [ee] .
¥SLLL o GOE0'8YL—
EEP08- _ p Lo
v81z'8

S29




yolve—

86839
16689
12169
08169
95£6'91
60¥691
vPez L
bGLe s
ze6e L
08841

€99/ ﬁ
B&.NW

—

16G9°L
G2l9'L
hmwh..@ﬁ
8yl L
88cc8—

CHy

8688'9"
1568 9L
12169f
08169
95£6'9
60¥6'9

¥r6c L
_\m—m.hM
Nmmm.h\\.
08/E°L

€9€9° L
16V9° L
_.mmw.hw
mwm@.h\
PAXA AV
8yl L

88£e'8—

N
10ja

6.9

71

73

75

7T

7.9

81

8.3

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

9.0

ek le—

8653001,
fordispat?
68YT L1
mmwm.mr}
2569021
mmw:ﬁw
8€50 ZC)—

c8rlocl—

owmo.mm_.v\
S280'8¢L

6 _‘m.w.m.v_.v.
8995°6¥1

#0€0' 191~
80.6'C91~"

CHy

8658'001
80’ L0L

TT20PLL~,
68t il

S896'611
¢569'0CL

G987 0C1
9891¢cL
8e5¢°CC L

10

10ja
20

50 40 30

115 110 105
20 80 70 60
S30

120
100

110

125

130
120

8yl Ot

0250'8¢ FV
GZ80'8eL

6loverL
8995°6%L

140 135
150 140 130

145
160

150

170



980v'C

8251°L
€041°L
£e82'L
¥662°L
€6¢5°L
0LrS'L
£60L°L
£9¢L°L
9656,
81628

~

v

!

CHy

= /

10ka

Br

826G L~
e0LL L
€8T L~
662 L

€625 4~
0L¥G'L

€604° L~
i AN

9666°L—

8r6¢'8—

8.2 8.0 7.8 7.6 74 2

8.4

J.[mom

40 35 30 25 20 15 10 05 0.0

50 45

90 85 80 75 70 65 80 55

9.5

0680°Lg—

6108°0Z1
1£2T 1T
£282° 1T
5008'1ZL
150L'9ZL
90810}
1TT6'IEL~,
r1628EL”

A Al
thm.om_‘w

GG81°0G1—

CHy

¥8€C 01—

Wi90C—

6108021 —

FAYAA T

4T AR
5008'LZ 1"

Br

10ka

120.4

120.8

121.2

1216

10

30

50

70

140 130 120 110 100 90

150

160

S31



665F'C—

90vLL
9611
909}/
o
oveEe s
00ve'L
6098/
969€°/
9995/~
85T
12191
0¥e9 L
9zLLL
oveL L

90vh L
9451 L~
mom?ﬂ
210V

ovmm.h/
90ve' L~
momm.mM
968¢€°/

9995 L~
G/B8G L~
LZ19L—
0¥e9 L

9Ll L~
ovel L

10la

7.20

7.35

7.50

7.65

7.80

0.0

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

8.0

¥esT e —

mmw—.w _._./
P68
158¥'6LLT
€Lr86LL-
£4989°¢CL
Nmom.mN_.\
NNh.w.hN_.%
68 _‘h.mN_\.\

_‘_\ho.mm_\.\
P90L'6CL

9.9v'8%1—

M
10la

£€9818L1— ||A

. L~
.wwmmw_._.\\l HJN
198611 L.&
eLP8'6LL— R

e

118.0 117.0
100 90 80 70 60 50 40 30 20 10
S32

110

119.0
120

120.0
130

140

150

121.0

160



ﬁ
£ = Fe
il £
w [&]
=]
o
e 1612 12— =
[e] o
/ 2. mm L w (e} m
\ / . = S
=
o
S \/
i - . [Ts]
vEeY 2 Bl 8
, Lo
o
|0
| [12]
o
<
|0
<
; o
L | w
{
15651 — - | @
PLIY'L M S
Tres 5o i Lo
mmv_w.h/ —— Loy © mmom.m:/
LZor L — GGE0°LT)
15652 YT — s e £zleeTi -
PLLYL) Ty I — To.m W 0821921~
Zrey . 99552 % i _ Lo 5e/6'92) }
96/ 9256/ B . m%wmﬂ kx
12o¥' L HM gLy b2 i
tsr | e e
P e
096G/ 00062~ il TS Lo |20 3 6GTY OvL
92cs / 891627 ) ™ —ytt zeseetl
0006 £ L . L2
8916/ -
9662'8 L= LS
8518
[ | w0
(9]
9662 8~ —— A 6081081 —
851887 o 3 £ i
2¥6001— 7 | —— 00’}
0
=]

180 170 180 150 140 130 120 110 100 S0 80 70 €0 &5 40 30 20 10
S33

190




CHy

=]

6¥9t'¢—

0.0

0.5

./
10na
1.0

1.5

20

S

3.0 25

3.5

8¥ree'e—

SNE/
198€ "2\
1BGE L~
686E°/ —
Nﬂﬁw
zZeTh'L

c0Ce’ Ly EVG8 A~
19ee’lq GHBLT
£65¢°L
686¢ L
[#4 42

WMMHM 86608~
AN\ rolg”
SLgl*
86608~
so11e’

s

4.0

45

55 50

8.0

8.5

0 79 78 T4 76 T5 T4 I3

7.0

7.5

8.0

6l¥e le—

9EV6’ LS

6198l
eves’icl
S668'€CL
r19L¥CL
026%'SCL
#wvo.mm_ﬁ\\
6166'9C1
0992'6C1
£09¥'8C 1~
¥8SF6EL"

rieeeyl—

L¥10°091—

10na
80 50 40 30 20 10

70

20 80
S34

100

110

120

150 140 130

160

170



Lﬂl

Lo
) | o o
7 5
uw
y [ o
(=] 3 &
7 = P ST 1T~ o
= & = \ z 8
Wi S F
uwy
I Lo [ )
Lo
L ol
EEEET— 00|
o™
Lo
o)
| L {
- M~ o)
82611y s
ma o s
e .l‘llll‘ﬂU + L 2 | ot " e S e
Lop et T - ——
91z’ L — S .
i w
) !
YEGE LN f 8roveLL— S
6695/~ == 90’1 o ;
. =i - Lo sree sl
8zsLL o I\..»U P = & 8870811
! 6EEF L~ — . srov 611
cedl L gewrss = [¢0F w0 :
i w0\ asi
Li6VE _ S
91z’ L ZEIETL
Pese’L g % r M mmh@.vﬂ_‘) 18/€° 11— —
6695/ _ S 6850°2C1—
6£8€/ | o £800°0EL
; i 951511
mmwwﬂ : | i o Zves el
: 99944 L el
095w /1 9L 1+ S o . \
999/°/1 ke S 6L = GEREBEL
: 7T —, [ = Yy eyl —
YOLL L] €18~ = _paoa "™ o N
mmrmmm oozas” \J Lo GOS9'ETL =
i 01062~ e Lo
wwmw.h;ﬁ 1906'LF =T i‘ e r~ CCLEVC L — ——————
o_‘om.h JOLE J L2 . 18/9%C1 ==
hwom.h 2916/ | © 922991 —
10162
89162 Lw

60 50 40 30 20 10

70

119.0
110 100 90 80
S35

120.5

120

123.5 1220
160 150 140 130

170

125.0




0chLL
z9eLL
BipLL
0Zee L
18EEL
BISEL
5G6E°L |
E0LY' L]
bSeh'L]
681521
61521
£085'L1
L LY
z8eL LN

=
=

1862 /¢
9S1eL 7}
1£06°2
98162’
66Lb'8—

10ab

0ZLL 2
Z9ZL L~
sirL’
0zzeL

ES.L*
YR
GG6E Ly
S0l L~
Lszy LY
8IS L,
6785 L
20552

SLLL L~
z8eL L
1862 L~
aglg s’
LEOB L,
98167,

661 Y8~ —————

sx5e)]
i

00

85 84 83 82 81

7.0

80 e T8 wwr d6 15 T4 T3 T2 1A

660
Yoot
7660
00T
we0t
200°)
661

=00'L

80 75 70 65 60 &5 50 45 40 35 30 25 20 15 10 05 00

8.5

tmm.tv
Z517°02) /
£980° 121
1062217
6618721
z Em.mN%
026221
BE8S6Z)

8885°0¥1—

0s¥8'6¥1—

N

10ab

LN 0 A 0 A B S M O

40

80

150 140 130 120 110 100

160

S36



91/¢T—

8¥aL’s
¥641°2
8¥6L 2
6¥9¢°2
608¢°2
9v6s 2
£90% 2
1812
6EY'L
6Y5Y 2
Yoiv 2
08922~
6¥8L L[
Emm.%
058/ \
£ZEL'8

N
10ac

891 s L\k
PBLL L~ —_—
vl
6v08 .
momm}
et ——=
B T
811 ===
62stL

6¥SHL _f
R <

0892 2+ 2
gL~  T—
clzgl- | —
asra s/

=00¢

A

{2

7.4

76

7.8

8.0
M
M
o
w ¢
Q a
[To T

&5 70 65 60 55 &0 45 40 35 30 25 20 15 10 05 0.0

8.0

Q
T
¥e68' Ll —
V8re LhL—
gLeeoct—
[X4sCHTARN
99i1°¢et”
¥ere LLL
81€¢0CL
€286’ ICl A
99/1°¢CL

pRIe bzl FeRkRer
6811921

mwom.mN_.w
m_.wm.mw_‘%

6261 6gL] BBHFOTLy

gvaz el BYOOOCL

yeogee) BH99eL

vZseopl

SE87 6L —
6261621

10ac

[

118

119

121

123

125

127

129

10

40

150 140 130 120 110 100

160

S37



1 s
< o
L0
@ o
g &
4
N = 7 | B =] = M
\ 4 4 7
= \ 4
L0
o
[«
uw
| [ o
i L
LISk~ o o w "
8611~ — e[
8911~ = w0
__ 1 L [ o3
B L& o
- ™~ [
SRV ShreL | I
8z51L bvEL I 1 FE
8912 L0682 _— LB
She ] wmmm.anﬂ“ﬂWﬂu FL0T | =
LIE ) 15874 ——=s=y | L [0
gyl it |
8£9¢/ i L@
Lore s 969 2 e ~ "o
98.€'L Qi T —— L]
11882 c96¥'L J | i N
wmmwm L m L086'21)
2961'L{ i1 o mmmm.mur;
6919°/1 6919/~ ————— | [ i G8L61T)
GZE9'L 1 STEY L~ e W o :&v.mﬂv
ZovL L & ~ B SO0 s 982z'5¢)”;
2esL L JLoe £ie69zL |
0E9L L zobL') it [ = 7801 | v v¥1282)
24941 eesly || = »80°L ™ 1688821
76921+ 089 I T e Al dvEr e
18612 zi9Lt - 90t L 2 SHeLEeh
15181 sl T——= || — 6882 0%1
09628~ Emﬁ\ ™ g k| SPEEBYL—
1518°2 g L ~ f ©
F | Lo

140 130 120 110 100 0 80 70 60 50 40 30 20 10
S38

150




LobL'L
9¥5L L
20LLL
EPPE L]
EL9E7L]
BFLE L]
0289741
B9Y9°L 1
£959°
o802 Ly
YBLL LY
eses s
VGl L
508LL

086LL

¥258'L

8198,

89028

TAWAN
ovSh L
20112

SPYE L,
clog s~
stig 1’

ommm.h
%wm.Lﬁ
£959 2
9E0L L
PoLL 2~
z8zL 17
\StL 2
S08.°2
086/
2582
81981

8902'8—

10ae

/oot

B 805 EQ W8 e I8 S T4 i3 2

8.2

0L
20’}

z02
ws.m
ok
o
—lo0l

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

8.0

8.5

Y06 L1
P 0CL
€028’ 1.C1
oLl ¢l
L2SCCL
6E€66'CCL
6¥54'GCL

694 'S
¥SGL1°9C 1
€82 9C 11
6.86'9C11
1180°LC1

€lc _..hN_LW
Yi91° L1

¥90Z' 121t
19/562L—
GE0LTEL—
0bS6'8EL
1€96°'8€1
15/6'8EL

£986'8¢L
¥909'6¥1—

=
N
10ae

€0¢8 Lelh~ —
voLLEel— - i

LS EeL

6E66 €Cl— S

6¥54°Scl
¥69.°GE ;ﬁ

VAN T4
€82 921 ok
68692 ;
1180221 —
A4

vIo1' 42 %

¥90Z LT

B A

Ge0L°¢el— ey

0vS6'8¢
££96'8¢1 1
16/6'8€1
£986'8¢1

i S

122

124

126

128

130

132

134

136

138

10

30

60

70

80

140 130 120 110 100

150

S39



90¥1'L
6YShL
S0LL'L
6lSEL
6951
618SL
851 L
69T L
eIErL
06EY'L
d
0lSHL
veorL
65/5'L
08G'L
01652
6 L]
0€69'Z1
1969'L 1
8902 L1
ShLL LA
9zrL LY

SB65L 7L~
o8’ L
16181
6lvC'8—

Cl

901 L~
6¥GL'L—
SOLL' 2"

6.9€ 4
618E L
sl
69CH L
eler A

06EY L
Lo¥ h%

m_.mm.h/

oSy L
veor L

661G L
P08G L~k
o—mm.hﬂ
PG L

0869° 27
Y69 1
8002 2/
sLLL Ly
ozvl L
651 1
Nmom.ﬂ
16184

10af

J —co'}

-0 L

—S0'¢

€0’}

~66'0

oL

7.85 7.75 7.65 7.55 7.45 7.35 7.25 715

7.95

S I S

| €0l
s %S.F

= 50T

= YzoL
€0l

A LO'L

—— 00l

95 90 85 80 75 70 65 60 65 650 45 40 35 30 25 20

1.0 05 00

15

C|

M
10af

0r08'LL 1
6085021
Z6re LTl
€285221
LLEY ST
6161421
Z0LL LT

L P09'8Z 1
60LOGZL
0660°0€ |-
1YL 0gl
LL0V'BEL—

L9L'6tl—

0r08° 21—

608502 1—

ce¥elel—
€8Sl —

LAEVST L

6161221
20412V
LY09°8Z L —
6010621
06600 L~
LPTLOE L

120

123

126

129

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

170

5S40



L99¥C—

65012
AW
6SEL L
1807 2
LezT L
gL
oreeL
z8ve /|
1¥8E 2
€00V L1
861121
15941
G299/
A TR
0612 2L
AV N
Z661L
L9182/
YBBE8—

CH,

10ag

S [ |

A

650k 2,
vIgL i~
65el L7

180T L~
Leee L

LIVE I
O¥ee
4 o
LI¥8E L~
200V 47
8SI¥L

1159 2~
599/~
zeoL L
061247
AT AN
T66L I~
lo18'2—

re0’}L

-00'}L

€0’

00l

7.20

7.35

7.50

7.65

7.80

 £10°€

€0}
_m?o.r

¥E01
="

| p0'L
-m 5101
»ﬁmm.o

660

7.0

55 50 45 40 35 30 25 20 15 10 05 00 -05

7.5 65 60

8.0

8.5

CH,

188% lE—

06€6'L _‘_\v“
£066'LLL

0686 Ly gazpoz L~

£€066° 11 A7 S
6877071 o_‘_‘m.oN_‘

oLLgozL 4S8L M1~
1682 LZLt Olev e~

Olzhzzl SLELTTL
sierTzL’

961892 %

£¥eL 8zl

IHOE6Z1

2662 6E1,

806+ 0¥l 06187921 —

covli6¥l—
evel8el—
IP9e°6C1—

10ag

B

122

119

125

128

pr

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

160

S41



8112
6222
18PLL
glecs
FOvE'L
0Z9¢’2
98£9°/
LZro'L
Z6¥9°2
G169/
68022
6182°2-F
G662 L7
25808
mmmo.m%
29608
¥ezT'8 \
Goch'8

IBLV LN,
Lra W
s8p127

EIEE L
Yavel—
ozac s’

98¢9°2
1Zv9°2
Z6v92”"
516927
58041
6184/~
566447

wao.m/
mmmo.w.ﬂ
29608

10ah

—

i T c B

7.4

w9 T8 TH e b5

8.0

) O}

8.1

80 75 T0 65 60 55 5K0 45 40 35 30 25 20 15 10 05 00

8.5

6¥9L L1
9564 LI
1928 L1
1198211
¥Le0'8L1q
64120211
S58¥'0CL
£625°¢CE 1
6166¢CEl
1610€Z11
L£0L°€C )
9elEvEL Y
9ereFe 1
LILEPEL
866E¥E|
S10Lve :_.
8/98'9¢1{
SEEYLCI w
69EC 0L
1918'LEL

L6/0°CEL

81¥ecel

1609°CEl

£658°0%1—

8801051 —

10ah

6v9.°L11
9867211
1928211
h.mmm.h_\:
r1e0'8ll

6LLE°0C1~
ss8r ozl

£GE5CCL
6l66'CCL
1610€C)
LLolect
9CLEVCL
9ererel
LLievel|
866E ¢ _‘\
SLoLvEL

8/988'9¢1—
seevicl—

69€C°0C1—

1918'1E 1~
L6/0TE L~
8LYETEL
1500z L’

40 30 20 10

L

J
50

119

J
)
80

121

70

)
S42

123
80

L}LJL,,JL

125

100

127

PRI .. ¢
129
130 120 110

|

131

140

150

L

133




9v0L 1
LBLLL]
avel
IR
68872 1
pIse L
£89€'L+{
pYeE L
820 2
281 2if
mma.ﬁ
sz9° L]
99711
zsas
moai
9928,

62718
g90¢c'g’

901 £~
_.m_._..hM
9rel’L

EilEi
BEEE L\
pIGE 1~
€80 L
]

82052~
181527

mmhw.h/
GZ69 'L~
mhmm.h/
€581 'L~
2018, 7
mmww.h.\

6ecl 8—

10ai

84 83 82 81

B0 79 T8 7Ti 76 15 74 I3 T2 T

201
MB.N
Lo
~Z0')

160

20}
660
o0}

25 20 15 10 05 00

65 50 45 40 35 30

8.0

6.5

90 85 80 75 70

9.5

Z886'LLL
9 6LL
6eeyocl
o8y oel
8698'CC1
L05C°€e)
LBHO+ZL
8leeLel
e8ee’Lel
80¥8°0€ F“\‘
9898'0€L
00L¥ L¥L—

0¢s6'6¥1—

Br

\ [

2886'LLL—

v 61—

6eSH 0T~
208t'021

8698'C¢l—
FAUSTA A By

(221200 o

8leese _.v.
e8eeiel

80¥8°0€ _.v.
9898°0€L

10

10ai
30 20

40

121 120 119 118
70 60 50

122

80
S43

123
90

124

125
100

110

126

127
120

130 129 128
150 140 130

131

160

132



8811 L]
SPEL L
18FL L
7828 /1
ZHPE 1
08G6€ /1
oLgL|
£929'L 1
9Zb9 2
L¥b9'L
£ip9 L
5299/
7989/
20 L
L0GL 2]
519:7]
GorL'e]
mmmri
v 8|
vOLT'8

/

881l Lo,
SvEVL
8912

z8TE LN
erve L
085€°/

019z
£9¢9'.L
9yeL
o'l
€LVeL

mmww.h\
989
[AX VAV
10642
G901

S0PL8
65518/
90578~

Hirs—

2

7.4

7.6

7.8

8.0

8.2

8.4

1.0 05 0.0

g5 S0 85 80 75 70 65 60 55 b0 45 40 35 30 25 20 15

10.5

/

ZO0B'ELL
2128711
eoeLl
LE0C0Z 1
825 0z)
6180°EZ
6852°€T)
BEFOPTL-L
1689217
128012
zz090g)
1950’ LEL
90660t} —

£€81°051—

N
10aj

c006°ch—

JArZ VAN
reoall
LE0E0Zb,
8rzg 0zl
6180°€TI
685C°€TL—

ceoooeh~ -
L950°1EL"

90660 —

2€81°051—

6EFOTZLY
16291 W
leel tlel— -

148 142 138 134 130 126 122 118 114

150

|

I

-10

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

170

S44



N
/s

10ak

avzlL
Lovl2
G¥GLL
zie8L
0£6eL
9/9¢1
LPBe L
586¢L
ZELVL
960¥' .
1YY L
v66YL
€2F9' L]
716911
LBLL LT
896/ /1
952 1
2oL Ly
8918 L
Zyeg s
L0862
1966,
zeey8—

8rcl 'L
LovL 'L
S¥SLL

=

thm.h/
ogeg 2\
019 I~
VYeE L
c86c"L
L
96991
eyl
V6L

€TH9 L~
7169
BLL L
89"/~
mmﬁ.hw
¥29L°L

89182~
eveg s’

1086° L~
£966°L

7.40

7.70

!

7.25

7.55

7.85

8.00

A

PSS I

J

o'l
0L
860

661
=00
1667
#3

00z

=001

30 25 20 15 10 05 00

50 45 40 35

65 €0 55

7.5 70

90 85 80

95

CES6 L1
c69c'0e)
ceeroet
6G6CC L)
2eseel
SH.8¢CEL
65/6'9¢1
0080'LE ;,
ovBl LEL~E
1502821
¥S96'8C1L
€£429°6€ FV
¥¥68'6€ F.\.
S2Co8'0F1

85¥8'6¥1—

M
10ak

ces6'LLL—

269€ 021,
Zzzr 0zl

652z 1217
7785720~
GLI8TzL

6GL6'9T 1,
0080°/2)
0v8L L2}
1502°821

6968217

£L29°6EL
68 6€1 ~
G980V L~

.

|

u;h

I

129

121

125

133

137

141

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

160

S45



62014

€8ll'L
8cel’L
€91eL
reees
89¥C’L
co19L
9ee9L
80/9°L
11891
vrolL'l
61811

core8—

10al

62014
me.hW
8cel’s

€91€°4
VZEE L
89¥E'L

29192
9850 4"
80/9'2—
118927
Y911
olar s’

o8 —

7.2

7.4

76

7.8

8.0

8.2

0.5

1.0

15

20

25

3.5

4.0

45

55

26E6° /111
S08C'021
Socyocl
68¥' LI
68L¢CeClr
£008'¢el
8/16'¢ccl
L6lLE e F.\.
16/9°CCl
8¥BY 6EL—

YSL6'6¥1—

10al

c6E6'LLL—

S082°02)~
S9ey' ol —

68.F 1Cl—

68/¢°¢cl—

£008'¢C )~
8.16'¢CL

LJIleJ| Lm

| SCSSE

]

U

.

p—)

121.5 120.5 119.5 118.5

122.5

150 140 130 120 110 100 90 80 70 80 50 40 30 20 10

160

S46



58012
SeTlL
seel’s
L0612
8L0Z'L
vz L
£81E'L
6EEEL |
88YE"L |
1889°2 1
050L°L{
VL1
V6L L]
PIve L

9068' L
Nwmw.h%

18581
0898’2
2oce8—

Gg0} /-,
Geg I~
ggel s
L0BL 2~
8107 1~
ez 1

£81E 4.
BEEE L —
8gre 2’

1889' £~
0504 £~
bz
9¥6L L\
PIvE L
9098 £
eres L
1898/
0898/

10am

reo’l

—e0’c

601

7.20

7.35

7.50

7.65

7.80

7.95

865 80 ¥5 0 B5 60 55 50 45 40 35 30 256 20 15 10 05 00

90

¥E8E9LL
995911
1268 L1}
£I6coct
¢6eS0C)
coleeel
Svelcel
ceoBee FW
£5¥B8¢CL
0166'9Z1
2898'9€l—

2ee8'6¥l—

0990°191~
L¥e0e9l-

=
e
N

M
10am

Fe8E9L I~
¥995°91 1

1268 LEL—

€LBE0Z L~
26es0e1—

Nm;m..NN _\/
SreL el
ccoBee _.M
£S¥BeCL

|

Levy

122.0 121.0 120.0 119.0 118.0 117.0

123.0

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

170

S47



1A
F4:1302
Svel’lL
181€°L
Seees
[ AP
189%'L
658¥'L
85791
1269°L
hhmﬁ.h%
csBLL
09¢8'L
cer8’L
L1vE8—

PROL LA,
Z6LL L~
sreLs’

L9182
G2ee L
eLVEL

189%° L~
6581 L

85191
12691~
LIOL LN
zo8L L~
09282
eereL

LIvE8—

10an

T

80 79 78 17 76 iI5 74 73 T2 i

84 83 82 81

£0')
m,mo.r
y80C
7101
'l
ST

||L =00'}

g0 85 80 75 70 65 60 5655 5O 45 40 35 30 256 20 15 10 05 00

9.5

EE.E
60902 ;
LZZr0T L
1620°TZVf
284122 iﬁ
8Y6aZZL
020T 42|
02el 621 \
0£09'¢el &
0900'6S)

§688'6¥|—

N
10an

1916 L —

609€°0C 1~
lgey ol

leeneel—

8Ll e~
8¥68'ECL

'MWM_JLM

L

118.5

120.0

121.5

123.0

-—

10

40

150 140 130 120 110 100

160

S48



96112
ZreLL
961’2
0z88',
88Ye'L
5295,
£269'L
£602°2
5Ll L
zzeL !
9850'8
#650'8
667P'8—

N
10ao

J
9611 L
NSEW ==
967l L )
0288 L Bl
88¥C /7 —
szovs) b
£269'L
2604 [~ =]
Nmkhh.h\||||“||‘||
zz60 1 A
9820°8~, - L
¥e50°'8” |JJ [
667F 8— R

7.3

7.8

8.3

80 75 70 €65 €60 &5 50 45 40 35 30 256 20 15 10 05 00

8.5

£680'811
8YTH 0T
6S7'0T 1
££92°02 11
00£2°22 11
195021
£980'€Z 11
6268 FZ 11
1918921
8668'9Z 1
£$98'9Z1

9968'9¢ _.W
yoesLe _.k

£929'6E1
8ce8'621
0Eve'Crl—

L0cC0GI—

N
10a0

£680'81L—

E17AJVARN
65.17° 0L
£€€9/°0C1

00ELTZ 1,
1950°€T 1L,
£980°€ZL-

6268'vCl—

1918°9¢ _\V
86€8°0C1
£r98'9C1
9968'9¢ _\%
Poes /2L

€9¢9°6C 1~
8268621

rnd

120 119 118

121

125 124 123 122

126

129 128 127

130

40

80

140 130 120 110 100

150

S49



6e0¥'L
18L¥
veey'l

Py
986¢'Y
6CZlY Y
Lih Y

01602
L5012
L0Z12
vi0€L
mmmm.hw
69¢CL
0G99°L~,
6 E@Q
LesL L
98///
62/6L
£066'L
rAZAR:
91618
96CH'8

0

0180°L~
Fmo_..hM
L0Z1°L
vLOT Lo
.m.mN.m.hM
69¢C'L

06992~
6189/~
WoL L~
9821

621671~
£066°27

[AZR% 2N
91618~

96et'8—

CHy

10ap

it

7:5

7.8

8.1

8.4

90 85 80 ¥5 70 65 60O 5B55 50 45 40 B35 30 25 20 15 10 05 00

3.5

e15E VI —

L00€" 19—

wao.w:
mmow.ow F,/
¥80S0C FW
8925021
156/6°¢CL
L000°¢e _.\
8.9¥'LCL
S529'6¢ _%ﬁ
69LL°LEL

6GCSChl—
6251051 —

98¢L'591—

o]
o]

cero8ll—

Ge0C'0C)~
¥805°0C )~
8925021

1616°TZ LA,
1000°€2L7

CH,

10ap

¥ |V

R

122.0 121.0 120.0 119.0 118.0

123.0

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

180

S50



10

20

30

40

50

60

70

80

90
S51

1200 110 100

130

(=] I
F | e 7
2
ﬁ Lo
I o o
= & ] L@ o2
/ \N i / /
{ Lo
o™
.7
— B
7 Lo
(3]
||l | G
(3]
[=)
_ M
| | WO w
x_ T L@ v 6/889LL— - I
P9 ———" |gpz | © Lo i
hPe—
06t6'9 w L | o _ 2 EVB9LLL— - [ =
~ w0 -
GL90°2n, o M L
r1£6'9 85.0°L = -
06+6'9 160 L & b
5190°2 " LIV IZL P
8G6.0°2 . ~ o 6/9¢°12L~ =
LIB0'L SEQT L | 52 e4GLTZL
5292 /1 iy © " /50T | o H2eTeL,
vBIT L SE6T'L e - 0L [~ 6/85°0L1 z18zzL’ %
5€6C°L | T2ol Q%.t; Fo
80191, b | 2ol IR =
1889’2 180y 6L9€'1T1
0082’2 2 90T 3 £451221
89L'L LZETZL 8689921 — N
658'L | © 0 z8187T) =
9zlg'L 80191+ 5 8689'9Z1
'8 — — -zo —— 20 ;
8¥06'8 irsonlie = [0} | N L= 8rI9TEL
00£L' 7 == [0 0 g re
8OVL'L s F o Ghl— i
) L ) » LIp06) f
9198'6— L — FooL | i
geigr” T Lo 2599°2G1— :
| L ~ i 8rI9TEL— Lm 5]
s s )
o]

160 150 140

170




o
2 2 3 B
[&] (&]
Lo £
z E FS 118512
N~ =
\ s !
— ~
& \ 4
W
cozrz— — 796G |
)
o)
L@
[ar]
| o
<t
uw
18€0L - <
cmmo.hw ———Fs60| _ .
EPLL L —= les0 [~ )
68Z1 L R [ i 0206 11—
960€ L+, — [ | L0
5508 L = hwo [~ 0
Lore's J 5 - 091881k
18E0L J [ o @
0660L] Cheeds————_ V8L [~ 0206°LL1
EPLLL J L Lio 85.2;
i W === 1660~ u peds;
st vl - N S R Jitl :
e hrmh.hw — Fi60 =660 . Fmow.oNFW
: 26081 i " Lol £459°2Z} \ 1¥2502)
Mmmwm/ _ L& ) L 5251921
G _ [ —J =660 0/19621
9giL L 7 e |2 CO6FBE L~
M %mm 7 [= y @ PBEr Pl
| 4\ .
5068~ _ r — ek POE9 6L — .
_f Lo GIPETIL—
: €I59ZZL—
s0g8 ) oo | =

10ar CH,
50 40 30 20 10

60

70

80
S52

118.0
90

120.5 110.0
130 120 110 100

140

150

160




66902
1280'L
£v0L'L
neLs
9E1EL
862€'L
Ve L
SZIY L]
9e8Y L1
168Y /1
9005 24
099 L
85992
292
alzLl
1BELL
58218~

10as

mmmc.h/
1280 L~
m.wo_‘.mg\x
el L

9g1e 4
8628 L~
Ve s
STV L

9e8t /-
168y 1f
9005/

09b9' Ly
8699 /-
veL917
9&.&\\
1682 1

S8CL'8—

82 81

7.0

80 9 w8 L7 78 15 d4 F3 F2 i

85 80 75 YO0 65 60 55 650 45 40 35 30 25 20 15 10 05 00

2.0

Z
L3
g
\ 7
misci 3
zzZe0'9LL- =
969¥ L1L— __ 2=
1816611 2
Zz60'9L1 =
969 L1 GHET0Z1~ ¢
SYEC 0z} 628€°0Z1~ =
6285021 .
viv6 21 LOCTARN . N
0Z1£ZZ1 ozlezel— = [
off |
8899CC1 8899°Z2ZL
6862921 F
6801121 )
zeeT 8zl 2
£6282)
1265 08 R ]
e 680¥ L1 ) i
THeeeYl—  zeezEzly —
£I67°8Z1 2 I8
IPEL191~
8LLLE9L~ essoc, ]
58/G0E L 5

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

170

S53



e
g J ) "
= &
| © Z089°C1—
. o
67160 ke,
Smm.ow 108 . .IL_ = ePBE'ZZ P
e | - [
e \/ . 1 e 8828°1E— \ /\N -
¥295'L" lL_ reoe | -
9z12Z “ Mo
§iTC NW T
LZ¥eZ | w0
¥962¢! P
Lo
o©)
: r 6Y.6'07 L_ | 0
w%m.w/ o 18880 T— Tmm.w Lo £
oY =lggofw ev001/ ) T
09259~ == 860 L&
1059 i _ L +
6¥55'9 s .
B W S < .
i V¥ LLL—
| Lo
L= 2
T =
. € lgeg % I Lo
LE50°L L LIVE LN = 20z
T N VS LF = | @ | o OveY LLL
zzieg| 8990L == 66l — 1LUS % = prs LY
ogzeey 99904 ) M ogeg) "_ I mmom.ﬁ}
B g [ts] .
LOVS'O L060°L 7 L === 1960 [ & mmwm._‘w_. raT
m,mmm”m\ TEED, -2 | 0802 22}
£e00 1 okl JHJNTE He J 2 mwmwwﬂ %
i = VRN I
8560'2 Qe I Sal Wmm.r veLL Tl Ge06°0¢2|
o | ol Tl
o _ [~ - u o 9586121~
mm%m €G194~, IL_ s 9Zlee : : ] e E Z6816¢1— 080g et
cogo /| HZE9L” .‘Hnm#wm.c 512z 2\ - To.w il
oLLL ) mmm@”\.\.ﬂ ==l ,60" ” _.N.VN”N% = [ + % +868°¢CL— -
c1e6 21 0L ¥95Z'Z

10

20

30

40

50

80

70

121.0 119.5 118.0
140 130 120 110 100 90 80
S54

122.5
150

160




9980'2
81042
€9LLL
640€L
Soze'L
6EECL
808¢ L
6GEE L
L0lL
668Y L1
O
G815/
£HTG 2
SOt9'/
¥£99'/1
8LLL LA
zeeL i
EE.GW
levll
LozL'g—

e
10au

9980°L~
8lol'L—
€912

620E2~
S02E'L—
eeees”
809€ '/
656E L —
201¥ 17

668 L
POLG 2
S8IS L
£ves L

SOPO' L~
#£99'2 ~
8LLLLy
2L L
vovL L~
l8v11”

80

re0’c

0'€

7.65 7.55 7.45 7:3b 7.25 15

775

B

25 20 15 10 05 00

3.0

80 ¥5 70 65 60 &5 &50 45 40 35

85

0/€G LI
0¥SZ 0Z 1
L6ECLZ)
0488121
0/2€TZL
ze65ZTL
6815921
6659921
G66T .21
0¥ze ezl
6896821
LIEPHEL

S669'6¥1—

N
10au

065 LLL—

o¥sz 0z —

L6EC LEL~
04881~
0i2eee~
ce6scel

685 9Z)~ —
6659921 2

GB6C ICL

ovee 8cl—
68968C)—

| L

I

=

1

119

121

123

125

127

129

40

60

80

90

100

140 130 120

150

S55



8860/
8clLL-
etcTA )
L60C L
6¥2S L
§65€°4 1
09t L1
LSV 1
YOS L
GE£9G'/ 1
984G L7
119914
254924
12692
50022
08224
9¥0e'8—

8860°2
geLL L~
ggzl/

LBOE 2,
6YZE L~
ceee s

09e¥ L
LEYYL T
POSy L

GEO5 L~
985 L

11990
Z619'1-
126977
€004~
08171~

0.0 -05

10av
0.5

15 1.0

-
30 25 20

3.5

i)
40

02
45

\ i L,)
7.3
5.0

7.4
5.5

9
6.0

6.5

7.6
7.0

7.7
%5

8.0

7.8

8.5

79

9.0

SSPLCLL
el L F,/
050c'0e F/
9¢.80¢ FW
1£86°0C1)

9/8¢CeL

0e.s¢e FH\.

88/8'9¢1
Cc9.6'9¢L

0.000%1—

ceererl—

10av

SSPLel—

ceel'lh—

050€'0Z 1~
92/8'02 ),
11860217

9.5€°TC 1~
025221

wwhw.mN_\/
¢946°9C 1~

10

20

30

40

50

60

70

80
S56

oo
119 17 115
120 110 100 90

122
130

140

125
150

160




- )
P \
\ L L2 N
b z = W
© w G o
= = L z =
pel o / _\
\ 4 .
L@
) -
- o
BN
L
(o]
o
o©)
w)
m Mo
|
Lo
f - <
|
65069 _ Jeegl® |
18069 — ) el L
6160°L | e o
S:.hw —==_[%0 [~ M
CizAN] | i
9c0g’ . — = | jutt) 9201501 —
- Eﬁhw = Teo [~ &
18069 ovmm.h J i -3 BrhG 2L
6V60'L 0 S S 901021
e 6051 )\ o 96L1° LTI~
arel’L 9%99'2 e “ @ 2892 22!
9g0€°L plgos ==~ - LE05TZL Yy
16LE°L £8eLL; —=loo) b R bze 9zl s
ovec s 15612 y - —— mm.w 6652 0E1
: = Livbeel
st N
o . L E— g 698/ Sl —
T =il
£8EL L e s -u Al 1185611 —
sserf  G98VE— ——————=[00'} | _ .
61£08] , LD
5981’8

150 140 130 120 110 100 90 80 70 80 50 40 30 20 10
S57

160




G096} —

9¢leC—

7866'9
eBel'L
LeSL L
18911
geee’s
Bt 'L
cpags’
0BFL L
859/°1F
moa.&ﬁ_
6929°L \
0.96'L

CHs

Tl
- -
= —
/N Lo )
W _
i
_
L,Sm.m
~+G0'E
Z8669— ‘"‘||\HJ18 tle
€6EL L | [~
e =
2 o
18912 ' Lo
-
, L™
8EEL L ] ~
£6VEL = [0’
£HOEL : L
M~
LW
M~
w
[~
s
06FL L p— - e _
859/ L~ — o 50T
G018 L~ b1 =160 [~ \.I”MLHLMO._.
69287 e =20k
o le m
e[ 2oL
" M i —_— ,
01962~ ——[ 00"} | & ) HUWMM.AW
B w

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

8.0

cevLLl—
LS E—

[60°8LL
qqmm.oﬁ#
£698 121
196121
0 EE&@
811921
6508'8ZL
£56 Emﬁ
GlEe LSl \
L15Z6EL

¥orl6¥l—

CHy

16/0°8LL—

r¥8e 0CL—

€658 1L~
19/6' 1217

0189 ¥Cl—

8/11'8C1—

6508°8C1—

H,C

‘-\N/N \

il

126 124 122 120 118

128

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

160

S58



