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Experimental Section

All reactions were carried out under argon atmosphere using standard Schienk
techniques. Solvents were purified by the standard methods.* Ph,Zn was commercially
available from Acros. The carboxylic anhydrides were prepared according to literature
procedure.’ Pd(PPhs), was prepared according to literature procedure.® HNMR (300
MHz), *CNMR (75.4 MHz) and *FNMR (282 MHz) were registered with CDCl; as
solvent and tetramethylsilane (TMS) as internal standard. Chemical shifts are reported in
units (ppm) by assigning TMS resonance in the *H spectrum as 0.00 ppm and CDCl;
resonance in the *C spectrum as 77.0 ppm. All coupling constants (J values) were
reported in Hertz (Hz). Column chromatography was performed on silica gel 300-400
mesh. Gas chromatographic analysis (GC) was carried out on an Angilent-6890N
equipped with capillary column (0.25 mm i.d.X30 m), using N, as carrier gas. Analytical
thin-layer chromatography (TLC) was visuaized with UV light (254 and 365 nm) or by
iodine vapor staining. Electron impact (El, 70 eV) was used as the ionization method for
the mass spectrometry (percent values were given in parentheses). Mass data were
reported in mass units (M/z).

General Procedure For the Palladium-Catalyzed Reaction of Carboxylic
Anhydrides and Organozinc Reagents (Table 1). A typical procedure is as follows: To
a THF solution (3 mL) containing benzoic anhydride (227 mg, 1.00 mmol) in a dry 25
mL Schlenk tube under argon, Ph,Zn (286 mg, 1.2 mmol, 92% purity) and Pd(PPhs), (58
mg, 0.05 mmol) were added at room temperature. The reaction mixture was then heated
in an oil bath (80°C) for 18 hours. The yield of benzophenone was determined by GC
using dibenzyl ether as an internal standard and characterized by comparison with an
authentic sample.

Cross-Coupling Reaction of Carboxylic Anhydrides With Organozinc Reagents
in the Presence of Pd(PPhs), (Table 2). A typical procedure is as follows: To the THF
solution (3 mL) containing p-toluic anhydride (240 mg, 1.00 mmol) in a dry 25 ml
Schlenck tube under argon, Ph,Zn (286 mg, 1.2 mmol, 92% purity) and Pd(PPhz)4 (58 mg,
0.05 mmol) were added at room temperature. The system was then heated under argon in
an oil bath (80°C) for 18 hours. After cooling the reaction mixture, diethyl ether (50 mL)
and H,O (50 mL) were added and the agueous layer was extracted with diethyl ether(50
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mLX3). The combined ether solution was dried NaSO,, filtered and then evaporated in
vacuum. Purification of the residue by column chromatography gave the corresponding
product 3b (138 mg; yield 70%).

Coupling of PhoZn with Mixed Anhydride in situ (Table 3). A typical procedure
is as follows (entry 1): To a mixture of benzoic acid (122 mg, 1 mmol) and Et;N (0.14
mL, 1 mmol) under argon in ice- salt bath, ethyl chloroformate (0.095 mL, 1 mmol) was
added. Then the system was stirred at room temperature for 15 minutes. Finally, Ph,Zn
(286 mg, 1.2 mmol, 92% purity) and Pd(PPhs), (58 mg, 0.05 mmol) were added and the
reaction mixture was heated in an oil bath (80°C) for 16 hours. The yield of
benzophenone was determined by GC using dibenzyl ether as an interna standard and
characterized by comparison with an authentic sample.

Synthesis of Ketones from Sodium Carboxylates and Organozinc Reagents. A
typical procedureis as follows. To a mixture of sodium benzoate (288 mg, 2 mmol) and
ethyl chloroformate (0.57 mL, 6 mmol) in dry THF (5 mL) that had been stirred for 15
min at room temperature under argon, PhyZn (572 mg, 2.4 mmol, 92% purity) and
Pd(PPhg)4 (116 mg, 0.10 mmol) were added. Then the system temperature was raised to
70°C and kept at this temperature for 14 hours. After cooling the reaction mixture, diethyl
ether (50 mL) and H,O (50 mL) were added and the aqueous layer was extracted with
diethyl ether(50 mL X 3). The combined ether solution was dried (N&SO,), filtered and
evaporated in vacuum. Purification of the residue by column chromatography gave the

corresponding product 3a (346 mg; yield 95%).

Analytical datafor 3b-3q
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3b

4-Methylbenzophenone (3b)* *H NMR (300 MHz, CDCls): § 7.78 (d, J= 7.0 Hz, 2 H),
7.72(d, J=7.0Hz, 2 H), 7.57 (t, J = 7.0 Hz, 1H), 7.47 (t, J = 7.0 Hz, 2H), 7.28 (d, 2H, J
=7.0Hz), 2.44 (s, 3H); *C NMR (75 MHz, CDCl3): & 196.5, 143.2, 137.9, 134.8, 132.2,
130.3, 129.9, 128.9, 128.2, 21.7; MS (El) (%): 196 (M*, 43), 181(9), 165 (4), 152(4),
19(100), 105(32), 91(46), 77(43); IR: 1656, 1606, 1317, 1278, 836, 730, 700 cm™.

O

MeO I I

3c

4-Methoxybenzophenone (3c)°: *H NMR (300 MHz, CDCl3): 8 7.82 (m, 2H), 7.76-
7.73(m, 2H), 7.55 (t, J = 7.0 Hz, 1H), 7.46 (t, J = 7.0 Hz, 2H), 6.95 (m, 2H), 3.87 (s, 3H);
3C NMR (75 MHz, CDCl3): § 197.2, 163.2, 138.3, 132.6, 131.9, 130.1, 129.7, 128.2,
1135, 55.5; MS (El): 212(M*, 436), 181 (3), 135 (100), 105 (10), 92 (12), 77 (28), 51
(6); IR (KBr) 1653, 1602, 1510, 1171, 1030, 846, 742, 702 cm™,

F3C

3d

A-Trifluoromethylbenzophenone (3d)®: *H NMR (300 MHz, CDCl3): 8 7.51(d, J=7.2
Hz, 2H), 7.63 (t, J = 7.2 Hz, 1H), 7.76 (d, J = 8.1 Hz, 2H), 7.81 (d, J = 8.1 Hz, 2H), 7.90
(d, J = 7.2 Hz, 2H); ®*C NMR (75 MHz, CDCl5): & 195.5, 140.7 (g, J = 4.2 Hz), 136.7,



133.9, 1335, 133.0, 130.0 (d, J = 10.4 Hz), 128.5, 125.3 (q, J = 14.1 Hz), 121.8; °F
NMR (282 MHz, CDCl3): § -63.4.

CF
GO

4-Trifluoromethyl-deoxybenzoin (3e): *H NMR (300 MHz, CDCl3)": § 4.35 (s, 2H),
7.38(d, J = 8.4 Hz, 2H), 7.43-7.53 (m, 2H), 7.55-7.62 (m, 2H), 7.70-7.81 (m, 1H), 7.99-
8.02 (m, 2H); *C NMR (75 MHz, CDCl3): & 196.7, 142.8, 138.5, 136.3, 135.3, 133.5,
139.1, 128.8, 128.5, 125.5 (q, J = 15.2 Hz), 44.99; *F NMR (282 MHz CDCl3): § -62.9;

CF
SN

3f

MeO I

1-(4-methoxy-pheny!)-2-(4-trifluoromethyl-phenyl)-ethanone (3f)%: *H NMR (300 MHz,
CDCl3): 6 3.87 (s, 3H), 4.30 (s, 2H), 6.95 (d, J = 9 Hz, 2H), 7.38 (d, J = 8 Hz, 2H), 7.58
(d, J=8Hz, 2H), 7.99 (d, J = 9 Hz, 2H); **C NMR (75 MHz, CDCls): § 195.2, 163.8,
138.9 (q, J = 3.4 Hz), 130.8, 129.9, 129.9, 129.3, 128.9, 1255 (q, J = 13.8 Hz), 113.9,
55.5, 44.8; °F NMR (282 MHz, CDCls): 8 -62.9;
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1,2-bis-(4-trifluoromethyl-pheny!)-ethanone (3g)®: *H NMR (300 MHz, CDCl3): § 4.38
(s, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 8.11
(d, J = 8.0 Hz, 2H); °C NMR (75 MHz, CDCl3): & 196.6, 166.1, 158.5, 142.4, 138.9 (q,
J=4.0H2), 137.0 (g, J = 5.4 Hz), 129.9, 128.8, 125.9 (g, J = 14.1 Hz), 125.7 (q, J = 135
Hz), 122.3, 45.5; °F NMR (282 MHz, CDCl,): & —63.02, -63.6.

0]

3h

2-Methylbenzophenone (3h)*%: *H NMR (300 MHz, CDCl3): § 2.33 (s, 3H), 7.20-7.32
(m, 3H), 7.35-7.46 (m, 3H), 7.53-7.58 (m, 1H), 7.78-7.81 (m, 2H); *C NMR (75 MHz,
CDCly): § 1985, 138.5, 137.6, 136.6, 133.0, 130.9, 130.1, 130.0, 128.4, 128.4, 125.1,
19.9; IR (KBr): 1666, 1598, 1449, 1315, 1268, 925, 732, 709 cm'*; MS (El): 196(M*,
67), 195 (100), 178 (11), 119 (29), 105 (21), 91 (33), 77(33), 51 (13).

OMe O

2-Methoxybenzophenone (3i)*: *H NMR (300 MHz, CDCl3): § 3.72 (s, 3H), 6.98-7.07
(m, 2H), 7.35-7.50 (m, 4H), 7.52-7.58 (m, 1H), 7.79-7.84 (m, 2H); **C NMR (75 MHz,
CDCl3): 8 55.5,111.4,120.4, 128.2, 128.7, 129.5, 129.8, 131.8, 132.9, 137.7. 157.3,
196.5; MS (El): 213 (M+1*, 15.61), 212 (M", 35), 195 (20), 135 (80), 121 (22), 105 (39),
77 (100), 51 (46); IR (KBr): 1666, 1599, 1488, 1245, 1024, 926, 755, 703 cm™.
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SO0

3

4-Chlorobenzophenone (3j)*% *H NMR (300 MHz, CDCl3): & 7.78-7.73 (m, 4H), 7.67-
7.57 (m, 1H), 7.51-7.44 (m, 4H); °C NMR: (75 MHz, CDCl3): § 195.5 138.8, 137.2,
135.8, 132.6, 131.4, 129.9, 128.6, 128.4; MS (El): 218 (M*, *'Cl, 8), 216 (M*,*Cl, 24),
181 (10), 139 (52), 111 (52), 105 (83), 77 (100), 51 (72); IR (KBr) 1651, 1584, 1281,

1089, 844, 728, 695 cm'L.

3k

4-Nitrobenzophenone (3k)*3: *H NMR (300 MHz, CDCls): & 7.53 (t, J = 7.8 Hz, 2H),
7.66 (t, J = 7.8 Hz, 1H), 7.80 (d, J = 7.8 Hz, 2H), 7.94 (d, J = 8.6 Hz, 2H), 8.32-37 (d, J =
8.6 Hz, 2H); *C NMR: (75 MHz, CDCl3): & 194.8, 142.8, 136.2, 133.4, 130.6, 130.1,
128.7,128.6 123.5; MS (El): 227 (M*, 53), 181, (4), 150 (13), 105 (100), 77 (578), 76
(19), 51 (20); IR (KBr): 3101, 1651, 1595, 1514, 1359, 1318, 1106, 930, 873, 734, 705

cmt.

O

3l

2-Benzoylnaphthane (31)**: *H NMR (300 MHz, CDClz): § 7.49-7.65 (m, 5H), 7.84-
7.95(m, 6H), 8.26 (s, 1H); *C NMR: (75 MHz, CDCl3): & 196.7, 137.8, 135.2, 134.7,
132.4,132.2, 131.8, 130.1, 129.4, 128.30, 128.29, 128.26,127.8, 126.7, 125.7; MS (El):
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233 (M+1*, 18), 232 (M*, 92), 231 (20), 155 (100), 127 (65), 105 (34), 77 (46); IR (KBr):
3055, 1658, 1270, 1116, 819, 754, 697 cm™.

3m
2-Benzoylfuran (3m)*™: 'H NMR (300 MHz, CDCl3): § 7.99-7.96 (m, 2H), 7.72 (s,
1H), 7.60-7.57 (m, 1H), 7.53-7.48 (m, 2H), 7.26-7.23 (m, 1H), 6.61-6.59 (m, 1H). *C
NMR: (75 MHz, CDCl3): & 182.5,152.1, 147.1, 137.1, 132.5, 129.2, 128.3, 120.6,
112.1.

O

3n

1,3-Diphenyl-1-propanone (3n)*°: *H NMR (300 MHz, CDCls): § 3.07 (t, J = 8.0 Hz,
2H), 3.30 (t, J = 8.0 Hz, 2H), 7.18-7.32 (m, 5H), 7.42-7.47 (m, 2H), 7.55 (t, J = 7.8 Hz,
1H), 7.95 (d, J = 7.8 Hz, 2H); ®*C NMR: (75 MHz, CDCl): § 30.1, 40.4, 126.1, 128.0,
128.4, 128.5, 128.6, 133.1, 136.8, 141.2, 199.2; MS (El): 211(M+1", 8), 210(M*, 46),
131 (1), 106 (9), 105 (100), 103 (5), 91 (11), 79 (3), 78 (6), 77 (396), 65 (41), 51 (9); IR
(KBr): 3062, 3026, 1682, 1596, 1448, 1209, 973, 744, 689 cm'™,

@r@f@

2-Phenoxyacetophenone (30)*": *H NMR (300 MHz, CDCl3): § 5.26 (s, 2H), 6.92-7.00
(m, 3H), 7.28 (m, 2H), 7.46-7.51 (m, 2H), 7.60(m, 1H), 7.97-8.00 (m, 2H); *C NMR
(75MHz, CDCl3): 8 194.5, 157.9, 134.5, 133.8, 129.5, 128.8, 128.1, 121.6, 114.7, 70.7;
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MS (EI): 213 (M+1*, 6), 212(M, 36), 106 (8), 105 (100), 91 (10), 77 (90), 65 (15), 51
(41); IR (KBr): 3066, 1708, 1600, 1581, 1500, 1449, 1228, 1094 cm™,

O

0

3p

trans-Chalcon (3p)*®: *H NMR (300 MHz, CDCls): 8 8.02 (d, J= 7.0 Hz, 2H) ,
7.81(d, J = 15.9 Hz, 1H), 7.63 (m, 2H), 7.52 (m, 4H), 7.40 (m, 3H); *C NMR: (75 MHz,
CDCl3): & 190.6, 144.8, 138.2, 134.8, 132.8, 130.6, 128.9, 128.6, 128.5, 128.4, 122.0;
MS (El): 209 (M+1", 12.27), 208 (M*, 80), 207 (100), 131 (23), 105 (17), 103 (23), 77
(51), 51 (23); IR (KBr): 3060, 1762, 1662, 1605, 1575, 1496, 1448, 978, 746, 689 cm’™.

O

@M

3q

1-Phenyl-1-nonanone (3g)*: *H NMR (300 MHz, CDCl3): § 7.94-7.98 (d, J = 7.1 Hz,
2H), 7.52-7.58 (m, 1H), 7.42-7.48 (t, J = 7.1 Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 1.74 (m,
2H), 1.13-1.40 (m, 10H), 0.88 (t, J = 7.2 Hz, 3H); *C NMR: (75 MHz, CDClj): §
200.6, 137.0, 132.8, 128.5, 128.0, 38.6, 31.8, 29.4, 29.3, 29.1, 24.3, 22.6, 14.1; MS (EI):
219 (M+1*, 4.14), 218 (M*, 11), 133 (11), 120 (100), 105 (81), 77 (27), 51 (4); IR (KB):

3063, 2928, 2856, 1690, 1689, 1582, 1450, 1258, 1217 cm'™.
0]

3r

3-Methylbenzophenone (3r)%: *H NMR (300 MHz, CDCl5): § 7.82-7.78 (m, 2 H), 7.63-
7.56 (m, 3H), 7.50-7.45 (m, 2H), 7.40-7.33 (m, 2H), 2.42 (s, 3H); *C NMR (75 MHz,

SO



CDCl3): § 196.9, 138.1, 137.7, 137.6, 133.2, 132.3, 130.4, 130.0, 128.2, 128.0, 127.3,
21.3; MS (El) (%): 197 (M+1*, 27), 196 (M*, 82), 119 (100), 105 (64), 91 (43), 77 (44),
65 (24), 51 (22), 41 (2); IR: 1661, 1598, 1318, 1212, 958, 778, 720, 705 cm™.

/o

3s

3-Methoxybenzophenone (35)?%; *H NMR (300 MHz, CDCl3): § 7.82-7.79 (m, 2H),
7.59-7.56(m, 1H), 7.50-7.45 (m, 2H), 7.38-7.34 (t, 3H), 7.15-7.11 (m, 1H), 3.85 (s, 3H);
3C NMR (75 MHz, CDCl3): § 196.5, 159.5, 138.8, 137.5, 132.4, 130.0, 129.2, 128.2,
122.8,118.8, 114.3, 55.4; MS (El): 213 (M+1*, 18), 212 (M*, 100), 135 (88), 107 (23),
105 (83), 92 (18), 77 (72), 64 (11), 51 (17); IR (KBr) 1660, 1597, 1580, 1450, 1430,
1283, 1047, 826, 724, 704 cm’™.

0]

@M

3t

Pentanophenone (3t)%% *H NMR (300 MHz, CDCl3): § 7.96 (d, J = 7.1 Hz, 2H), 7.57-
7.52 (m, 1H), 7.45 (t, J = 7.1 Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 1.72 (m, 2H), 1.41 (m,
2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR: (75 MHz, CDCl5): § 200.5, 137.0, 132.8,
128.4, 127.9, 38.2, 26.4,22.4, 13.9; MS (El): 163 (M+1*, 2), 162 (M*, 14), 147 (1), 133
(5), 120 (61), 105 (100), 85 (1), 77 (41), 57 (2), 51 (10), 43 (2), 41 (3); IR (KBr):3064,
2960, 2874, 1687, 1598, 1450, 1267, 1209, 691 cm™.

0]

oY

3u
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Isobutyrophenone (3u)®: *H NMR (300 MHz, CDCl3): 8 7.63(d, J= 7.1 Hz, 2H),
7.58-7.53 (m, 1H), 7.47 (t, J = 7.1 Hz, 2H), 3.57 (m, J = 6.6 Hz, 1H), 1.22 (d, J = 6.6 Hz,
6H); °C NMR: (75 MHz, CDCl3): 8 204.5,136.2, 132.8, 128.6, 128.3, 35.3, 19.1; MS
(EI): 148 (M+1", 11.16), 147 (M, 39), 105 (82), 77 (97), 71 (8), 51 (57), 43 (85), 41
(100); IR (KBr): 3063, 2972, 2874, 1685, 1467, 1448, 1384, 1225, 980, 703 cm™.

@]

©m

3v

Propiophenone (3v)*: *H NMR (300 MHz, CDCls): § 7.97 (d, J= 7.1 Hz, 2H), 7.58-
7.52 (m, 1H), 7.45 (t, J = 7.1 Hz, 2H), 3.01 (q, J = 6.9 Hz, 2H), 1.24 (t, J = 6.9 Hz, 3H);
3C NMR: (75 MHz, CDCl3): § 200.8, 136.9, 132.8, 128.5, 127.9, 31.8, 8.2; MS (El):
135 (M+1*, 3), 134 (M*, 21), 105 (100), 77 (54), 71 (10), 57 (16), 51 (19), 43 (11), 41
(7); IR (KBr): 2980, 2940, 1689, 1598, 1450, 1221, 952, 746, 691 cm™.

O

@A)W

3w

1-phenyl-heptan-3-one (3w)® *H NMR (300 MHz, CDCl3): & 7.30-7.14(m, 5H), 2.86
(t, J=7.8 Hz, 2H), 2.70 (t, J = 7.8 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 1.53 (m, J = 7.5 Hz,
2H), 1.27 (m, J = 7.5 Hz, 2H), 0.88 (t, J = 7.5 Hz, 3H); *C NMR: (75 MHz, CDCls): &
210.2,141.1, 128.4, 128.2, 126.2, 44.1, 42.6, 29.7, 25.8, 22.2, 13.7; MS (GC-EIl): 190
(M*, 40), 172 (14), 161 (3), 148 (39), 130 (51), 115 (8), 105 (100), 91 (90), 77 (28), 57
(43).

References:

S11



1. Armarego, W. L. F.; Perrin, D. D. Purification of Laboratory Chemicals 4™ Ed.
Butterworth-Heinemann: Oxford, 1997.

2. Kim, J. and Jang, D. O. Synth. Commun. 2001, 31, 395.

3. Coulson, D. R. Inorg. Synth. 1972, 13, 121.

4. (@) Hwang, Je Pil; Prakash, G. K. Surya; Olah, George A. Tetrahedron 2000, 56,
7199. (b) Wu, Tse-Chong; Xiong, Heping; Rieke, R. D. J. Org. Chem. 1990, 55,
5045.

5. (8) Goossen, L. J.; Ghosh, K. Eur. J. Org. Chem. 2002, 19, 3254. (b) Taber, D. F;
Sethuraman, M. R. J. Org. Chem. 2000, 65, 254.

6. Kakino, R.; Narahashi, H.; Shimizu, I.; Yamamoto, A. Bull. Chem. Soc. Jpn.
2002, 75, 1333.

7. (a) Nilsson, P; Larhed, M.; Hallberg, A. J. Am. Chem. Soc. 2001; 123, 8217. (b)
Blanco, F. E.; Harris, F. L. J. Org. Chem. 1977, 42, 868-871.

8. Moorthy, J. N.; Monahan, S. L.; Sunoj, R. B.; Chandrasekhar, J.; Bohne, C. J.
Am. Chem. Soc. 1999, 121, 3093.

9. Sakurai, H.; Imamoto, Y.; Hirao, T. Chem. Lett. 2002, 44.

10. (8 Singh, R. P; Kamble, R. M.; Chandra, K. L.; Saravanan, P; Singh, V. K.
Tetrahedron, 2001, 57, 241. (b) Parham, W. E.; Bradsher, C. K.; Edgar, K. J. J.
Org. Chem. 1981, 46, 1057. (c) Bomben, A.; Marques, C. A.; Selva, M.; Tundo,
P. Synthesis, 1996, 1109-1114.

11. (a) Kalena, G. P; Jadhav, S. M.; Banerji, A. Molecules, 2000, 5, 240. (b) Wagner,
P.J.; Meador, M. A.; Park, B.-S. J. Am. Chem. Soc. 1990, 112, 5199. (c) Tomioka,
H.; Nakanishi, K.; Izawa, Y. J. Chem. Soc. Perkin Trans.1, 1991, 465.

12. (@) Rieke, R. D.; Klein, W. R.; Wu, T.-C. J. Org. Chem. 1993, 58, 2492. (b)
Katritzky, A. R.; Rahimi-Rastgoo, S.; Sabongi, G. J.; Fischer, G W. J. Chem. Soc.
Perkin Trans.1, 1980, 362. (c) Kakino, R.; Yasumi, S.; Shimizu, |.; Yamamoto, A.
Bull. Chem. Soc. Jpn. 2002, 75, 137.

13. (8) Suzuki, H.; Murashima, T. J. Chem. Soc. Perkin Trans.1, 1994; 903. (b)
Andrus, M. B.; Ma, Y.; Zang, Y.; Song, C. Tetrahedron Lett. 2002, 43, 9137. (c)
Frahm, A. W.; Hambloch, H. F. Org. Magn. Reson. 1980, 14, 444.

14. (8) Kim, S. -H.; Rieke, R. D. Synth. Commun. 1998, 28, 1065. (b) Kang, S.-K.;

S12



Ryu, H. -C.; Lee, S.-W. Synth. Commun. 2001, 31, 1027.

15. Kang, S—K.; Ryu, H—-C.; Lee, S-W. J. Organomet. Chem. 2000, 610, 38.

16. Gossen, L. J.; Ghosh, K. Angew. Chem. Int. Ed. 2001, 40, 3458.

17. Kandanarachchi, P. H.; Autrey, T.; Franz, J. A. J. Org. Chem. 2002, 67, 7937.

18. Cave, G W. V.; Raston, C. L. J. Chem. Soc. Perkin Trans. 1, 2001, 3258.

19. Jensen, A. E.; Knochdl, P. J. Org. Chem. 2002, 67, 79.

20. Goossen, L. J.; Ghosh, K. Eur. J. Org. Chem. 2002, 19, 3254.

21. Morley, J. A.; Woolsey, N. F. J. Org. Chem. 1992, 57, 6487.

22. (a)Yamamoto, H. M.; Sakurai, H.; Narasaka, K. Bull. Chem. Soc. Jpn. 1996, 69,
157. (b) Kim, S;; Lee, J. I. J. Org. Chem. 1983, 48, 26080.

23. Blay, G; Fernandez, |.; Formentin, P; Monje, B.; Pedro, J. R.; Ruiz, R.
Tetrahedron 2001, 57, 1075.

24. Huang, Z.-Z.; Tang, Y. J. Org. Chem. 2002, 67, 5320.

25. Trost, B. M.; Kulawiec, R. J. J. Am. Chem. Soc. 1993, 115, 2027.

S13



-63.437|

\ \
50 0

\
-50

\
-100

\
-150

\
-200 PPM

SIOC-OMCMercuryV X-300F19 Sensitivity TestSample: 0.05% Trifluorotoluene2002 USER: -- DATE: Jul 82003
F1: 282.286 F2: 300.029 SW1: 84746 OF1: -22384.9 PTS1d: 65536 \
EX: s2pul PW: 5.1 usec PD:15 sec NA: 4 LB: 0.0 WinNuts - $wdh-5-65-1-1-f.fid




0.000)
0.001]

2iame4 ©.06
1
N I,
\ \ \ I
10 6 2 0 PPM
txf-7-14 USER: -- DATE: Jul 82003
F1: 300.030 \FZ: 75.450 SW1: 5495 OF1: 1810.9 PTS1d: 16384 \
EX: s2pul PW: 3.8 usec PD:1.0 sec NA: 4 LB: 0.0 WinNuts - $wdh-5-65-1-1-h.fid




F3;C
1 .00
I \ ‘ I \

10 6 2 PPM
txf-7-14 USER: -- DATE: Jul 82003
F1: 300.030 ‘FZ: 75.450 SW1: 5495 OF1: 1810.9 PTS1d: 16384 ‘

EX: s2pul PW: 3.8 usec PD: 1.0 sec NA: 8 LB: 0.0 WinNuts - $wdh-5-72-1-1-h.fid




\6E'F

rEa'8

E38°IT

L0E°5K

fa T
BLGOl
a0 LL
R0 Ll
20LLL
CEv'LL

OLir B

LIN
LLT'96

SaZ'ZTE
L09'5E8E
wEE ST
S GEL
FSL5TE
L5L5EE
IER'SEL
LFE'GEE
B52'5C1
LFE5TL
LBLBEL
wI2'BTE
LEBLL
EEG'GEL
BLE'BEL
LE8°LEL
DLLLEL
LEw' Tkl

L0G BEL
GLE'REL

05851

58 ¥l
LLLE0L
EFE'DGL

DEw LLE

GhaGEL

CF3

FaC

PPM

50

100

150

200

== DATE; Jul 82003

LISER;

7gg-7-T3c

[PTS1d; 63336

WinNuts - $wdh-5-72-1-1-c fid

LB: 0,0

OF1; 8282.0
NA; 220

|PD: 1.0 sec

18868

PW: 42 usec

300,029

F2:

Fl:75.450
EX: 52pul

[SWI;



-63.023)

T TT———63.632

O
O I CFj3
FsC
\ \ \ \ \ \ ‘
50 0 -50 -100 -150 -200 PPM
SIOC-OMCMercuryV X-300F19 Sensitivity TestSample: 0.05% Trifluorotoluene2002 USER: -- DATE: Jul 82003
F1: 282.286 F2: 300.029 SW1: 84746 OF1: -22384.9 PTS1d: 65536 |

EX: s2pul PW: 5.1 usec PD:15 sec NA: 16 LB: 0.0 WinNuts - $wdh-5-72-1-1-f .fid




O
CFj3
68
500
1[76 ]-gf.83
W _
J ULW t ﬂ | M I 1
I \ ‘ ‘ \ ‘ \ ‘ \
10 8 6 2 PPM
STANDARD 1H OBSERVE USER: -- DATE: Apr 16 2003
F1: 300.030 \FZ: 75.450 SW1: 4803 OF1: 1800.7 PTS1d: 16384 \
EX: s2pul PW: 3.7 usec PD: 1.0 sec NA: 18 LB: 0.0 WinNuts - $wdh-5-73-1-h.fid




O
CFj3
e . \ \ I T
200 150 100 50 0 PPM
Zgg-5-25-2a-c USER: -- DATE: Apr 16 2003
F1: 75.450 \FZ: 300.029 SW1: 18657 OF1: 8290.2 PTS1d: 32768 \
EX: s2pul PW: 4.2 usec PD: 1.0 sec NA: 44 LB: 0.0 WinNuts - $wdh5-73-1C.fid




-62.929

T T———63.785

CFs3
|
\ \ \ \ \ \ ‘

50 0 -50 -100 -150 -200 PPM
SIOC-OMCMercuryV X-300F19 Sensitivity TestSample: 0.05% Trifluorotoluene2002 USER: -- DATE: Jul 82003
F1: 282.286 F2: 300.029 SW1: 84746 OF1: -22384.9 PTS1d: 65536 \

EX: s2pul PW: 5.1 usec PD:15 sec NA: 16 LB: 0.0 WinNuts - $wdh-5-73-1-1-f.fid




33zt BERAY gese ¥ B :

U1 LU ) |

I"I. Iy, ".|| | \ | I."rf’

N \ W

[0 ]

8]
Cr O,
3.00
.00

1fﬂﬂ 181183 89

| f .l

[ JII | '

N_JLJ JI, A " J

10 | ' 8 | | 6 ' 4 | 2 | | PPM
txf-7-14 USER; -- DATE: Jul 82003 |
F1: 300,030 F2: 75.450 SW1: 5495 OF1; 18109 PTS1d: 16384 |
_EX: s2pul PW: 3.8 usec PD: 1.0 sec NA: 4 LB: 0,0 WinNuts - $wdh-5-74-1-1-h.fid |




2 8 g2 93 ZU¥ENBERBIIIEIRIEE - g EE o
0]
e CFa
(@]
200 150 100 50 0 FPPM
| zgg-7-73¢ USER; -- DATE: Jul 8 2003
Fl: 75,450 F2: 300,029 |SW1; 18868 OF1; 8280 8 |PTS1d; 65536

EX: s2pul PW: 4.2 fisec |PD: 1.0 sec NA: 124 LB: 0,0 WinNuts - $wdh-5-74-1-1-c.fid



-62.922

~ CF
o) 3
\ I I I \ I ‘

50 0 -50 -100 -150 -200 PPM
SIOC-OMCMercuryV X-300F19 Sensitivity TestSample: 0.05% Trifluorotoluene2002 USER: -- DATE: Jul 82003
F1: 282.286 F2: 300.029 SW1: 84746 OF1: -22384.9 PTS1d: 65536 ‘

EX: s2pul PW: 5.1 usec PD:15 sec NA: LB: 0.0 WinNuts - $wdh-5-74-1-1-f fid




9ceC

T0C’L
€0¢’L
LeeL
8veL
I4TAVA
85S¢,
09¢'L
G8C°L
T6C°L
TIeL
LTEL
6vEL
vSE'L
cLEL
LLE°L
L6€°L
vov'L
L0V'L
ETV'L
9¢v'L
TEV'L
9LV’ L
Sy L
LSV L
0€S°L
veSL
6EG°L
€9G°L
6GS°L
9957,
85",
08L°L
S8L°L
c6LL
€08°L
608°L
€18°L

B e

3100

" %9/

)

PPM

USER: -- DATE: May 29 2003

PTS1d: 16384

WinNuts - $wdh-6-25-1-2.fid

LB: 0.0

OF1: 1795.7

NA: 8

PD:1.0 sec

SW1.: 4803
PW: 3.7 usec

[F2: 75.450

txf-6-80
F1: 300.030
EX: s2pul




O
H Il
-
\ \ ‘ \ \ \ ‘
200 150 100 50 0 PPM

Zgg-7-19¢ USER: -- DATE: May 29 2003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8271.9 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD: 1.0 sec NA: 32 LB: 0.0 WinNuts - $wdh-6-25-1-2c.fid




2.441

JLJLJLAN 1

%
\ \ ‘ I
10 6 2 OPPM
STANDARD 1H OBSERVE USER: -- DATE: May 22 2003
F1: 300.030 \FZ: 75.450 SW1: 4803 OF1: 1800.2 PTS1d: 16384 \
EX: s2pul PW: 3.7 usec PD: 1.0 sec NA: 4 LB: 0.0 WinNuts - $wdh-6-26-1.fid




O
\ \ I \ \ ‘
200 150 100 50 0 PPM
zgg-7-03c USER: -- DATE: May 22 2003
F1: 75.450 \F2: 300.029 SW1: 18868 OF1: 8279.1 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 64 LB: 0.0 WinNuts - $wdh-6-26-1c.fid




10
STANDARD 1H OBSERVE

F1:300.030 F2:75.450
EX: s2pul

7.638
7.831
T.E16
7.809
7.766
T.761

R R P R R 5
et b A R L]
L A e el o o e S T . I I Y Ll
\\O
3,00
1758 179 24
| 9:90 |
| -
|
| "'lx__ __ll uli__l __’”I,._ . & e re .II' C —
6 4
SWI1: 4803 | (OF1: 1803.0 |
[PW: 3.7 usec [PD: 1.0 sec INA: 6 LB: 0.0

\PTS1d: 16384

SRl L

OPPM
USER: -- DATE: May 22 2003 |

WinNuts - $wdh-6-27-1.fid |



195.425
162.082
Jg1z2
32435
32422
31.785
31438
29,958
29.608
29,594
29,590
28.078
28.063
28,080
13.491
13.425
T7.418
T7.000
T6.573
55.371
55.303

Ty
0
e g S , aret terle
200 150 100 50 0 PPM
zgo-T-03¢ USER: -- DATE: May 22 2003
F1: 75450 F2: 300.029 SW1: 18868 |OF1: 82722 | \PTS1d: 63536

EX: s2pul PW: 4.2 usec PD: 1.0 sec NA: 32 LLB: 0.0 WinNuts - Swdh-6-27-1c.fid



8eL'E

3.00

9669
G20,
0€0°L
ve0'L
LS0°L
650°L
080°L
€80°L
9L¢°L
€9€°L
89€°L
VASIWA
v6EL
STV’ L
ocy'L
Scv'L
6EV"L
evvL
8vv'L
LSV L
vov'L
89Y°L
SLV'L
8v°L
L8V°L
88Y°L
6V L
TTS°L
9TS"L
6EG°L
vsL
615" L
T9SL
695",
9.9,
€65°L
ST8°L
6T8L
L128°L
6€8°L
cv8L
V8L

l OMel

e

e

PPM

USER: -- DATE: May 28 2003

txf-6-77-b
F1: 300.030
EX: s2pul

PTS1d: 16384

WinNuts - $wdh-6-28-1.fid

LB: 0.0

OF1: 1805.7

NA: 4

PD:1.0 sec

SW1: 6667

PW: 3.7 usec

[F2: 75.450




O
OMe
\ \ \ \ \ ‘
200 150 100 50 0 PPM
Zgg-7-18c¢ USER: -- DATE: May 28 2003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8278.5 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD: 1.0 sec NA: 48 LB: 0.0 WinNuts - $wdh-6-28-1-c.fid




EX: s2pul

7.877

10
| xf-6-77-b ,
| F1: 300.030 F2:75.450

NEFOSTOM= OO0 OO~ DO = D0
ERpEp R g R R e
e e g S S el sy Sy S Sl S S S oy e
6.15
521
1.00 ( ‘
| \y,
1 |'| | |
8 6
SW1: 6667 [
PW: 3.7 usec [PD: 1.0 sec

OF1: 1797.6
INA: 4

LB: 0.0

0.000

2 PPM

, USER: -- DATE: May 28 2003 |
[PTS1d: 16384 _ |
WinNuts - $wdh-6-29-1.1id |



O
\ ‘ \ ‘ \ \ \ ‘
200 150 100 50 0 PPM
Zgg-7-18c¢ USER: -- DATE: May 28 2003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8277.1 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD: 1.0 sec NA: 52 LB: 0.0 WinNuts - $wdh-6-29-1-c.fid




000°0-

9T

EV0'E
890°¢
v60°€
8lC'€
68¢'€
S0E'e
STee
Leee
6cee

N

08T'L
68T L
€0C’L
TTCcL
LeeL
€ec’L
SE€C’L
el
oveL
e L
6.C°L
88¢'L
€0g°L
€ceL
9ce’L
AR
vy L

%%%

- T
(A
IZAVA
9¢S°L
82S°L
€65,
09S5°L
S.S°L
LLS°L
185,
Tv6'L
Sv6°L
696°L
1.6,
€L6°L

SN

N

p.00|\/1.95

LB: 0.0

PPM

USER: -- DATE: Jul 72003

txf-7-14

PTS1d: 16384

WinNuts - $wdh-6-30-1-3-h.fid

OF1: 1807.5

NA: 4

PD:1.0 sec

SW1: 5495
PW: 3.8 usec

[F2: 75.450

F1: 300.030
EX: s2pul




\ \ I \ \ ‘
200 150 100 50 0 PPM
Zgg-7-73c USER: -- DATE: Jul 72003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8277.9 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 44 LB: 0.0 WinNuts - $wdh-6-30-1-3-c.fid




0000

SLT'S
ov8'9
vv8'9
98’9
0S89
0,89
.89
€689
169
LT6'9
09T L
L9T°L
VLT L
c6T'L
L6T'L
STC'L
TeeL
cLE L
GLE°L
T8€°L
00v"L
SOov'L
T L
9cr'L
6y L
967" L
00S°L
YIS,
0¢s'L
SVSL
€68°L
868°L
S06°L
LT6°L
T26'L
SC6°L

TSN

0

PPM

USER: -- DATE: Jul 72003

txf-7-14

PTS1d: 16384

WinNuts - $wdh-6-31-1-3-h.fid

LB: 0.0

OF1:1781.6

NA: 4

PD:1.0 sec

SW1: 5495
PW: 3.8 usec

[F2: 75.450

F1: 300.030
EX: s2pul




0]
Yy
\ \ J \ \ \ ‘
200 150 100 50 0 PPM
Zgg-7-73c USER: -- DATE: Jul 72003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8275.1 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 16 LB: 0.0 WinNuts - $wdh-6-31-1-3-c.fid




0000 ——

800 ————
€80°0

€891

elTL
T0S'.
505,
805,
€15,
125,
cesL
0es'L
€SS,
8SS'L
€95,
SE9'L
0v9'L
vv9'L
8592
v99'L
2l9'L
v89'L
689, — N\
L, ——
161, ————F—
v0s'L
5182
818,
028,
czs'L
5e8'L
126,
826,
SE6'L
156'L
856,
596,
vze's
TeE8
Lec8
ese's
6sE's
coe8
898

(o a

O,N ‘ ‘

.06
0

98

e

___J

1199

PPM

USER: -- DATE: May 28 2003

STANDARD 1H OBSERVE

PTS1d: 16384

WinNuts - $wdh-6-33-1.fid

LB: 0.0

OF1: 1804.8

NA: 6

PD:1.0 sec

SW1.: 4803
PW: 3.7 usec

[F2: 75.450

F1: 300.030
EX: s2pul




194.771

142.806|

136.193]

\
200

\
150

\
100

50 0 PPM
Zgg-7-19c¢ USER: -- DATE: May 28 2003
F1: 75.450 \F2: 300.029 SW1: 18868 OF1: 8278.0 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 28 LB: 0.0 WinNuts - $wdh-6-33-1c.fid




\ ™~
O
258
234
| 116
0?910_'9% 100
gl
' I|‘|
L L
L o R A A | !L.._._.i\_iII"L-I I\n_u.‘|' A ’/\ e
10 8 6 2 ®PPM
L xf-7-14 , , , , USER: -- DATE: Jul 8 2003
| F1: 300.030 F2: 75.450 [SW1: 5495 _ |OF1: 1812.5 _ [PTS1d: 16384 _ _
EX: s2pul [PW: 3.8 usec PD: 1.0 sec INA: 4 ILB: 0.0 WinNuts - $wdh-6-35-1-h-g.fid |



Zgg-7-73c

ﬂum.m.md“hmmu1“.‘M‘a.mlm.|\m\‘Lmu“mm‘.mm‘m T o O Y T N T T P Ty 1T PR TP

bt b il b e Ll

100

[P

m

5 [=] ~ ~ ® S TONONO I~ N IO SO~ @ [<] © e}
@D re] < N o SN DHDDVOT TN O D TN o = ~ @ ©
~ < @ < 0 o~ RS S dOOog~hS © A~ o L « «
~ 0 o © o ~ NP DD D LBLB BN~ N~ © o] (] ~ [
o © © 0 0 A OANNNNNN N ~ I~ o~ © ~ ™ i
— — — - o - - A A A Ao

wo

i

USER: -- DATE: Jul 82003

F1: 75.450 |F2: 300.029

SW1: 18868

OF1: 8298.6

PTS1d: 65536

EX: s2pul

PW: 4.2 usec

PD:1.0 sec

NA: 132

LB: 0.0

WinNuts - $wdh-6-35-1-c-g.fid




zagl —

sigt —

10.15

]

203

PPM

USER: -- DATE: Jul 72003

10

PTS1d: 16384

WinNuts - $wdh-6-38-1-2-h.fid

LB: 0.0

OF1: 1809.5

NA: 16

PD: 1.0 sec

SWI: 5495

PW: 3.8 usec

xf=7-14

F2: 75.450

F1: 300.030
EX: s2pul




o]
T 1
\ \ I \ \ ‘
200 150 100 50 0 PPM
Zgg-7-73c USER: -- DATE: Jul 72003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8278.8 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 60 LB: 0.0 WinNuts - $wdh-6-38-1-2-c.fid




000°0-

S69°T
00T

A TAVA
9EV'L
vyvL
TSV'L
657" L
vov'L
L9V L
€LV L
8V L
L87°L
T6V'L
805",
rA%=WA
€LS°L
LLS7L
289°L
65" L
c09°L
0T9°L
L29°L
veLL
IAZAVA
8vL L
9S.°L
29L°L
0LL'L
T8L°L
G8L°L
68L°L

%\WW%

Cl

.12
0
SW1: 4803

PW: 3.7 usec

/ /

\
PPM

USER: -- DATE: Jun 32003

-6-19-3
F1: 300.030
EX: s2pul

PTS1d: 16384

WinNuts - $wdh-6-39-1 fid

LB: 0.0

OF1: 1801.9

NA: 8

PD:1.0 sec

[F2: 75.450




(@]
Cl
\ \ ‘ \ \ \ ‘
200 150 100 50 0 PPM
Zgg-7-26¢ USER: -- DATE: Jun 32003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8277.1 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 60 LB: 0.0 WinNuts - $wdh-6-39-1c.fid




858'0
6.8°0
288°0
1680 ————
206°0
L2z T
1€2'T
0seT —— —
1121
062'T
€0E'T
ore'T
89€'T
1OV T
989'T
60L'T
6eL'T
85T

Al

it

€€6'C
9€6°C
656°C
286'C
G86'C

N

]15

/3.28
) A7
” f J

jﬁz Q{éﬁm

PPM

USER: -- DATE: Jul 72003

txf-7-14

PTS1d: 16384

WinNuts - $wdh-6-49-1-h.fid

LB: 0.0

OF1: 1812.9

NA: 8

PD:1.0 sec

SW1: 5495
PW: 3.8 usec

[F2: 75.450

F1: 300.030
EX: s2pul




\ \ I \ \ ‘
200 150 100 50 0 PPM
Zgg-7-73c USER: -- DATE: Jul 72003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8278.7 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 20 LB: 0.0 WinNuts - $wdh-6-49-1-c.fid




000°0-

099'T

81v'¢

9S¢’L
6¢eL
§SGE°L
8.€L
88€°L
€6E°L
6vvL
esvL
8Sv'L
9LV L
87°L
L6V°L
2¢0S°L
9557,
095°L
§G99°L
8.S°L
985",
€65,
0T9'L
129°L
629°L
€8L°L
88L°L
S6L°L
L08°L
cI8L
9T8°L

///

— =

S

300

\
PPM




0€E'TC

G.§9, —————=

000°LL \
zzTvLL

sze'LzT
Sv0'82T
961'82T %
T00°0ET —— _~—
LT 08T ——————

C6CCET —— —

lsrest——

6.S°LET

0L LET N
LTT'8ET

Lv6°96T

/ N\

I
PPM

\
100

\
150

\
200




0000

60L°T
€98'¢

oTT'L
9TIT'L
8TIT'L
verL
™wT'L
L
0ST'L
oveL
SYeL
0SE°L
€SE°L
09€°L
G9E°L
69€°L
8LEL
6.E°L
oy L

e ———

TSV L
€LV L
8LV'L
S67°L
86v°L
c0S°L

‘

655" L
G9G°L
S8SG°L
T6L°L
96.°L
€08°L
v18'L
918°L
818°L
€28°L

wdh-6-81-1

3{00

i %ﬁ -

OPPM

USER: -- DATE: Aug 26 2003

gmj-9-70-2

PTS1d: 16384

WinNuts - $wdh-6-81-1.fid

LB: 0.0

OF1: 1800.8

NA: 22

PD:1.0 sec

SW1: 4803
PW: 3.7 usec

[F2: 75.450

F1: 300.030
EX: s2pul




O
/O O O
\ \ I \ \ ‘
200 150 100 50 0 PPM
gmj-9-70-2-c USER: -- DATE: Aug 26 2003
F1: 75.450 \FZ: 300.029 SW1: 18868 OF1: 8278.2 PTS1d: 65536 \
EX: s2pul PW: 4.2 usec PD:1.0 sec NA: 44 LB: 0.0 WinNuts - $wdh-6-81-1-C.fid




8260 —
860 ————
G160

ZIET
16€°T
200'T
2er'T
vt ——
9T —
689'T
969'T
12T
65L'T
LT
0LL°T

4

Q

9€6'C
T96'C
S86'¢C

Y

/ N\

L

il
Il

M

3t

78

7 g

\
PPM




998°€T

66€¢C

¥8€'9¢

8¢e'8¢

ousoL—
00022 — >
e ——"

9v6°L2T
vwrger —

G9/°CET

S.6'9€T

T81°00C

/

\

wdh-6-73-1

PPM

0

50

100

150

200



0000
T.00
202t
L0C'T

6TC'T
Teet
veet
9¢e'tT
8¢e'T
TECT
SEC'T

QLA

eveT
¢Se'T
¢I9'1

29C'T
S8¢'T

0cse
ovse
999°€
685°¢
cr9e

v9¢'L
6EV'L
vl
6vv'L
cov'L
L9V°L
cLY'L
88Y'L
€6v'L
vev'L
0€S°L
SES°L
ovs'L
289,
6SS5°L
€897,
V6L
TS6°L
LS6°L
696°L
v.6°L
816°L

N

|

PPM

10


Administrator
1.241

Administrator
1.213


8ET'6T

269'6C

Tve'se

11592
000°LL %
18€°LL w
0zv'LL

£62'82T
20882 — =
Zeeger——
€11°28T

LLT'9ET

6ES'V0C

/N

I
PPM

0

\
100

\
150

\
200




€000~

v0C'T
8¢e'T
SEC'T
LECT
15¢'T

089'T

€L6C
966'C
120
Sv0'e

29C’L
8cr'L
eV L
9EV'L
GGV L
09r'L
SLY'L
87°L
18V,
ves'L
8¢S,
veS'L
vsL
€85°L
295,
LS,
TS6°L
9S56°L
€96°L
G.6°L
6.6°L
€86°L
066°L

}

—

%02

L
|

¢

7 w
N

1180

N

PPM




112’8

GGL'TE

859 —0
000°LL w
TevLL

oL ——
e198el ————
125'82T
T8'ZET

6G8'9€T

¥€8°00¢

I
PPM

\
100

\
150

\
200




€800
580
6180
£06'0
VeT'T
81z’
e
092°T
1821
ZEeT — N\ =
8T

9051

805 T —
€51 ——— 7
TeS'T
1S5
GegrT ——
1562
2982
9882
85T
€092
809
1897 — N\
6197 ———
1802

voL'Z
80L2
62LC
958z
2882
1162
6£6'
796

N

N 4

W

9,07
00T’V
very
8YT'y

1Y

@Aﬁw

€T,
SST'L
0LT'L
6.T°L
68T°L
00c’L
8€¢’L
Lve'L
T8¢,
JASTAVA
T9¢°L
99¢°L
vielL
18¢°L
98¢'L
06¢'L

N

; @A*ox

wdh-6-97-1

M

418

2/85

I

PPM

10



wLEl —

980 YT ——

00zee——
¥9L'Se

e~
£69'62
0sg'0e—
Gz8'se

jeras a4
L0T'vy

99¢°'09

v.S°9L

000°2L w
Sev'lL

826'SZT
§60°92T
S.T°82T
681'8¢T W
502'82T \
L€€°82T

SSb°0PT N
990°'TPT

GG/.¢LT

6ST'0T¢

wdh-6-97-1-C

PPM

0

50

100

150

200



