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Experimental Procedures

Melting points were obtained in open capillary tubes. '

500 or 300 MHz, “C-NMR spectra were recorded at 125 or 75 MHz. All reactions were

H-NMR spectra were recorded at

monitored by TLC, which was performed on precoated silica gel 60 F,s, plates. Flash column
chromatography was effected with silica gel 60 (230-240 mesh) of Macherey-Nagel. HRMS
were measured at 70 eV. Diisopropylamine was used freshly distilled over KOH in each case.
NaH was washed before use with several portions of hexane. MCPBA was dried over MgSO,
in CH,Cl, solution. Reagent quality solvents as THF, diethyl ether and acetonitrile were dry
purchased and kept under an argon atmosphere over activated 4A molecular sieves. For

toluene and benzene, activated 3A molecular sieves were used. CH,CI, was predried over
CaCl,, distilled over P,O, and carefully kept under an argon atmosphere.

General Procedure A. Synthesis of 4-Aminotropones from sulfur substituted p-
Quinamines. To a 0.2 M THF solution of the corresponding p-quinamine, under an argon
atmosphere, 4 equiv of NaH were added. After the time indicated in each case, the mixture
was diluted with CH;CN and filtered over Celite. The solvents were removed under reduced
pressure and the crude purified by flash column chromatography (eluents indicated in each
case).

N-(tert-Butoxycarbonyl)-4-aminotropone (9a). From (&£)-N-(tert-butoxycarbonyl)-4-
amino-4-[(p-tolylsulfinyl)methyl]-2,5-cyclo hexadienone (5a): Following general procedure
A from 50 mg (0.14 mmol, 1 equiv) of (£)-N-(fert-butoxycarbonyl)-4-amino-4-[(p-
tolylsulfinyl)methyl]-2,5-cyclohexadienone (5a), 0.7 mL of THF and 13.2 mg (0.55 mmol, 4
equiv) of NaH. Reaction time: 3 h. Purified by column chromatography in a mixture
Hexane:AcOEt (1:1). Tropone 9a was obtained in a 99% yield as pale yellow crystals. When
IMe (1.1 equiv) is added to the reaction mixture, 9a and MeSOTol 3 were formed and

separated by column chromatography (Hexane:AcOEt 1:1 to AcOEt), in 99% (9a) and 84%



(3). M.p.140-142 °C (CHCl;); 'H-NMR (300 MHz, CDCl3) & 1.50 (s, 9H, ‘Bu), 6.83 (dd, J,=
11.9 and J,= 2.6 Hz, 1H, H;), 6.89 (brs, 1H, NH), 7.01-7.40 (ABXY system, J,3 = 12.9, J,x=
2.6 and Jpy= 2.2 Hz, Av =20.1 Hz, 2H, H, and H;), 7.12 (dd, J,= 12.1 and J,= 9.6 Hz, 1H,
He), 7.43 (dd, J,= 9.7 and J,= 2.0 Hz, 1H, Hs); "H-RMN (300 MHz, MeOD-d,) § 1.54 (s, 9H,
‘Bu), 6.83 (dd, J,= 11.9 and J,;= 3.0 Hz, 1H, H;), 7.05-7.50 (ABXY system, J,3= 12.9, J;x=
3.0 and Jzy= 2.4 Hz, Av =111.3 Hz, 2H, H, and H;), 7.38 (dd, J,= 11.9 and J,= 9.9 Hz, 1H,
He), 7.72 (dd, J,= 9.9 and J,= 2.4 Hz, 1H, Hs); "C-RMN (75 MHz, CDCl;) & 28.1 (3 C, ‘Bu),
82.0 (-C-Bu), 118.6, 132.8, 136.6, 137.2, 142.0, 144.3, 152.0, 186.8 (C=0); MS (m/z) 57
(100), 93 (13), 121 (5), 148 (8), 221 (M", 7); HRMS (EI) Calcd. for C;,H;5sNO; 221.10519,
Found 221.10573; Anal. Calcd. for C,H;sNOs C, 65.14; H, 6.83; N, 6.33. Found C, 65.05; H,
6.47; N, 6.20; IR (neat) v 3055, 2986, 1728, 1645, 1596, 1547, 1510, 1455, 1423, 1370, 1238,
1212, 1153, 1070, 896, 870 cm™; UV (0.12 mM in CH;CN) 327 (0.68 AU). From N-(tert-
butoxycarbonyl)-4-amino-4-[(p-tolylsulfonyl)methyl]-2,5 cyclohexadienone (6a): Following
general procedure A from 45 mg (0.12 mmol, 1 equiv) of N-(fert-butoxycarbonyl)-4-amino-4-
[(p-tolylsulfonyl)methyl]-2,5-cyclohexadienone (6a), 0.7 mL of THF and 11 mg (0.5 mmol, 4
equiv) of NaH. Reaction time: 2 h. Purified by column chromatography in a mixture
Hexane:AcOEt (1:1), 97 % yield.

N-(tert-Butoxycarbonyl)-4-amino-3-methyltropone (9b). Following the general
procedure A from 30 mg (0.06 mmol, 1 equiv) of (&)-N-(fert-butoxycarbonyl)-4-amino-3-
methyl-4-[(p-tolylsulfonyl)methyl]-2,5-cyclohexadienone (5b), 0.4 mL of THF and 6 mg
(0.16 mmol, 4 equiv) of NaH. Reaction time: 1 h. Purified by column chromatography in a
mixture Hexane:AcOEt (1:1). Tropone 9b was obtained pure in a 77% yield as pale yellow
crystals. M.p. 148-150 °C (Acetone); "H-NMR (300 MHz, CDCls) & 1.55 (s, 9H, ‘Bu), 2.31 (s,
3H, CH;-), 6.31-6.43 (brs, 1H, NHBOC), 6.83 (ddd, J,=11.9, J,= 2.8 and J,= 0.8 Hz, 1H,
Hy), 7.12 (dd, J,= 11.7 and J,= 9.9 Hz, 1H, Hy), 7.14 (brs, 1H, H,), 7.74 (d, J,= 9.9 Hz, 1H,
Hs); PC-NMR (75 MHz, CDCl;) § 23.8 (CH;-), 28.2 (3 C, ‘Bu), 82.0 (-C-'Bu), 120.7, 136.1,
136.9, 140.2, 142.9, 143.3, 152.1, 186.2 (C=0); MS (m/z) 57 (100), 59 (22), 77 (11), 104
(14), 106 (16), 107 (23), 133 (11), 135 (10), 151 (11), 162 (11), 179 (12), 235 (M", 8); HRMS
(EI) Calcd. for C;3H;7NO; 235.1208, Found 235.1204.

N-(tert-Butoxycarbonyl)-4-amino-5-methyltropone (9¢). Following the general
procedure A from 35 mg (0.09 mmol, 1 equiv) of (£)-N-(tert-butoxycarbonyl)-4-amino-4-[1'-
methyl-1"-benzenesulfonyl)methyl]-2,5-cyclohexadienone (5¢), 0.5 mL of THF and 9 mg
(0.36 mmol, 4 equiv) of NaH. Reaction time: 4 h. Purified by coulmn chromatography in a
mixture Hexane:AcOEt (1:1). Tropone 9¢ was obtained pure in a 94% yield as a yellowish
oil: '"H-NMR (300 MHz, CDCl3) § 1.51 (s, 9H, ‘Bu), 2.25 (s, 3H, CH;-), 6.27 (brs, 1H,
NHBOC), 6.79-7.10 (ABX system, J,z= 12.5 and J,x= 3.0 Hz, Av =72.7 Hz, 2H, H¢ and H>),
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6.91-7.73 (ABX system, J,3 = 13.3 and J = 2.8 Hz, Av =221.1 Hz, 2H, H, and H;); Be-
NMR (125 MHz, CDCI;) (Double signals are observed since a keto-imine equilibrium is
possible to occur) & 22.1 (CH;-), 22.3 (CHs-), 28.21 (3 C, ‘Bu), 28.23 (3 C, ‘Bu), 81.9 (-C-
‘Bu), 130.1, 132.1, 134.9, 135.0, 137.5, 137.9, 138.5, 138.6, 139.8, 140.3, 140.8, 141.0, 152.5
(‘BuO-C(0)-), 153.6 (‘BuO-C(0)-), 186.40 (C=0), 186.44 (C=0); MS (m/z) 57 (100), 59
(13), 77 (14), 78 (11), 83 (19), 85 (12), 104 (14), 106 (18), 107 (35), 108 (14), 133 (10), 135
(16), 151 (19), 162 (13), 179 (15), 207 (M, 13); HRMS (EI) Calcd. for C;3H;;NO; 235.1208,
Found 235.1200.

N,N -Dimethyl-4-aminotropone (9d). Following the general procedure A from 7 mg
(0.02 mmol, 1 equiv) of (#)-N N’-dimethyl-4-amino-4-[(p-tolylsulfinyl)methyl]-2,5-
cyclohexadienone (5d), 0.1 mL of THF and 3 mg (0.10 mmol, 4 equiv) of NaH. Reaction
time: 2 h. Purified by chromatography on 500 mg silica gel for amines prepacked cartridges
[BondElut LRC-SCX in CH,Cl, and 2.0 M solution of ammonia in MeOH]. Tropone 9d was
obtained pure in a 99% yield as a yellowish oil: "H-NMR (500 MHz, CDCl;) § 2.86 (s, 3H,
CH;N), 2.87 (s, 3H, CH3N), 5.80 (dd, J,= 9.9 and J,= 2.4 Hz, 1H, H;s), 6.50 (dd, J,= 11.8 and
J,= 2.7 Hz, 1H, H;), 6.60-7.00 (ABXY system, J3=12.9, J,;x= 2.8 and Jx= 2.7 Hz, Av=
175.9 Hz, 2H, H, and H;), 7.09 (dd, J,= 11.8 and J,= 9.9 Hz, 1H, Hy); "C-NMR (125 MHz,
CDCl;) 6 30.2 (2CH;N), 104.5, 128.0, 132.2, 139.1, 142.3, 153.9, 186.2 (C=0); MS (m/z) 55
(14), 76 (21), 77 (10), 88 (20), 89 (14), 91 (15), 93 (16), 107 (26), 120 (13), 121 (10), 124
(13), 135 (80), 137 (70), 139 (38), 150 (M'+1, 7); HRMS (FAB+) Calcd. for CsH,NO
135.0684, Found 135.0689.

N-Methyl-4-aminotropone (9e¢). Following the general procedure A from 13 mg (0.05
mmol, 1 equiv) of (4)-N-methyl-4-amino-4-[(p-tolylsulfinyl)methyl]-2,5-cyclohexadienone
(Se), 0.3 mL of THF and 5 mg (0.20 mmol, 4 equiv) of NaH. Reaction time: 2 h. Purified by
chromatography on 500 mg silica gel for amines prepacked cartridges [BondElut LRC-SCX
in CH,Cl, and 2.0 M solution of ammonia in MeOH]. Tropone 9e was obtained pure in a 70%
yield as a yellowish oil. '"H-NMR (300 MHz, CDCl;) & 3.13 (s, 3H, CH;NH), 6.00 (dd, J, =
9.9 and J;,= 1.9 Hz, 1H, Hs), 6.51 (dd, J,= 11.1 and J,= 2.0 Hz, 1H, H;), 7.08-7.11 (m, 2H,
H, and H3), 7.09 (dd, J,= 11.1 and J,= 9.9 Hz, 1H, He); >C-NMR (125 MHz, CDCl5) § 29.7
(CHs-), 108.6, 128.1, 128.2, 138.5, 142.2, 155.6, 185.8 (C=0); MS (m/z) 55 (26), 57 (33), 65
(18), 68 (19), 71 (14), 71 (22), 77 (34), 84 (17), 106 (100), 107 (76), 120 (20), 135 (M", 38);
HRMS (EI) Caled. for CgHoNO 135.0684, Found 135.0689.

N-Benzyl-4-aminotropone (9f). Following the general procedure A from 23 mg (0.07
mmol, 1 equiv) of (%)-N-benzyl-4-amino-4-[(p-tolylsulfinyl)methyl]-2,5-cyclohexadienone
(91), 0.3 mL of THF and 6 mg (0.26 mmol, 4 equiv) of NaH. Reaction time: 2 h. Purified by
chromatography on 500 mg silica gel for amines prepacked cartridges [BondElut LRC-SCX



in CH,Cl, and 2.0 M solution of ammonia in MeOH]. Tropone 9f was obtained in a 99% yield
as green-yellowish oil, that slowly decomposes on standing at rt. '"H-NMR (300 MHz, CDCls)
0 4.31 (s, 2H, CH,-Ph), 5.87 (dd, J;= 10.5 and J;= 2.9 Hz, 1H, Hs), 6.51 (dd, J,= 12.3 and J,
= 2.7 Hz, 1H, H;), 6.63-7.03 (ABX system, J3=12.4, J,x=2.7 Hz, Av =64.0 Hz, 2H, H, and
Hj), 7.06 (dd, J;= 12.4 and J,= 10.5 Hz, 1H, Hg), 7.31-7.42 (m, 5H, Ph); MS (m/z) 57 (12),
60 (12), 65 (19), 66 (34), 91 (100), 121 (M™-91, 36); HRMS (EI) Calcd. for C;4H;;NO —C;H;
121.0528, Found 121.0522.

4-Aminotropone (10a). Following the general procedure A from 77 mg (0.28 mmol, 1
equiv) of 4-amino-4-[(p-tolylsulfonyl)methyl]-2,5-cyclohexadienone (8a), 1.4 mL of THF
and 27 mg (1.11 mmol, 4 equiv) of NaH. Reaction time: 6 h. Purified by chromatography on
500 mg silica gel for amines prepacked cartridges [BondElut LRC-SCX in CH,Cl, and 2.0 M
solution of ammonia in MeOH]. Tropone 10a was obtained pure in a 99% yield as a
yellowish oil: "H-NMR (300 MHz, MeOD-d,) 6 6.38 (dd, J,= 10.3 and J,= 1.2 Hz, 1H, Hj),
6.47 (dd, J,= 11.5 and J,= 2.0 Hz, 1H, H;), 7.06-7.16 (AB system, J,3 = 14.1 Hz, Av =2.1
Hz, 2H, H, and Hj), 7.20 (dd, J,= 11.3 and J, = 10.3 Hz, 1H, Hy); BC-RMN (75 MHz,
MeOD-dy) 6 113.1, 127.2, 134.6, 144.1, 144.9, 161.3, 187.5 (C=0); MS (m/z) 57 (12), 60
(12), 65 (19), 66 (34), 93 (100), 121 (M", 36); HRMS (EI) Calcd. for C;H;NO 121.0527,
Found 121.0533.

4-Amino-3-methyltropone (10b). Following the general procedure A from 13 mg (0.04
mmol, 1 equiv) of (£)-4-amino-3-methyl-4-[(p-tolylsulfonyl)methyl]-2,5-cyclohexadienone
(8b), in 0.3 mL of THF and 5 mg (0.18 mmol, 4 equiv) of NaH. Reaction time: 24 h. Purified
by chromatography on 500 mg silica gel for amines prepacked cartridges [BondElut LRC-
SCX in CH,Cl, and 2.0 M solution of ammonia in MeOH]. Topone 10b was obtained pure in
a 97% vyield as a yellowish oil: '"H-NMR (300 MHz, Acetone-dq) & 2.33 (d, J~= 1.0 Hz, 3H,
CHj-), 6.06-6.25 (brs, 2H, NH,), 6.39 (d, J,= 10.3 Hz, 1H, Hs), 6.44 (dd, J,= 11.3 and J,;=
2.8 Hz, 1H, H5), 7.02 (dd, J,= 11.5 and J,= 10.3 Hz, 1H, Hg), 7.14 (J,= 2.1 and J,= 1.0 Hz,
1H, H,); "C-NMR (75 MHz, Acetone-dg) 8 24.6 (CHs-), 111.0, 128.7, 140.1, 146.0, 157.7,
163.0, 185.4 (C=0); MS (m/z) 55 (20), 57 (19), 58 (64), 63 (13), 65 (19), 69 (54), 77 (23), 91
(70), 92 (25), 107 (20), 123 (22), 124 (51), 135 (M, 5); HRMS (EI) Calcd. for CgHoNO
135.0684, Found 135.0687.

4-Amino-5-methyltropone (10c). Following the general procedure A from 17 mg (0.06
mmol, 1 equiv) of  (¥)-4-amino-4-[1 -methyl-1’-benzenesulfonyl)methyl]-2,5-
cyclohexadienone (8¢), 0.3 mL of THF and 6 mg (0.24 mmol, 4 equiv) of NaH. Reaction
time: 2 h and the crude was purified by chromatography on 500 mg silica gel for amines
prepacked cartridges [BondElut LRC-SCX in CH,Cl, and 2.0 M solution of ammonia in
MeOH]. Tropone 10¢ was obtained in a 99% yield as pale yellow crystals: M.p. 148-150 °C
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(acetone), "H-NMR (300 MHz, CDCl3) 8 2.20 (s, 3H, CH;-), 4-20-4.40 (brs, 2H, NH,), 6.58-
7.08 (ABX system, J,z=12.3 and J,x= 3.0 Hz, Av =140.8 Hz, 2H, H, and H3;), 6.74-7.02 (dd,
Jy=12.9 and J,= 3.0 Hz, 2H, H, and H;); >C-RMN (125 MHz, Acetone-dg) & 22.3 (CH;-),
117.7, 128.8, 133.6, 142.2, 144.4, 153.0, 185.7 (C=0); MS (m/z) 55 (13), 57 (15), 77 (19), 79
(14), 80 (10), 106 (100), 107 (86), 135 (M, 45); HRMS (EI) Calcd. for CsHyNO 135.0684,
Found 135.0690.

Diels-Alder Adduct (11). To a solution of 50 mg (0.23 mmol, 1 equiv) N-(fert-
butoxycarbonyl)-4-aminotropone (9a) in 2 mL of toluene, 44 mg (0.45 mmol, 2 equiv) of
maleimide were added under an argon atmosphere. The reaction mixture was allowed to
reflux for 24 h. After removal of the solvent at reduced pressure, the crude was purified by
column chromatography on silica gel (eluent Hexane:AcOEt, 1:1). Compound 11 was
obtained in 74% yield. "H-NMR (500 MHz, CDCl;) & 1.49 (s, 9H, “Bu), 3.37 (d, J; = 7.6 Hz,
1H, Hg), 3.69 (d, J; = 8.8 Hz, 1H, H,), 3.95 (d, J, = 7.4 Hz, 1H, H,), 5.75 (dd, J, = 11.5 and
J; =19 Hz, 1H, Hy,), 6.10 (t, J, = 7.7 Hz, 1H, Hy), 6.48 (d, J, = 8.7 Hz, 1H, H,), 6.70 (brs,
1H, NHBOC), 7.19 (d, J, = 11.5 Hz, 1H, H,,), 8.18 (s, 1H,-C(0)-NH-C(0)-); "C-NMR (125
MHz, CDCl;) § 28.3 (3C, "Bu), 42.4, 48.4, 53.0, 58.9, 81.0 (“BuOC(0)-), 124.0, 125.9,
135.1, 140.9, 156.5, 175.0 (C=0), 175.4 (C=0), 191.6 (C=0); MS (m/z) 57 (100), 59 (13), 65
(11), 69 (15), 77 (11), 93 (45), 97 (24), 119 (14), 121 (10), 130 (159), 131 (10), 146 (13), 149
(14), 173 (16), 190 (12), 201 (14), 217 (25), 218 (29), 245 (11), 262 (M'-56, 6). HRMS (EI)
Calcd. for Cj,HoN,O5 262.0589, Found 262.0582.

(£)-N-(tert-Butoxycarbonyl)-1-amino-[3.2.0]hepta-2,6-dien-4-ona (12). A solution of 50
mg (0.23 mmol, 1 equiv) N-(tert-butoxycarbonyl)-4-aminotropone (9a) in 2 mL of CH;CN
was degasified with a stream of dry argon for 15 min. Then, the reaction mixture was
irradiated with a high pressure Hg lamp (400 W) under continuous stirring for 4 h at room
temperature (overheating was not detected). The reaction was monitored by TLC and after 4 h
the solvent was removed in vacuo without overheating the water bath, (water bath
temperature 20-25 °C since the 4m-electrocyclic reaction is reversible). The bicyclic dienone
12 was obtained in a 60% yield after flash column chromatography on silica gel
(CH,Cly:AcOEt, 9:1): 'TH-NMR (300 MHz, CDCl;) & 1.43 (s, 9H, “Bu), 3.33 (s, 1H, Hs), 5.12
(brs, 1H, NHBOC), 5.96 (d, J; = 6.9 Hz, 2H, H3;), 6.54 (d, J; = 2.2 Hz, 2H, Hy), 6.67 (s, 1H,
H,),), 7.57 (d, J, = 6.9 Hz, 2H, H,); "C-NMR (75 MHz, CDCl;) § 28.7 (3C, “Bu), 58.7, 68.3,
81.0 ("BuOC(0)-), 131.6, 139.6, 143.1, 155.1, 161.3, 200.6 (C=0); MS (m/z) 58 (21), 59
(37), 64 (10), 65 (259, 66 (22), 77 (15), 83 (129, 91 (16), 93 (100), 105 (13), 119 (17), 121
(24), 137 (27), 147 (25), 221 (M™, 0.28); HRMS (EI) Calcd. for C;,H;sNO; 221.10519,
Found 221.10469; IR (neat) 3055, 2931, 2306, 1706, 1597, 1548, 1485, 1422, 1394, 1369,
1238, 1159, 1061, 896 cm™.
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Supplementary Material for Chemical Communications

S-21

27

9.L2E°8C

EEPY Ty —

[98E°8Y —
8C0°€§ —

91685 —

[800°18 —

PrL6°ECT
8EC6°STT —

8IITSCET —
9906 0¥ —

SCIS 96T —

9910°SLT ——
co6e LT~

9.6 161 —

\
60

WWMMWWWMWWWWWMWWWWWWWW
4\0 T I T 2\0 T I T \0 T I T

NH

BocHN

(¥)-(11)

T T T T T T T I T I
120 100 80

\
180

]
Wmmwmmwmwmwwmm

\
200

(ppm)



e e iaadsa aps s wen - mas fdig
wdd 6T 0'Z §°Z 0°E S'C 0°F S°F 0°S §°G 0-9 S'9 0L S°L 08
1 1 1 L

_I-I.IV/W_ | I | | | L L. 1 3 7 PP N L

0°8- /
v i
ao § 49 . a
ZH 00" a1 <y
Z €ss €L s g?
ANISD Ham _O .
ZHW GIS00ET " 00S das o [ ] L |
IddL ZoH 0° L T
pzoT Is y o Z
siajawered Butesadorg - 14 . . T
& ¥
00°1 24 579+ ] & nu %
il g9 1 L0
ZH 00°0 a7 “ w - il 2
Z g88 5
anIsd mam 079 \‘vQ ' e
ZHHW S9500£1°008 48 Il . =
vZot 15 G ] T
siajswered Butssasoig - za cig 1 ' ] -
144z ORI w @ )
wdd gL g Mus °
ZH TLLZLO LT SAHATA 06 # L
THH EZET 005 1045 y
95z az ;
2 0dan Pt
s1ajauwered ucyriteTnboy - 13 o — '
ZHH BEDEZET 006 104s ¢ i
gP 00 - 1148
Dagn QL 1d
HT 20N
s=sczzme [] TIHHVHD m===o===
28E OFPITO00°0 OHI
288 700000090 8a
285 ZOETH996°T 1a
285 QQE0QOOO "0 op
A 0°00E ar
aBEN 0g°9 324
28BSO 00K FPTT Ma
L1112 o
298 ZIPEFEZ 0 oy
ZH 9G0OPET 2 Sa8aAT
ZH GZ9 OLEFR HMS
1] Sd
e SH
ET2D LHIANTOS
aroz aL
dyfesou H0"4aTNd
TINUTITAN une OHE0Ed
ioads HNFLISNI
av'ez _sutL
6ISO0F00Z 2370
€xajoweIed uorivstnboy - z3
T QONI0Hd
Z OHdX3 I
eupEys-bigez FHYN +I O08HN

BIdjawere ejeq jusiIn)

_ﬁg YRAYHD

(ZHN 008) AS3ON

(14



6¢C

unmy i esyrsadsapis sa e manm dng

0 °9

ZH 00°0 7
4 €55
ANISD Mam

ZHW S9500£1°00% 45
Iddil ZOH
PZOT is
sxajawered Burssancid - 14
001 2d

a L]

ZH 0070 a1
Z as5s
ANISD Mam
ZHW S9S00ET "00S 48
FEZOT 18
saalowezed Burssasors - 74
Iddd A00HUL

wdd gL' g us
TH TLLEZLOTLY S34aT1a
THH £ZET 006 1045
9%e aL

z oan
syajawered uoryTsTnboy - T3
IHH FEOEZET 009 1045
#P 00 £~ 114
J8sn DE'L 14
HT TINH
mwmmm=== [ TIHNYH) ========
S35 QPPIT000°0 ONI
238 700000020 aa
038 ZOETP99G" 1 1a
288 DOEO0000°0 op
d 0°00€ AL
29E0 0079 aa
880 00F°PIT Ma
¥ 90k o

o885 ZIPEREZ O o
ZH 960VET T Frct. g )
ZH GE9TOLEY HMS
8 sa

14 SN
£T0a2 INFATOS
ar02 aL
dadsaou 904d10d
T2NUTITIH wu § aHEoEd
yoads HIELSHI

gy 2 _Buit L
6I50F00Z a3wq
EIajaweled H__U.mu.ﬁﬂ..n:UUQ - g4
1 OHIOYd

z ONAXH
Pupey3-bl 62 N

SI1ajIueled IR0 JuaiIng

r@g WHAYHD

wdd
0°F

E4]
[+2]

— =T

Q

g ,m/wf\

HH

¢4  OO8HN

€S

(zHN 00S) ASION

SUOTJEOTUNIIOY) [BOIWAYY) 10J [eLIoJeN Alejuswojddng



oy uunesnadsa/Ipis/satwen mmmdny

wdd -1 P'T 9°'T 8T 0'Z 2°2 F'Z 9°Z 8°Z 0°€ Z°fF P'E 9°€ B'E 0%
1 1 1 1 | L 1 1 1 | | ] |

0"F : . .
£
B8 E-
1] " 79
ZH 00" a1
Z 48§ [+ Rl ot _.m“
anIsh Bam
ZTHH S9G00ET 005 45
Iddl Z0H
FEOT is FE
sIajawered Butessdoig - 14 T
00" 1 oa o
il a9 2'E
ZH 00°0 a1 =
Z 58
ANISD uam "
ZHH 59500677005 as 0" £+
P01 I8
sIajawered burssasnorg - z3
1ddl FAOHU 8-e
wdd GeL'g us o
ZH TLLZLO'LT S3YAId "
ZHW EZET 005 1035 : 9 E= 0
952 axn X
z 0an [
sxajeuered uotiTsTnboy - 14
F 2
ZHH PEOEZET 00S 1048
dP 00" £~ T1d
2980 0E°L Td <
HI 1208 (A2
TEEnm .—-W o]
Sa3% OFPITO00 0 ONI 02
288 00000090 i [ud
D88 ZOETP996°1 1a
28S DOEOOO00T 0 op
A 0°00€ aL 8 14
288N 008 3a \
Qasn 0ok PI1 naI P_
v 90k o . @
238 ZIVEWEZ' O oV 91
IH 960FET T 539ara
ZH 6Z9 0LEY HME
] =] 7T m
154 SH
ETD2AD LNEATOS
aroe aL
djigaou D0H4T0d 214
TONUTITNR un g (dHEO0Hd J
1oads HAYLENT :
By 2 _autl wdd Y
G150V00E @
sI1ajswexed uotitstnboy - z3
T ON20dd mI
Z ONd¥A
Pwpeya-biggz FHYN

sI3j8WeIRg BIEg jULaIIng

%guﬂ YHAYHD

Y-S



|3

(udd)

00 01 0¢c 0¢€ 0r 0s 09 0L 08 06
T T T O T T T T Y Y Y
T A A
NHOO4
(21)-(3)
H o
S

SUOTJEOTUNIIOY) [BOIWAYY) 10J [eLIoJeN Alejuswojddng



S-26

LD
N
1S69°8C i
=
w.
PH0L S —— S
o
S0LT99 — S é B
0rH0 T8 —— - g -
i S
=
~
i S
- N
~
6SE9°TET —— zg
$86S 65T —— S
SESTSHT —— =~
7£90°6ST —— s S é
A S
S967°191 —— H -2
- i
5‘% *
O
O S
Q B
i S
S
1L£9°407 —— =1
i S
- N
N

32

(ppm)



139

JLH

LIvLYT DADD
86 punodwod 10J JALIYO AeY-X

LTS

SUOTJEOTUNIIOY) [BOIWAYY) 10J [eLIoJeN Alejuswojddng



