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General information:

Column chromatography was carried out on silica gel. '"H NMR spectra were
recorded on 500 MHz or 400 MHz in CDCl; and 3C NMR spectra were recorded on
125 MHz or 100 MHz in CDCl;. All new products were further characterized by
HRMS; copies of their 'H NMR, "*C NMR and "F NMR spectra are provided. Unless
otherwise stated, all arenes and solvents were purchased from commercial suppliers
and used without further purification. Other substrates (1c, 1d, 1e, 1f, 1g, 1h, 1i, 1j, 1p,
1q, 1r) were prepared according to the following literatures:

(a) Liu, D.; Gao, W.; Dai, Q.; Zhang, X. Org. Lett. 2005, 7, 4907-4910.

(b) Kitamura, Y.; Sako, S.; Udzu, T.; Tsutsui, A.; Maegawa, T.; Monguchi, Y. and
Sajiki, H. Chem. Commun., 2007, 5069-5071.

Typical procedure for carbonylation of 1 with CO and Alcohol

A vial (5 mL) charged with arene 1 (0.1 mmol), n-pentanol (0.5 mmol), Oxone (185
mg, 0.3 mmol), [Rh(cod)Cl], (2 mol %) and toluene (2.0 mL) was stirred in a steel
autoclave under CO (2 atm). After stirring at 110 °C for 8 h, the CO was released
carefully and the solution was subjected to a short column of silica gel to remove the
solid and concentrated under reduced pressure. The residue was purified by
chromatography on silica gel to afford corresponding products 2.

Spectroscopic data for products 2

CL
CO,CsH;;

2a

2a: oil. '"H NMR (500 MHz, CDCl3) & 8.65-8.64 (d, J = 4.0 Hz, 1H), 7.85-7.83 (d, J =
7.5 Hz, 1H), 7.76-7.73 (t, J = 7.5 Hz, 1H), 7.55 (m, 2H), 7.49-7.46 (t, J = 7.5 Hz, 2H),
7.26-7.24 (d, J = 7.5 Hz, 1H), 4.09-4.06 (t, J = 6.5 Hz, 2H), 1.44-1.40 (m, 2H),
1.24-1.21 (m, 2H), 1.13-1.08 (m, 2H), 0.86-0.83 (t, J = 7.5 Hz, 3H). °C NMR (125
MHz, CDCl) 6 168.9, 158.9, 149.1, 140.9, 136.1, 131.9, 131.0, 129.8, 129.7, 128.3,
122.8, 122.0, 65.2, 28.0, 27.9, 22.3, 13.9. HRMS (ESI) Calcd for C;7HyNO, (MH"):
270.1489, found (MH™): 270.1483.

(" N\

Py

CO,CsHy1

2b

. J

2b: oil. 'H NMR (500 MHz, CDCl3) & 8.64-8.63 (m, 1H), 7.73-7.70 (m, 1H), 7.63 (s,
1H), 7.46-7.43 (m, 2H), 7.37-7.35 (m, 1H), 7.24-7.21 (m, 1H), 4.08-4.05 (t, J/ = 6.5 Hz,
2H), 2.44 (s, 1H), 1.44-1.38 (m, 2H), 1.26-1.19 (m, 2H), 1.11-1.07 (m, 2H), 0.85-0.82
(t, J = 7.5 Hz, 3H). °C NMR (125 MHz, CDCl3) & 169.2, 158.9, 149.0, 138.3, 138.1,
136.0, 131.8, 131.6, 130.2, 129.7, 122.7, 121.8, 65.2, 28.0, 27.9, 22.3, 21.0, 13.9.
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HRMS (ESI) Calcd for C1gHNO, (MH): 284.1645, found (MH™): 284.1638.

Py

CO,CsHy4
2c

2¢: oil. "H NMR (500 MHz, CDCls) & 8.68-8.67 (m, 1H), 7.83-7.81 (m, 1H), 7.63 (d, J
= 7.5 Hz, 1H), 7.75-7.71 (m, 1H), 7.44-7.42 (m, 1H), 7.38-7.35 (t, J = 7.5 Hz, 1H),

7.28-7.25 (m, 1H), 3.98-3.95 (t, J = 6.5 Hz, 2H), 2.12 (s, 1H), 1.37-1.33 (m, 2H),

1.27-1.23 (m, 2H), 1.19-1.14 (m, 2H), 0.88-0.85 (m, 3H). >C NMR (100 MHz, CDCls)
0 167.7, 159.4, 149.1, 140.9, 137.1, 135.7, 133.7, 131.0, 127.9, 127.8, 124.0, 121.7,

65.0, 28.0,27.9, 22.3, 20.1, 13.9. HRMS (ESI) Calcd for C;sH»NO, (MH): 284.1645,

found (MH"): 284.1643.

( \

Py

CO2Cs5H; 4

MeO 2d

. J

2d: oil. '"H NMR (500 MHz, CDCl5) & 8.61-8.60 (m, 1H), 7.72-7.69 (m, 1H), 7.52-7.48
(m, 1H), 7.43-7.42 (m, 1H), 7.33-7.32 (m, 1H), 7.22-7.20 (m, 1H), 7.09-7.06 (m, 1H),
4.09-4.06 (t, J = 6.5 Hz, 2H), 3.91-3.88 (m, 3H), 1.43-1.39 (m, 2H), 1.26-1.20 (m, 2H),
1.11-1.07 (m, 2H), 0.86-0.82 (m, 3H). °C NMR (125 MHz, CDCl3) § 169.0, 159.5,
158.5, 149.0, 136.1, 133.4, 133.2, 131.1, 122.6, 121.6, 116.9, 114.6, 65.3, 55.6, 28.0,
27.9, 22.2, 13.9. HRMS (ESI) Calcd for C1gH»NO3; (MH"): 300.1594, found (MH"):
300.1588.

MeQ Py
@’Cozcsm 1
2e

2e: oil. "H NMR (500 MHz, CDCl3) § 8.64-8.63 (d, J = 4.0 Hz, 1H), 7.72-7.69 (m, 1H),
7.51-7.50 (d, J = 3.0 Hz, 1H), 7.45-7.39 (m, 2H), 7.24-7.21 (m, 1H), 7.13-7.11 (d, J =
8.0 Hz, 1H), 3.99-3.96 (t, J = 6.5 Hz, 2H), 3.75 (s, 3H), 1.37-1.32 (m, 2H), 1.26-1.20
(m, 2H), 1.15-1.10 (m, 2H), 0.89-0.84 (m, 3H). °C NMR (125 MHz, CDCl3) & 167.9,
157.0, 156.0, 148.9, 135.3, 133.3, 130.3, 129.2, 125.1, 122.0, 121.7, 114.2, 65.0, 56.1,
28.0, 27.9, 22.2, 13.9. HRMS (ESI) Caled for C;sH»NO; (MH"): 300.1594, found
(MH"): 300.1585.
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CO2CsH14
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2f: oil. "H NMR (500 MHz, CDCl5) & 8.62-8.61 (m, 1H), 7.72-7.69 (m, 1H), 7.53-7.51
(dd, J; = 8.0 Hz, J, = 1.0 Hz, 1H), 7.26 (s, 1H), 7.22-7.19 (m, 1H), 7.09 (s, 1H),
4.07-4.04 (t, J = 6.5 Hz, 2H), 2.41 (s, 3H), 2.38 (s, 3H), 1.43-1.40 (m, 2H), 1.23-1.18
(m, 2H), 1.08-1.05 (m, 2H), 0.84-0.81 (m, 3H). °C NMR (125 MHz, CDCl3) & 170.1,
158.4, 149.1, 139.3, 139.0, 136.3, 136.3, 131.3, 130.4, 127.3, 122.3, 121.9, 65.0, 27.9,
27.9, 22.3, 21.2, 19.7, 13.9. HRMS (ESI) Calcd for C;oHuNO, (MH"): 298.1802,
found (MH"): 298.1796.

( N\

Py

CO,CsHy4

F 29

.

2g: oil. 'H NMR (500 MHz, CDCls) & 8.63-8.62 (m, 1H), 7.75-7.71 (m, 1H), 7.54-7.51
(m, 2H), 7.44-7.42 (dd, J; = 8.0 Hz, J, = 1.0 Hz, 1H), 7.26-7.24 (m, 2H), 4.09-4.07 (m,
2H), 1.45-1.41 (m, 2H), 1.27-1.21 (m, 2H), 1.13-1.08 (m, 2H), 0.87-0.82 (m, 3H). °C
NMR (125 MHz, CDCl3) § 167.6 (d, J = 2.3 Hz), 162.2 (d, Jcr = 248.1 Hz), 157.8,
149.0, 137.0 (d, Jep = 3.8 Hz), 136.2, 133.7 (d, Jor = 7.4 Hz), 131.7 (d, Jcr = 7.9 Hz),
1227, 122.0, 117.9 (d, Jop = 21.3 Hz), 116.8 (d, Jop = 23.6 Hz), 65.5, 27.9, 27.8, 22.2,
13.8. '°F NMR (470 MHz, CDCl3): § —113.32 - —113.37 (m). HRMS (ESI) Calcd for
C17H;sFNO, (MH"): 288.1394, found (MH*): 288.1388.

J

R Py

F CO.CsH 11
2h

2h: oil. '"H NMR (500 MHz, CDCl5) & 8.68-8.67 (dd, J; = 4.5 Hz, J, = 1.0 Hz, 1H),
7.80-7.77 (m, 1H), 7.74-7.71 (m, 1H), 7.48-7.47 (d, J = 8.0 Hz, 1H), 7.33-7.26 (m, 2H),
4.02-3.99 (t, J = 6.5 Hz, 2H), 1.39-1.33 (m, 2H), 1.25-1.21 (m, 2H), 1.13-1.09 (m, 2H),
0.86-0.83 (t, J = 7.5 Hz, 3H). *C NMR (125 MHz, CDCl;) & 166.2 (d, J = 2.3 Hz),
152.6 (dd, Jers = 254.0 Hz, Jeps = 13.9 Hz), 152.3 (d, Jors = 2.8 Hz), 149.4, 148.2 (dd,
Jepr = 248.5 Hz, Jers = 13.5 Hz), 136.0, 131.6 (d, Jor = 12.9 Hz), 128.6 (d, Jcr = 3.6
Hz), 126.4 (m), 124.7 (d, Jor = 2.8 Hz), 122.8, 116.7 (d, Jor = 17.5 Hz), 65.5,27.9,
27.9,22.2, 13.8. ’FNMR (470 MHz, CDCl3): 5 —131.82 - —=131.90 (m, 1F), —140.56 -
~140.62 (m, 1F). HRMS (ESI) Calcd for C;7H;sFoNO, (MHY): 306.1300, found (MH™):
306.1292.
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2i: oil. "H NMR (500 MHz, CDCl;) & 8.66-8.65 (m, 1H), 8.08 (s, 1H), 7.81-7.76 (m,
2H), 7.69-7.67 (d, J = 8.5 Hz, 1H), 7.50-7.48 (m, 1H), 7.32-7.29 (m, 1H), 4.12-4.09
(m, 2H), 1.45-1.40 (m, 2H), 1.25-1.21 (m, 2H), 1.12-1.08 (m, 2H), 0.87-0.82 (m, 3H).
3C NMR (125 MHz, CDCl3) & 167.7, 157.4, 149.3, 144.1, 136.4, 132.7, 130.4 (d, J =
36.5 Hz), 127.6 (q, J = 4 Hz), 126.8 (q, J = 4 Hz), 122.8, 124.4 (q, J = 270 Hz), 122.8,
122.6, 65.7,27.9, 27.8, 22.2, 13.8. "’F NMR (470 MHz, CDCl5): & —63.15 (s). HRMS
(ESI) Calcd for CisHioFsNO, (MH™): 338.1362, found (MH"): 338.1355.

Fsc Py

@COQCQHS

2j

2j: oil. '"H NMR (500 MHz, CDCl5) & 8.64-8.63 (m, 1H), 8.13-8.12 (d, J = 8.0 Hz, 1H),
7.92-791 (d, J = 8.0 Hz, 1H), 7.76-7.73 (m, 1H), 7.62-7.59 (t, J = 8.0 Hz, 1H),
7.40-7.38 (d, J = 7.5 Hz, 1H), 7.33-7.31 (m, 1H), 4.05-4.00 (q, J = 7.0 Hz, 2H),
1.01-0.98 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCL) & 166.5, 156.2, 148.6,
140.1, 135.3, 133.6 (d, J = 32 Hz), 129.5, 129.1 (q, J = 4 Hz), 128.3, 124.8 (q, J = 272
Hz,), 124.5, 122.5, 122.2, 61.2, 13.7. ’"F NMR (470 MHz, CDCl;): & —57.25 (s).
HRMS (ESI) Calcd for CisHi3F3sNO, (MHY): 296.0893, found (MH"): 296.0886.

Py

MeO,C CO,CsH

2k

2k: oil. "H NMR (500 MHz, CDCl;) & 8.66-8.65 (m, 1H), 8.47-8.47 (d, J = 1.5 Hz, 1H),
8.21-8.19 (dd, J; = 8.0 Hz, J, = 1.5 Hz, 1H), 7.78-7.75 (m, 1H), 7.64-7.63 (d, J = 8.0
Hz, 1H), 7.50-7.49 (d, /= 8.0 Hz, 1H), 7.30-7.26 (m, 1H), 4.11-4.09 (t, J = 6.5 Hz, 2H),
3.96 (s, 3H), 1.47-1.43 (m, 2H), 1.26-1.21 (m, 2H), 1.14-1.09 (m, 2H), 0.87-0.82 (m,
3H). C NMR (125 MHz, CDCl3) § 168.1, 166.0, 157.7, 149.2, 144.8, 136.3, 132.3,
131.8,130.9, 130.1, 130.0, 122.8, 122.5, 65.5, 52.4, 28.0, 27.9, 22.2, 13.9. HRMS (ESI)
Calcd for C1oH»NO4 (MH™): 328.1543, found (MH™): 328.1534.

Py

g g CO2C5H; 4
21
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21: oil. '"H NMR (500 MHz, CDCl3) & 8.78-8.77 (dd, J; = 5.0 Hz, J, = 1.0 Hz, 1H)
8.06-8.05 (d, J = 8.5 Hz, 1H), 7.97-7.95 (d, J = 8.5 Hz, 1H), 7.93-7.91 (d, J = 8.0 Hz,
1H), 7.84-7.81 (m, 1H), 7.57-7.54 (m, 1H), 7.47-7.37 (m, 4H), 4.06-4.03 (t, /= 6.5 Hz,
2H), 1.43-1.38 (m, 2H), 1.30-1.24 (m, 2H), 1.23-1.18 (m, 2H), 0.93-0.85 (m, 3H). °C
NMR (100 MHz, CDCls) 6 167.7, 158.5, 149.3, 140.4, 135.7, 135.0, 132.1, 128.5,
1279, 127.7, 127.6, 127.1, 126.8, 125.8, 125.1, 122.1, 65.2, 28.0, 28.0, 22.3, 13.9.
HRMS (ESI) Caled for C,1HNO, (MHY): 320.1645, found (MH™): 320.1638.

Py

QL
2m

2m: oil. '"H NMR (500 MHz, CDCl3) 6 8.64-8.62 (m, 1H), 7.86-7.84 (m, 1H),
7.73-7.70 (m, 1H), 7.51-7.50 (m, 1H), 7.34-7.33 (m, 1H), 7.27-7.24 (m, 1H), 4.23-4.20
(m, 2H), 1.65-1.61 (m, 2H), 1.33-1.26 (m, 4H), 0.89-0.87 (m, 3H). BC NMR (125
MHz, CDCl;) 6 163.6, 151.8, 149.8, 149.1, 135.9, 130.2, 129.1, 125.9, 124.4, 122.9,
65.0, 28.2, 28.1, 22.3, 13.9. HRMS (ESI) Calcd for C;sH;sNO,S (MH"): 276.1053,
found (MH"): 276.1045.

0

N—N

GCO2C5H11
2n

. /

CO2CsH14

( )\

2n: oil. '"H NMR (500 MHz, CDCl;) § 7.82-7.80 (d, J = 8.0 Hz, 1H), 7.69-7.68 (m, 2H),
7.58-7.54 (m, 1H), 7.48-7.42 (m, 2H), 6.43-6.43 (d, J = 1.5 Hz, 1H), 4.13-4.11 (t, J =
6.5 Hz, 2H), 1.52-1.48 (m, 2H), 1.30-1.18 (m, 4H), 0.88-0.85 (m, 3H). '*C NMR (125
MHz, CDCl3) § 166.9, 140.8, 139.3, 131.8, 130.4, 129.9, 128.0, 127.7, 125.3, 106.9,
65.6, 27.9, 27.9, 22.2, 13.8. HRMS (ESI) Calcd for CisH;oN,O, (MH"): 259.1441,
found (MH"): 259.1433.

20: oil. '"H NMR (500 MHz, CDCls) § 8.20-8.18 (d, J = 8.5 Hz, 1H), 8.13-8.11 (d, J =
8.5 Hz, 1H), 7.92-7.90 (d, J = 8.0 Hz, 1H), 7.85-7.84 (d, /= 8.0 Hz, 1H), 7.73-7.70 (m,
1H), 7.67-7.66 (d, J = 7.5 Hz, 1H), 7.61-7.49 (m, 4H), 4.03-4.00 (m, 2H), 1.26-1.19
(m, 2H), 1.01-0.97 (m, 2H), 0.86-0.81 (m, 2H), 0.67-0.64 (m, 3H). C NMR (125
MHz, CDCl) 6 168.8, 158.9, 147.8, 141.3, 135.9, 131.9, 131.2, 130.0, 129.9, 129.6,
129.5, 128.5, 127.4, 126.9, 126.4, 121.2, 65.2, 27.9, 27.8, 22.1, 13.7. HRMS (ESI)
Calcd for CoiHxuNO, (MH™): 320.1645, found (MH™): 320.1633.
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\ 2p CO,CsH; 1 )
2p: oil. "H NMR (500 MHz, CDCl3) & 8.78-8.77 (m, 2H), 7.92-7.91 (d, J = 7.5 Hz, 1H),
7.52 (s, 1H), 7.39-7.37 (m, 1H), 7.21-7.19 (t, / = 5.0 Hz, 1H), 4.17-4.14 (t, J = 6.5 Hz,
2H), 2.43 (s, 3H), 1.53-1.48 (m, 2H), 1.28-1.22 (m, 2H), 1.19-1.14 (m, 2H), 0.88-0.83
(m, 3H). °C NMR (125 MHz, CDCl3) & 169.8, 165.8, 156.8, 139.9, 133.2, 131.3,
129.9, 129.5, 118.8, 65.3, 28.1, 28.0, 22.3, 21.2, 13.9. HRMS (ESI) Calcd for
C17H21N,O, (MH™): 285.1598, found (MH™): 285.1590.

~

NS

N
CO,CsH;

2q )

2q: oil. "H NMR (500 MHz, CDCl3) § 7.61-7.58 (m, 2H), 7.44-7.43 (d, J = 7.5 Hz, 1H),
7.34-7.33 (m, 1H), 7.26-7.24 (m, 1H), 7.09-7.08 (d, J = 8.0 Hz, 1H), 4.07-4.04 (m, 2H),
2.57 (s, 3H), 2.42 (s, 3H), 1.42-1.39 (m, 2H), 1.26-1.20 (m, 2H), 1.09-1.06 (m, 2H),
0.85-0.82 (m, 3H). °C NMR (125 MHz, CDCl3) § 169.4, 158.1, 157.6, 138.2, 138.1,
136.3,131.9, 131.5, 130.1, 129.6, 121.3, 119.5, 65.1, 28.0, 27.9, 24.5, 22.3, 21.0, 13.9.
HRMS (ESI) Caled for C19HxNO, (MH"): 298.1802, found (MH"): 298.1797.

L

=~

NS

N

o COE

. /

2s: oil. '"H NMR (500 MHz, CDCl3) & 8.65-8.64 (m, 1H), 7.85-7.84 (m, 1H), 7.75-7.74
(m, 1H), 7.56-7.55 (m, 2H), 7.48-7.45 (m, 2H), 7.28-7.26 (m, 1H), 4.16-4.12 (m, 2H),
1.08-1.04 (m, 3H). °C NMR (125 MHz, CDCl;) § 168.7, 158.9, 148.9, 141.0, 136.1,
131.8, 131.1, 129.8, 129.8, 128.3, 122.9, 122.0, 60.9, 13.8.
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2t

. J

2t: oil. "H NMR (500 MHz, CDCls) & 8.65-8.63 (m, 1H), 7.84-7.82 (m, 1H), 7.75-7.72
(m, 1H), 7.55-7.52 (m, 2H), 7.48-7.45 (m, 2H), 7.27-7.25 (m, 1H), 5.06-5.01 (m, 1H),
1.09 (s, 3H), 1.08 (s, 3H). '*C NMR (125 MHz, CDCl5) § 168.2, 159.0, 149.0, 140.9,
136.1, 132.2, 130.9, 129.8, 129.7, 128.2, 122.9, 121.9, 68.5, 21.5.

-S8-



2a

S
sboyr
-
< |
R oL
got =
. -
or e
il =
[T
AR
ST
|
o
-
oo -
i e
8 m—
{
i
|
|
W
N—J‘ |
i
. L
5.0 o
onl - ——
bac{
w -
wloo
- !
i
i
1

wdd

=

Ad

a
S
&

-S9-

436
431
418
.401
.261
239
224
203
128
W11z
.098
.082
.857
.842
.828



Py

a 0020sH1

2a

0ze

|
L

02

08T
[ENETENEE B

-
o
=1

00T

08 08

137

02
[ S A

-S10-

_——168.817

o158 .896

———rra— 149 . 064

140.948

- —121.870

——65.205

28.001

—(C27923

22.224



CO2CsH; 1

2b

2b

;
o
oL 4
:

.
-
wo i
oL o
:
i | =
@ T 1
:

~+

S6
L

822
602 2072

oot e

. —

-S11-

L0749
. 066
.053



2b

2b

CO2CsH14

11

022

;21

09T

0 002
AR ST ST I T O S A AU Lol

vt

00t

627
et el \

Loy ol

09

117

0z

wdd
P P I O ST A ST TR U0 AT G S

-S12-

65.

—27.
27,

—22.

—_—21.

.237

.850

.312
.0839
.046
.755
.633
.249
L7186
.727
.757

.263
.008
.756

885
910
272
046



2c

Py

CO,C5H4
2c

280

06°0
e

21°36°0

£6°0

i

-S13-

PSS

3.

-247

8§78
965
951

2116

.374
. 380
.343
.330
.274
.272
.250
.244
.229
. 188
.186
.177
-172
.164
-157
-147
.144
»140
.878
.863
.857
-849



2c

Py

CO,CsH 1

2c

022

0971 08T 002
PRI Ll a0l

PR

09 e 60T 027 T
STUVENES BV S S I AT A EVEVETATIE S AR T A sl e baan

(i}

02

wdd

L la gl

-S14-

R S —— |

-~ 159 .438

e 149,098

- 140.930
---137.055

~-77.818
77.001
76.681

[ ——— L E1

—_————13.889



2d

Py

CO,CsH

MeO 2d

06°0/8°0 95°0

26

s8¢

“eTTT

b by

£6°0 b8

ok

wdd

v

A W(WW

-S15-

.6049
.720
L7189
L7058
.702
689
.688
517
.515
496
.485
.480
.478
.433
.431
.17
-415
.27
.324
.322
.263
261
.220
.210
.208
2205
195
. 086
.084
.7.080
079
.069
.067
.064
062

4.086

Y=

3.912

g
3.901

3.897

3.887

.883

1.434
1.418

/—1.405

1.387

1.260
/r—1.240

/11 —1.228

=1
- ////—1.106

1.105
1,092
1.088
1.079
1.073
0.863
0.843
0.845
0.834
0.831
0.819
0.816



Py

CO2Cs5H; 4

MeO 2d

J/
P —— - ____________________________________________________________]

~

~ -

=]

~ ]

P

p=gm

]

o -

=]
1 - 158.371

- ]

ol £ _ ,-153.a88

o] ¥ ————————..158.513
3 — 148.984

-1

g— 3!
1 ~—136.057
] 133.358
1 & 133162
B TT\—131.071

- ] —122.601
| —————121.557

1% —118.025
] ———__116.870
1 T\ 114.616

[

=]

=g

o ]

2] 17264
i S —— —77.008
] \_76.753
1 65.484
1 & ————e5.821

P

=]
N S— — 55,578

&

e
1 & 27.954
4 C27.902

~ 22.264

i {22.231
b 13.883
] — 13868

- ]

3

3

-S16-



MeO

CO,CsHy1
2e

2e

B6°0 8.°T b6°0

vo

ve'z
8172282

5€°€

€0°T S6°0

L B e e B

ywy T

T0°2

-

ke

-

wdd

-S17-

—_ 3

3.

-637
.628

.721
.715
.206
.694
.690
.511
.4395
.448
.433
.416
.400
.394
.263
.259
.238
.225
L2168
.213
.127
L1110

.985
.972

3.
.758

458

753

.374
.360

[ 1.344

.320
.317
.258
.241
.226
211
.197
.154
.138
.124
.122
-114
.108
.093
.888
.880
.874
.864
.849
.844
.835



2e

MeO

CO,CsHy1
2e

09 De 0et 02T T 09T 08T 002 022
S S S S T T S T T T W S ST O W A S S U T S AT AT AR WA N AN TRV EN AV

0

0e

TR IR R R R |

wdd

Ll

-S18-

167.

—157.
~—156.

148.

/ﬁ27 .
27,

22.

945

032
029

.287
.273
.271
.212
.133
.027
.705

.264
.008
.753

.040

.059

943
906

.861



CO,CsHy4
2f

vE ®0°T

90°2
91°z b2'2
s e

81°€

~—4.065

_—— 4.052

—-4.038

~—2.410
+—2.380

\o.806



2f

Py

CO,CsHy4
2f

oy 09 0g 00T 0eT ovT 09T 087 002 022
TNV NI A SOVERS VOO I T S S N 0 I A A S AV U AN S S A S AR AN SR RPN S SV R BV AP S SIS ARSI ST AT IS R

0e

0

wdd

TRVEFIN N RUUUII R ENEUE RS BN U RN B AT AR SU AT SNR AT ST SO A

-S20-

158.

—77.
——
76,

13.

.052

443

.307
.048
.335
.320
-285
.408
.287
.260
.886

260
004
749

.993

.936
.817
.250
.202
.677

880



2g

Py

CO,CsHy4

E8°0 90°T

20°292°T

[21)

9172
90°2 90°2

M

iz g

[mn B T B

A

-~

wdd

o

-S21-

.630
627
.626
.625
.622
.620
.618
.748
.7a5
.742
.733
.730
727
217
714
711
.537
.535
.532
.527
.525
.520
.518
.514
.510
.436
.434
.420
.418
.264
.262
.260
.257
.255
.252
.250
247
.244
.241
.240
.237

4.094

\—4.065




2g

022

tov by

00z

08T

3

09T

[
r

0zt

| T AT

00T

(3]
L1

k4

02

wdd

[ I BRI S

-S22-

- —167.586
\—167.568
———.163.211
—161.226
~—-157.824

—149.040

—137.079

137.049

(;/klsﬁ .1738

y 183.721
HlSS.GGZ
N 131.693

—131.630

—122.7189

—122.038

~—117.840
—\—117.770
\—116.848

\_116.559

\_76.753

—65.491

27.895
— {—27.836
27.814

—22.198

—13.824



Py

CO,CsHy4

29

Zg\

—-113.321
/—-113.338

—

=-113.349
=-113.367

.
-40

Tt
-60

T
-80

EEaman e
=100

T
=120

TV T

-140

T
-160

T
-180

T
=200

e
-220 ppm

-S23-



F C02C5H11
2h

2h

R L8°0 S6°0

5671
o

- WTW%_ _

0
i
v

w |
™ -
s 4
ey
‘:‘,..,{ A
of
&
w
w 1 J
a
= |
=
=
3

-S24-

4.021

~-3.994

:\Ia.nna




Py

CO2CsH14
2h

2h

et 002 022

09T

o b b b e e b e

iwT

0271

00T

0

09

134

02

wdd

ﬁ

-S25-

77.
.008
76.

—65.

—27.
_27.

—22.

—13.

.220
.202
.652
.541
.297
.275
.620
.509
.362
.251
.143
-263
.155
.027
.659
.556
.568
.539
.484
.451
.425
.3891
.696
-674
.81
.70
.630

260

753

899
865

209



CO2CsH14
2h

0v-

09-

08-

00T~

nzt-

~—-131.821
/_-131.830

-131.839

-131.850

- "N ~—-131.866
i\ ~-131.877

orT-

09T~

08T~

602-

S S T S T S S D S B S O T IS T B U T BTSN SV N EA S S U S S S U A S ST E IS SRR AR TR

wdd 022~

\\—-131.886
\_-131.895

N\ =140.563
\Q::-140‘57a
~140.508

—-140.624

-S26-



wdd

-S27-

.116

.102
.089
.0819
.086




022

09T 08T 002
P T A SO A A AT E A O TR S E S A A SR A A I

0vT

02T

00T

[

0g

NI S|

02

-S28-

167.671

157.376

—149.269

144.079

—136.387
/132566
7/ 130.367

/—127.576

/—127.548

- 122.789
\_122.649

77.263

N76.753

—65.677

27.902

27 838

-22.205

—13.828



Py

CO2C5H;4

2i

F3C

2i

-63.151

T
-100

T
-120

T T
=140

T
-160

AR e e
=130

-2

T
oo

=220 ppm

-S29-



F3G

Py

CO,CoHs5

£0°T €670
96°0 S0°T 00°°T

Vo't

0z'e

e e e

A

udd

-S30-

4.046
.032
.017
.003

1.011

—/ vz
N

0,983



F3G

Py

CO,CoHs5

[1h4 09 e 00T 821 ovt 09T 08T ooz 022
Lo bv v bv v b b b b s b Lo s s b L i

02

wdd

v b b e b e e b b e la i v b v e b s g

-S31-

166,487

156 .155

»343
.527
.344
.351
L1112
.068
.335
.496
.478
.512

.260
/—77.004
N 76.758

——13.708



F3G

Py

CO.C2H5
2j

0~
Ll

09-
1

08-
lia

007-

02T~

o T-

08T~ 08T~
T B |

002-

wdd 02z2-

-S32-

—=57.249



Py

MeO,C o1 CO2CsH

(78]
9670
e

2870

T6'066°0

L6°0 TB°O

I et
L

4.114

4 L _/—4.101

4.087

o
st f N5 eee

2072

n

W

wdd

-S33-



MeOQC

Py

o1 CO=CshHig

2k

09T 08T 002 02z

Lo b bvnaa ey vy

08 0e 60T 02T T
A I O (I APl AR WA I T I A A

1}

02

wdd

Pl e by

Lovv vt wa ooy

-8 34-

168.
166.

76

— 65,

—52.

27.
ol

—22.

—13.

77.
.008
.753

149
024

.706

264



go°z

0Z°291°2
b

0z'e S€'2

A

R
NN
\

M
L
5

\
\ 7.382

7.378
\—7.876
\\7.369

\ 7265

-S35-



21

CO.CsH14

2l

02T ovT 09T 08T 002 022
FENENEN TN BRI SRR

oot

08

Clo e e i

1374 039

0e

doaiiadaay ol

wdd

Ll

]
]

-S36-

149.262

T.-—125.829
125.6071
122.088

77.321
77.001
76.688

65.180

-.28.045

28.008
22.288

13.812



2m

66°098°0 980

wdd

-S37-

8.635
8.633
8.632
8.630
8.626
8.624
8.622
7.859
7.857
7.855
7.844

T /ﬂL\

7.842

- \E

\\\tz g
m\\\ e
N7 2
\ \\\\\ e

N\ \7.254

\ .
\_7.252
7.248

7.246

7.238

o

4.226
4.221

/ .
4.213
- 4.208
_4.199

—4.185




2m

022

00¢

08T

097

0T

02T

00T

0e

09

114

02

0

wdd

I B I A

I T T S S S AT AR AP SRV A AT ST B S SN AR A AR AT A A A S R

-S38-

163.633

151.783

—149.821
—149.106

—135.920

130.212
/7129 .053
~—125.851
~—124.370
\122.860

—77.264
=l 77.008
\_76.753

—64.977

—28.187
(_28.087

—22.264

—138.802



82°T69°1

ov-€e o 2
g

20°T 68°0

et

92

"2

——

e

wdd

T

.820
804

7
7.
—7.689
7.684
—_— 7.576
7
7

.561
.546
7.543
—e——————0\ 7,475

\\\\—7.459
\E7.4su
7.435

L.7.419

6.434

CB.ASI

-858
.852

-S39-



2n

J

117 09 08 00T 0271 ove 09T 08T 002 022
NN R I I S AT A A

02

1]

wdd

Ll cootrv v b e bt b e s brgga v b

L)

-840 -

166.931

~—140.836
189.283

—131.793

\__125.348

-—106.938

—77.260
—_— 7 77.004

N_76.753

—65.566

—27.943
~27.869

22.188

—13.843



20

E6°®6°0 S8°0
4L°86°0L8°0 PE O

e ot

66°T

06°2

€1'2

o

it

wdd

-S4l -




20

022

I

v 09 0e 00T et 0y T 08T 08T 002
- A I

I ENENEETES IR RN BT

02

wdd

Lol

el ey

Lo bor nadlaiaa

-S42-

-———168.771

158.905

~_76.753

65.243
~27.899

"~ 27.762

—_— 22,061
—~————13.689



2p

66°0 6

58°0

0tz ot1°2

98°0

M

-~

o

wdd

-843-

4.166

4.138




2p

1374 09 08 00T 0zt orT 09T 08T 002 022

02

wdd

T O S T S T S S O S S S G O S O G S I S AT T AT A S0 U SO A S AT T RS A A Y ST AP BRI SN BN RFAT TSN S UTRTANE AU

- _— 169

28

-S44 -

= _— . 165.

—_ ——156.

—17-

76,

65.

—2s.

~22.

.781
776

.955

.166
.274
916
.545

260
-008
753

314

062
021
283
-195



88°00°'T
96°0 €670 9871

ET°€

:1 7 82°2
812 €172
o,

PR

-~

e

wdd

.613
.598
.582
.443
.428
342
.341
—7.326
.325
.264
.261
.254
.238
.094
.078

4.069

/—4.067

“EG.DSG
W\ 4.054
A 4.043

4.040

—2.5686
—2.420

-845-



2q

08T 0oz 022
T IR It

097

(3 A1

124 09 0e 00T
NI A

sl

0z

wdd

N

| IR SR

-S46 -

169.426

. 121.254
—————_119.547

77.264

/77,008

76.756

65.103

28.025

—— 37.936
24.545
————_22.294
—21.028

13.883



2s

2s

Z/ N\

CO,Et

E6°0

£0°2 10°7
ol rhe

0E°T 20°Z 2870

9g°g
-

wdd

-S47-

4.159
(—4.145

ﬁmwo
4.116

0.002



2s

09 08 00T 02T T 09T 087 002 0ze
P SO T S R B R R O N I AN IS S A T AT VAN BRI AR B AT WA AN ST ETES A AT AT ENEN ST EN RN AN SO SR RSN AU ST RTATrIE BT

(1174

02

wdd

-S48 -

168.730

—————158.887

148.969

—140.881
136.146

_ /1s1.756
Jl:ﬂ.osz
129.771

_\C1294755

" 128.268

—_.—122.852
" 121.975

60.9%20

———13.787



2t

90°T 82°T 28°0

9s°188°0

080

)

wdd

-

-849-

~—1.091
—-1.079

0.002



2t

0 00T 0zt (1A} 09T 08T 002 02e
L N N A B AU S B B PRI ST

9

0
T By A B R A AT I ST AT BT

[1)4

0z

0

wdd

P L. ' ' i

-S50-

————  168.234
159.013

——149.017

~140.892

T T—136.102
/i
—444~—4444~Q::129‘7ss
—A-129.694

128.205

——122.904
121,923

77.260
—
({—77.008
\_76.753

68.475

-—21.478



