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Page S03-S10 the experimental section.

Page S11-S50: the 'H NMR and **C NMR spectra for compounds 2a-t.

The *H NMR and *C NMR spectra were recorded on a JOEL JNM-ECA 300

spectrometer.
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Experimental Section

General Conditions: All melting points were determined on a Yanaco melting
point apparatus and are uncorrected. *H NMR and **C NMR spectra were recorded on a
JEOL JNM-ECA 300 spectrometer in CDCI; or CD3OD. TMS was used as internal

reference and the J values are given in Hz. PE is petroleum ether (60-90°).

o
MeO

2a

A Typical Procedure for Preparation of 4-Methoxyphenol (2a) by A Copper-
Catalyzed Hydroxylation of 4-Methoxyphenylboronic Acid (1a): A mixture of
CuSQ, (16 mg, 0.1 mmol), 1,10-phenanthroline (36 mg, 0.2 mmol), 4-methoxypheny-
boronic acid (1a, 152 mg. 1 mmol), KOH (168 mg, 3.0 mmol) in H,O (5 mL) was
stirred for 2 h at room temperature in open to air (without bubbling air). After 1a was
exhausted completely (monitored by TLC), the reaction was cooled to 0 °C and
quenched carefully by aqueous solution of HCI (2 M, 15 mL). The resultant mixture
was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with
brine (20 mL) and dried over Na,SO,. After removal of the solvent in vacuun, the
residue was purified by chromatography (silica gel, EtOAc:PE = 1:5) to give desired
product 2a (117 mg, 94%) as a colorless solid, mp 57-58 °C (EtOAc-PE) (lit.° 58 °C).
'H NMR (CDCly): 66.78 (d, J = 1.7, 4H), 4.78 (s, 1H), 3.76 (s, 3H); *C NMR
(CDCls): §153.4,149.4, 116.1 (2C), 114.9 (2C), 55.9.

By the similar procedure, products 2b-t were prepared (see Scheme 2 in the text).
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MeO\©/OH

2b

3-Methoxyphenol (2b).* It was a colorless oil, *H NMR (CDCl3): §7.10 (t, J =
7.9, 1H), 6.50-6.41 (m, 3H), 6.32 (s, 1H), 3.73 (s, 3H); C NMR (CDCls): 5160.6,

156.6, 130.2, 108.0, 106.4, 101.5, 55.2.

CC
OMe

2c

2-Methoxyphenol (2c). It was a white solid, mp 28-29 °C (EtOAc-PE) (lit.>27-28
°C). 'H NMR (CDCls): §6.94-6.91 (m, 1H), 6.86-6.82 (m, 3H), 5.75 (s, 1H), 3.83 (s,

3H); *C NMR (CDCls): §146.5, 145.5, 121.3, 120.1, 114.5, 110.7, 55.7.

©/OH
2d

Phenol (2d). it was a colorless solid, mp 41-42 °C (EtOAc-PE) (lit.* 41-42 °C). *H
NMR (CDCls): §7.28-7.22 (m, 2H), 6.96-6.91 (m, 1H), 6.85-6.82 (M, 2H), 5.03 (s, 1H):

13C NMR (CDCls): §155.0, 129.7 (2C), 121.0, 115.3 (2C).

o
Ph

2e
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4-Phenylphenol (2e). It was a yellowish solid, mp 165-167 °C (EtOAc-PE) (lit.®
165 °C). 'H NMR (CD;0D): §7.48 (d, J = 5.4, 2H), 7.40 (dd, J = 8.6, 2.1, 2H), 7.32
(dt, J = 6.3, 1.6, 2H), 7.22-7.18 (m, 1H), 6.83 (dd, J = 6.5, 2.1, 2H); °C NMR

(CD;0D): 5158.1, 142.4, 133.8, 129.7 (2C), 129.0 (2C), 127.4 (3C), 116.6 (2C).

OH
EjiMe
2f
2-MethylPhenol (2f). It was a white solid, mp 31-32 °C (EtOAc-PE) (lit.? 30-32
°C). 'H NMR (CDCls): §7.13-7.05 (m, 2H), 6.84 (t, J = 7.4, 1H), 6.76 (d, J = 7.9, 1H),

4.89 (s, 1H), 2.25 (s, 3H); *C NMR (CDCls): §153.7, 131.0, 127.1, 123.7, 120.7,

114.9, 15.7.

Me
@O“
Me
29

2,6-Dimethylphenol (1g). It was a white solid, mp 42-43 °C (EtOAc-PE) (lit.* 44-
45 °C). 'H NMR (CDsOD): § 6.97 (d, J = 7.2, 2H), 6.75 (t, J = 7.6, 1H), 4.62 (s, 1H),

2.23 (s, 6H); 3C NMR (CDsOD): §152.1, 128.6 (2C), 122.9, 120.2 (2C), 15.8 (2C).

HO\©/OH

2h
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Benzene-1,3-diol (2h). It was a white solid, mp 111-112 °C (EtOAc-PE) (lit.” 107-
109 °C). 'H NMR (CDs;OD): §6.96-6.90 (m, 1H), 6.27-6.24 (m, 3H); *C NMR

(CD;0D): §159.4 (2C), 130.9, 107.7 (2C), 103.4.

H,N. i LOH

2i
3-Aminophenol (2i). It was a grey white solid, mp 117-118 °C (EtOAc-PE) (lit.
119-120 °C); *H NMR (CDsOD): §6.91-6.85 (m, 1H), 6.23-6.14 (m, 3H); *C NMR

(CDs0OD): 6159.1, 149.8, 130.8, 108.6, 106.6, 103.7.

OH

2]
1-Naphthalenol (2j). It was a yellowish solid, mp 91-93 °C (EtOAc-PE) (lit.* 92-
94 °C). 'H NMR (CDCl5): & 8.18-8.13 (m, 1H), 7.82-7.77 (m, 1H), 7.50-7.41 (m, 3H),
7.30 (t, J = 7.5, 1H), 6.81 (d, J = 7.2, 1H), 5.27 (s, 1H); **C NMR (CDCls): §151.2,

134.7,127.7,126.4, 125.8, 125.3, 124.3, 121.5, 120.7, 108.7.

o

2k
2-Naphthalenol (2k). It was a white solid, mp 122-124 °C (EtOAc-PE) (lit.?

122°C). *H NMR (CDCls): & 7.76-7.71 (m, 2H), 7.65 (d, J = 8.3, 1H), 7.41 (d, J = 7.2,
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1H), 7.33-7.29 (m, 1H), 7.11-7.05 (m, 2H), 5.32 (s, 1H); *C NMR (CDCls): §153.2,

134.5,129.8, 128.9, 127.7, 126.5, 126.3, 123.6, 117.7, 109.5.

o
Cl

2l

4-Chlorophenol (21). It was a white solid, mp 44-45 °C (EtOAc-PE) (lit.*? 43 °C).
'H NMR (CDCls): § 7.23 (d, J = 8.6, 2H), 6.77 (d, J = 8.6, 2H), 4.86 (s, 1H); *C

NMR (CDCls): 5153.6, 129.5 (2C), 125.8, 116.6 (2C).

ol
Cl Cl
2m

2,4-Dichlorophenol (2m). It was a white solid, mp 43-44 °C (EtOAc-PE) (lit."3
41-44 °C). 'H NMR (CDCly): & 7.31 (d, J = 2.4, 1H), 7.14 (dd, J = 8.8, 2.7, 1H), 6.95
(d, J = 9.0, 1H), 5.56 (5, 1H): ©°C NMR (CDCls): 5150.1, 128.5, 128.4, 125.5, 120.4,

117.1.

Fu i OH
2n
3-Fluorophenol (2n).° It was a colorless oil. *H NMR (CDCls): §7.19-7.12 (m,
1H), 6.66-6.59 (m, 2H), 6.57-6.55 (m, 1H), 6.37 (br, 1H); *C NMR (CDCls): 5163.6

(d, J = 243.8), 156.7 (d, J = 11.5), 130.5 (d, J = 10.1), 111.2 (d, J = 2.9), 107.7 (d, J =

21.5),103.2 (d, J = 24.4).
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o
F

20

4-Fluorophenol (20). It was a white solid, mp 46-47 °C (EtOAc-PE) (lit.** 46 °C).
H NMR (CDCly): §6.95-6.88 (m, 2H), 6.80-6.75 (m, 2H), 5.91 (br, 1H): *C NMR

(CDCls): & 157.2 (d, J = 235.9), 151.4, 116.2 (d, J = 10.0, 2C), 116.0 (d, J = 22.9, 2C).

o
HO,C

2p

4-Hydroxybenzoic acid (2p). It was a white solid, mp 215-217 °C (MeOH-
CH,Cl,) (lit.**>213-214 °C). *H NMR (CDCl5): § 7.78-7.73 (m, 2H), 6.72-6.67 (m, 2H);

13C NMR (CDCls): §170.1, 163.3, 133.0 (2C), 122.6, 116.0 (2C).

/O/OH
OHC

2q

4-Hydroxybenzaldehyde (2q). It was a yellowish solid, mp 114-116 °C (EtOAc-
PE) (lit.* 113-117 °C). '"H NMR (CDs0D): § 9.69 (s, 1H), 7.70 (d, J = 8.6, 2H), 6.85

(d, J = 8.4, 2H); *C NMR (CD;0D): §192.8, 165.1, 133.4 (2C), 130.3, 116.8 (2C).
Cr
CN
2r
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2-Hydroxybenzonitrile (2r). It was a grey white solid, mp 96-98 °C (EtOAc-PE)
(1it.2 99-100 °C). 'H NMR (CD;OD): §7.49-7.40 (m, 2H), 6.95-6.88 (m, 2H); *C

NMR (CD3;OD): 6161.5, 135.6, 134.3, 120.8, 117.8, 117.0, 100.6.

o
O,N

2s

4-Nitrophenol (2s). It was a yellowish solid, mp 113-114 °C (EtOAc-PE) (lit.**
110 °C). H NMR (CD:;OD): § 7.99-7.95 (m, 2H), 6.76-6.72 (m, 2H): *C NMR

(CD;0D): 5165.1, 141.7, 127.0 (2C), 116.4 (2C).

OzN\©/OH

2t

3-Nitrophenol (2t). It was a yellowish solid, mp 98-99 °C (EtOAc-PE) (lit.*° 95
°C). 'H NMR (CDCly): 67.82-7.79 (m, 1H), 7.73 (t, J = 2.4, 1H), 7.41 (t, J = 8.2, 1H),
7.23-7.20 (m, 1H), 6.15 (br, 1H); *C NMR (CDCls): §156.3, 149.0, 130.3, 122.1,

115.8, 110.5.

References:
1. H. E. Zaugg, A. D. Schaefer, J. Am. Chem. Soc. 1965, 87, 1857-1866.
2. 1. Fleming, J. Igbal, Synthesis 1982, 937-939.

3. B. Loubinoux, G. Coudert, G. Guillaumet, Synthesis 1980, 638-640.

S9



4. K. W. Anderson, T. Ikawa, R. E. Tundel, S. L. Buchwald, J. Am. Chem. Soc. 2006,
128, 10694-10695.

5. R. J. Rahaim, Jr., R. E. Maleczka, Jr., Org. Lett. 2005, 7, 5087-5090.

6. L. Syper, Synthesis 1989, 167-172.

7. A. Arcadi, G. Cerichelli, M. Chiarini, R. Vico, D. Zorzan, Eur. J. Org. Chem. 2004,

3404-3407.

8. 1. B.Johns, H. R. Dipietro, J. Org. Chem. 1962, 27, 592-594.

9. E. Kianmehr, M. Yahyaee, K. Tabatabai, Tetrahedron Lett. 2007, 48, 2713-2715.

10. F. M. Beringer, A. Brierley, M. Drexler, E. M. Gindler, C. C. Lumpkin, J. Am.
Chem. Soc. 1953, 75, 2708-2712.

11. E. D. Bergmann, S. Berkovic, R. Ikan, J. Am. Chem. Soc. 1956, 78, 6037-6039.

12. B. Serafin, M. Makosza, Tetrahedron 1963, 19, 821-826.

13. D. Bogdal, M. Lukasiewicz, J. Pielichowski, Green Chem. 2004, 6, 110-113.

14. A. G. Sergeev, T. Schulz, C. Torborg, A. Spannenberg, H. Neumann, M. Beller,
Angew. Chem. Int. Ed. 2009, 48, 7595-7599.

15. Y. Sasson, M. Razintsky, Chem. Comm. 1985, 16, 1134-1135.

S10



OH

MeO

2a

6101670

iy

1.0

20

30

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

000070~

SHOL'E

98LLY

I8LL9
8¢8L°9

99sT°L

X : parts per Million : 1H

S11



OH

MeO
2a

b e, St } . A e e T i g T i e e e L "wnﬁwmnwmwr'wiwmmhwwwhm«w&wwwwwm

WY Lo u e

2200 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

153.3799
149.4409
116.1030
114.9270
77.4207
77.0000
76.5698
55.8519

S12



OH

MeO

2b

L]

BL8LOO
0650E

18800°T

10

20

30

4.0

5.0

6.0

7.0

8.0

10.0

110

12.0

0000°0—

95TIL'E

691€°9
9ILIT'9
wire
worr9
LE9T'Y
L9
£P6'9
11059
PELO'L
L660°L

X : parts per Million : 1H

S13



OH

MeO

2b

bt o i et

L e

160.0

140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

150.0

190.0 180.0 170.0

200.0

2200  210.0

60TT°SE

£6LE"OL
0000°LL
LOTY'LL

9TESTOT

066€°90T
9566°L0T

£ILI0ET

9£95°95T
98857091

X : parts per Million : 13C

S14



OH

OMe

2c

800670

PZIT0E
61071

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

0000°0

£978°€

arLs

96789
reR9
0S89

X : parts per Million : 1H

S15



OH

OMe
2c

A A A B b A A A DAt R A e e b A e o Bl s A NS A Aot A TNt o A g

2200 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0

146.4963
145.5498
121.3327
120.0515
114.4777
110.6630
77.4207
77.0000
76.5793
55.7180

X : parts per Million : 13C

S16

50.0



T65L8'0

hmg.m

£0500'T

OH

2d

10.0 9.0 8.0 " T.l{ I 6.0 5.0 4.0 3.0 2.0 1.0

1.0

12.0

0000°0

6970°s

£618'9
SPP8'9
6LF8'9
E£SITL
SOPTL
orrTL

X : parts per Million : 1H

S17



OH

2d

2200 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

154.9765
129.7078
120.9694
115.3477
77.4207
77.0000
76.5698

X : parts per Million : 13C

S18



ISIE0°T

I
PLT60'T

9635l

OH
2e

Ph

Lo

2.0

30

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

6LLTE
ST8TE
[L8T'E

00L8F

8S18'9
SLES'D

ILIEL
008€°L
698¢°L
980F°L
0L9%Y'L

X : parts per Million : 1H

S19



OH
2e

Ph

i,

P TR B |

AR

e

AR

ety

Ly

30.0

40.0

60.0

110.0

120.0

160.0

190.0

2200 2100

10.0

20.0

90.0 80.0 70.0

100.0

130.0

140.0

150.0

170.0

180.0

200.0

LTTL'8Y
0000°67
898T°6F

TFRE9IT

T8LELTT
SE00'6Z1
8TLY6TT

17e8'eel

£69¢'TPT

LETT'SST

X : parts per Million : 13C

S20



OH

Me

2f

89€6°0

S6010°L
LOZIO'L

LSTT0T

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

000070

89T

LO68Y

9rL9
PTLLY
1189
69L0°L
0T01°L
ware

X : parts per Million : 1H

S21



OH

Me
2f
!
g o T o b 5 LA g Wt o A8 et o A o A o A it 3 A b bt 'mwmmmwwqumwwwwwﬁ%mmwmw
2200 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20,0 10.0 0
L) oT -
g 2 ERE 3 3E0 2
Z Za88 2 RES z

X : parts per Million : 13C

S22



Me

OH

Me

29

SEFT6°0

£0800°L
£5600°C

L0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

00000~

IE€TT

mior

0ZTL'y
Ly
¥TLL'Y
7€56'9
€LL6'9
90T°L

X : parts per Million : 1H

S23



Me

OH
Me
29
|
e iy Yy g it e et it ” pon 2 T et o ~ e ety e e e
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

2 2 =29 33 3
2 2 8% 925 2
& ¥ 98 EES %

X : parts per Million : 13C

S24



OH

HO

2h

69700

01

1.0

2.0

3.0

4.0

5.0

6.0

8.0

9.0

10.0

11.0

12.0

6LLT'E
9€8T°E
T88T°€

0MLETY

8LET9
0rT9
I8YT'9
S65T9
Y9979
6LT6™9
£956°9
00969

1H

X : parts per Million

S25



HO OH

2h

2200 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

159.4159
130.8774
107.7120
103.4479

X : parts per Million : 13C

S26



OH

H>N

2i

86000°€

1.0

2.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

8T6T'E
€867
woe'e

00L8°F

16919
88619
T8TT9

FrE8™9
06889
61169

X : parts per Million : 1H

S27



OH

H,oN

2i

»,

g W

.

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 20.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

200.0

2200 2100

TEIL'8P
0000°6F
ELLT'6F

TSTLE0T

TrLS901
£E5S801

SO18°0€T

TOSL'6¥T

€180°65T

X : parts per Million : 13C

S28



OH

LTF86°0

80LT0°T
9690°¢

96910°L

£9500'T

2]

(PRI |

Lo

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

1.0

12.0

00000

rR9TS

L86LY
87789
€9FTL
SE0E"L
L8TEL
8L
695F°L
LILFL
608F"L
SS8F°L
£T6v'L
IrorL
SE0S°L
LLTR'L

X : parts per Million : 1H

S29



OH

2]

PHIVVA,

el

e e L

ekt

Wittt

[roTre——

il

R

30,0

60.0

100.0

160.0 140.0

190.0 180.0

200.0

2200 210.0

10.0

20.0

40.0

50,0

80.0 70.0

90.0

130.0 120.0 110.0

150.0

170.0

£6LS"9L
0000°LL
TEY'LL

£559°801

1269°0T1
OLEP'TTI
698T'FT1
1T9T°sT1
1LO8'STT
68TF"9T1
£TEY°LTT

P869°FEL

WIT'IST

X : parts per Million : 13C

S30



OH

2k

P69¥6°0

S62T0°T

vvus.“

of Bt

10

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

000070

88IEC

£S0T°L
IPIT'L
£0IE°L
wiL
T€E9°L
TEILL
LOvLL
9€9L°L

:1H

1o0n

parts per Milli

X

S31



OH

2k

o g 8 P oot e b A b gl b

g

Voo

Vs

Y

adud

ety

Al i

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 §0.0 70.0 60.0 50,0 40.0 30.0 20,0 10.0

200.0

220.0 210.0

£6LE'OL
0000°LL
LOTY'LL

9961"601

SO8Y°LIT
1809°€T1
PIre9zl
0505921
L8TL'LTT
9588'8TI
TZe8'6z1

wosrel

L88T°EST

X : parts per Million : 13C

S32



9LLT6'0

12820°T

OH

2l

Cl

L0

20

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

0000°0

1098°F

LOSLY
£6LLY

9LLTL
90T°L
LLSTL

X : parts per Million : 1H

S33



OH

Cl
2l

WWMan-#MM-WAWWWwW.W,WWWMJ" - 0

220.0 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 1200 110.0

153.6285
129,5453
125.8453
116.6480

X : parts per Million : 13C

S34

77.0000

77.4207
76.5698



L69L60

£2000°T
LTO0'T

OH
Cl
2m

Cl

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

00000

6955°S

F0£6'9
10969
8€TI'L
6IET'L
STIEL
S6IEL

X : parts per Million : 1H

S35



OH

Cl Cl
2m

| "
o v il L iy e e A b M i A e D0 S S bl P T M o e AN O A AR Y o o sl N o o Anctndypiy

| A . -
iy b A

220.0  210.0 200.0 190.0 130,0 170.0 160.0 150.0 140.0 130.1] 120.0 110.0 100.0 90.0 80,0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

o] -+ =a) L d g g
& ;52 B2 858
— T M S 1!'-:3
g %8 =5 RRE
— — — —

X : parts per Million : 13C

S36



OH

2n

9£858°'0

S0

01

1.0

2.0

4.0

5.0

6.0

7.0

8.0

2.0

10.0

11.0

12.0

0000°0—

F8E59
9959
96659

65799
6££9°9
P99
8EII'L
ITrre
0891°L

X : parts per Million : 1H

S37



OH

2n

o S e A o o e A A S s WMMWWM‘!J By bttt el g

M oo, N S o s 55 o o et b e 0 1 e A 8 et

i

60.0

80.0

90.0

40.0 30.0 20.0 10.0

50.0

70.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 1 fl}.ﬂ 100.0

210.0

220.0

£6LS™9L
0000°LL
T0EP'LL

0rz0e0t
T6pe€01
L9EE"LOT
SETY'LOT
0ST'ITT
S88TTIT

8PIrOET
L8EE"0ET

0129951
OFPLL9ST

LI9E6TIT
ELBT°S91

X : parts per Million : 13C

S38



OH

20

SOET60

6LPSOT

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

120

00000

P606'S

T0LL9
SELLY
OLLLY
F88L"9
616L9
00889
SLO69

1H

X : parts per Million :

S39



OH

Y A TN o g i, PRI TS i A T g e et

F
20
Lot v A b e
2200 2100 200.0 190.0 180.0 170.0 160.0
(=]
g
&

X ¢ parts per Million : 13C

150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0

77.4207
77.0000
76.5793

155.6458
151.3626
116.1699
116.1030
115.7971

S40



+6000°C

OH

2p

HO,C

1.0

2.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

TLLI'E
6I81°E
988I't

00L8P

Ghm“w
650L'9

roEL’L
£TIL°L
W69L°L

1H

X : parts per Million

S41



OH

HO,C

|
!
N e ANttt A T A o "MWr*'MJVMW g v e W P * o e e " ity

2200 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
- - a -
-3 ~
g g § & g 2R
= v ] ] < S
p— p— p— — p—

X : parts per Million : 13C

S42



SOTI0T

62960

OH

2q

OHC

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

6S¥TE
POST'E
0SST'E

00L8°F

81€89
£6589

9S89°L
wiL'L

98896

X : parts per Million : 1H

S43



OH

OHC
2q

P A et B o “ y - A . i bt . A it -
2200 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20,0 10.0
: 5 YIE: T
% = A X 1Sy
g g g g 3 3%
— — Lo I | —

X : parts per Million : 13C
S44



OH

CN

2r

ILP00'T

Lo

2.0

30

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

610E°E
PeOE'E
LLOL'E

00LS'F

910679
9L1679
89769
9r6'9
BEEP'L
19€F°L
LyYt'L
£E6r'L

1H

parts per Million

X

S45



OH

CN
2r
|'|".‘
AN e s Y e by gt bl 9 iy A e AN A A S A ot L AP o T P Mttt el it il e A ot o
2200 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0

161.5384
135.6004
134.2810
120.7718
117.8080
116.9667
100.5701
49.2868
49.0000
48.7132

X : parts per Million : 13C

S46



L0

2.0

30

6061’
= o €Sol'E
THT'e

OH

O,N

2s

68700°C

4.0

5.0

6.0

7.0

8.1)

9.0

10.0

11.0

12.0

00L8'Y

ey
SREL9
0T9L9

8SS6°L
T6S6'L
[066'L

X 1 parts per Million : 1H

S47



OH

O,N
2s
| |:.,.]
r w p oot A ot o e oy A Wit ot ; e S : PRV L W et e - 'y
2200 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20,0 10.0 0
-+ ] [r] [x]
wy w — ~
£ g g 2 % % N
g 5 S & g%
- — — -

X : parts per Million : 13C

S48



OH

O,N

2t

STSE60

95580°T

§EV00

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

00000

86F1°9

LEETL
6S8E°L
PEIrL
80Ft'L
10TLL
I8TL'L
19eL°L
SF6LL

X : parts per Million : 1H

S49



O,N OH

2t
I .

AN ALY A 0 S P N 00 N A NS 0 4 0 S8 N i PSR 8 i At ] NP8 0 A NN S P i b 0 'MMWWNMWWMMMMmWWWNm
220.0 210 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

[ =] =] ~ ] g jad]

5 g 2 8 %% D

& % s 4 w o= EEe

= = = = = =

X : parts per Million : 13C

S50



