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1. General Information.

'H NMR and "*C NMR spectra were recorded on a JEOL JMN-270 spectrometer in CDCl; with
tetramethylsilane as an internal standard. Data are reported as follows: chemical shift in ppm (d),
multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, and multiplet), coupling constant (Hz), and
integration. Infrared spectra (IR) were obtained on a Horiba FT-700 spectrometer; absorptions are reported
in reciprocal centimeters with the following relative intensities: s (strong), m (medium), or w (weak). Mass
spectra were obtained on a Shimadzu GCMS-QP 5000 instrument with ionization voltages of 70 eV.
Elemental analyses were performed by the Elemental Analysis Section of Osaka University. High resolution
mass spectra (HRMS) were obtained on a JEOL JMS-DX303. Analytical gas chromatography (GC) was
carried out on a Shimadzu GC-14A gas chromatography, equipped with a flame ionization detector.

Column chromatography was performed with SiO, (Merck SilicaGel 60 (230-400 mesh)).

Materials. Toluene and dioxane were purchased from Wako Chemicals and used as received. Ni(cod);
(CAS 1295-35-8) was purchased from Strem Chemicals and used as received. Tricyclohexylphosphine
(CAS 2622-14-2) and CsF (CAS 13400-13-0) were purchased from Aldrich and used as received.
2-Phenyl-5, 5-dimethyl-1, 3, 2-dioxaborinane (CAS 5123-13-7), 2-(4-trifluoromethylphenyl)-5,
5-dimethyl-1, 3, 2-dioxaborinane (CAS 501374-30-7), 2-(4-methoxycarbonylphenyl)-5, 5-dimethyl-1, 3,
2-dioxaborinane (CAS 905966-40-7), 2-(4-acetylphenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (CAS
460088-33-9), 2-(4-trimethylsililphenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (CAS 574755-28-5),
2-(4-dimethylaminophenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (CAS 95752-87-7), 2-(2-methylphenyl)-5,
5-dimethyl-1, 3, 2-dioxaborinane (CAS 91994-11-5), 2-(4-methoxyphenyl)-5, 5-dimethyl-1, 3,
2-dioxaborinane (CAS 213596-33-9) and 2-(2-fluorophenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (CAS
346656-39-1) were prepared from phenylboronic acid, 4-trifluoromethylphenylboronic acid (CAS
128796-39-4), 4-methoxycarbonylphenyl boronic acid (CAS 99768-12-4), 4-acetylphenylboronic acid
(CAS 149104-90-5), 4-trimethylsililphenylboronic acid (CAS 17865-11-1),
4-dimethylaminophenylboronic acid (CAS 28611-39-4), 2-methylphenylboronic acid (CAS 16419-60-6),
4-methoxyphenylboronic acid (CAS 5720-07-0) and 2-fluorophenylboronic acid (CAS 1993-03-9) with 2,
2’-Dimethyl-1,  3-propanediol  (CAS  126-30-7)." 9-Methoxyphenanthrene  (5085-74-5),
trans-4-methoxystylbene (CAS 1694-19-5) and 2-acetyl-6-methoxynaphthalene (CAS 3900-45-6) were
prepared from 9-hydroxyphenanthrene (CAS 484-17-3), 4-hydroxystylbene (CAS 3839-46-1) and
2-acetyl-6-hydroxynaphthalene ~ (CAS 10441-41-5)  with  iodomethane  (CAS  74-88-4).
2-Methoxy-6-methoxycarbonylnapthalene (CAS 5043-02-7) was prepared from 2-methoxy-6-naphthoic
acid (CAS 2471-70-7) and methanol by the esterification with H,S0,.° 2-(4-fluorophenyl)-5,
5-dimethyl-1, 3, 2-dioxaborinane (CAS 225916-39-2) were purchased from Ardrich and used as received.
1-Methoxynaphthalene  (CAS  2216-69-5), 2-acetyl-6-methoxynaphthalene (CAS  320-77461),
4’-Methoxyacetophenone  (CAS 100-06-1),  2-methoxynaphthalene = (CAS  93-04-9)  and
2-bromo-6-methoxynaphthalene (CAS 5111-65-9) were purchased from Wako Chemicals and TCI and

used as received.
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2. Typical procedure
Nickel-catalyzed reaction of 2-methoxynaphthalene with organoboronates:
preparation of 2-phenylnaphthalene.

Ni(cod),
PCy3
OMe /O CsF O
- O X
o toluene OO

All reactions were carried out in 10-mL sample vials with a teflon-sealed screwcap in a glovebox

under nitrogen atmosphere. To the orange mixture of Ni(cod), (13.8 mg, 0.05 mmol), PCy; (56.0 mg, 0.2
mmol) and CsF (341.8 mg, 2.25 mmol) in toluene (1.5 mL) was added 2-methoxynaphthalene (79.1 mg,
0.5 mmol) and 2-Phenyl-5, 5-dimethyl-1, 3, 2-dioxaborinane (142.5 mg, 0.75 mmol) at room temperature,
followed by heating at 120 °C for 12 h. After cooling to room temperature, the crude mixture was
purified by flash column chromatography on silica gel (hexane) to give the desired 2-phenylnaphthalene
(94.7 mg, 93 %) as a white powder.

Competitive experiment

‘ NMeZ
Ni(cod
OMe

CsF
dloxane CF3
O T )

To the orange mixture of Ni(cod), (13.8 mg, 0.05 mmol), PCy; (56.0 mg, 0.2 mmol) and CsF (380.0
mg, 2.5 mmol) in dioxane (5 mL) was added 2-methoxynaphthalene (79.1 mg, 0.5 mmol) and
2-(4-dimethylaminophenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (582.8 mg, 2.5 mmol) and
2-(4-trifluoromethylphenyl)-5, 5-dimethyl-1, 3, 2-dioxaborinane (645.1 mg, 2.5 mmol) at room
temperature, followed by heating at 100 °C for 24 h. After cooling to room temperature, the crude
mixture was purified by flash column chromatography on silica gel (hexane to hexane / CH,Cl, =1/1) to
give the desired 2-(4-trifluoromethylphenyl)naphthalene (54.9 mg, 40 %),
2-(4-dimethylaminophenyl)naphthalene (58.2 mg, 47 %) and unconverted 2-methoxynaphthalene (< 10 %)

as a white powder.



3. Data of products
2-Phenylnaphthalene [612-94-2].

'H NMR (CDCl;, 270 MHz): & 7.40 (t, J = 7.3 Hz, 1H), 7.48-7.56 (m, 3H), 7.74-7.79 (m, 3H),
7.87-8.00 (m, 3H), 8.07 (s, 1H); '°C NMR (CDCls, 67.5 MHz): & 125.5, 125.7, 125.8, 126.2, 127.2,
127.3,127.5, 128.1, 128.3, 128.7, 132.5, 133.5, 138.4, 141.0.

1-Phenylnaphthalene [605-02-7].

'H NMR (CDCls, 270 MHz): & 7.51-7.64 (m, 9H), 7.93-8.03 (m, 3H); '*C NMR (CDCl;, 67.5
MHz): & 125.3, 125.7, 126.0, 126.9, 127.2, 127.6, 128.2, 130.0, 131.6, 133.8, 140.2, 140.7.

9-Phenylphenanthrene [844-20-2].

'H NMR (CDCls, 270 MHz): & 7.48-7.72 (m, 10 H), 7.93 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 8.6 Hz,
1H), 8.75 (d, J= 7.9 Hz, 1H), 8.81 (d, J = 8.2 Hz, 1H); '°C NMR (CDCls, 67.5 MHz): 3 122.5, 122.9,
126.4, 126.5, 126.6, 126.8, 126.9, 127.3, 127.5, 128.3, 128.6, 129.9, 130.0, 130.6, 131.1, 131.5, 138.7,
140.8.

2-Methoxycarbonyl-6-phenylnaphthalene [904688-59-1].

SOAA

'H NMR (CDCls, 270 MHz): & 4.00 (s, 3H), 7.42-7.54 (m, 3H), 7.73 (d, J = 6.8 Hz, 1H), 7.80 (dd, J
= 1.6 and 8.6 Hz, 1H), 7.90-8.12 (m, 5H), 8.63 (s, 1H); '°C NMR (CDCls, 67.5 MHz): & 52.2, 125.1,
125.5, 125.6, 126.3, 127.4, 127.8, 128.3, 128.9, 129.8, 130.7, 131.5, 135.7, 140.4, 140.8, 167.1.
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2-Acetyl-6-phenylnaphthalene.
o]

SO

mp 141-143 °C; 'H NMR (CDCl;, 270 MHz): & 2.73 (s, 3H), 7.42-7.58 (m, 3H), 7.71-8.08 (m,
7H), 8.46 (s, 1H); "C NMR (CDCl;, 67.5 MHz): & 26.6, 124.2, 125.4, 126.4, 127.3, 127.8, 128.5, 128.9,
129.8, 130.0, 131.5, 134.3, 135.7, 140.3, 141.0. 197.8; IR(KBr): 3066 w, 2997 w, 2962 w, 2924 w, 2852
w, 1676 s, 1625.7 m, 1468 w, 1448 w, 1358 m, 1282 m, 1219 w, 1194 w, 1128 w, 1066 w, 1016 w, 964 w,
941 w, 891 m, 870 w, 829 m, 758 s, 687 m, 665 m, 577 w, 474 m cmfl; HRMS (EI) m/z caled for
CisH140: 246.1045, found 246.1043.

4-Phenylacetophenone [92-91-1].

MO0
H,C

'H NMR (CDCls, 270 MHz): & 2.65 (s, 3H), 7.41-7.51 (m, 3H), 7.62-7.65 (m, 2H), 7.69 (d, J = 8.2
Hz, 2H), 8.04 (d, J = 8.5 Hz, 2H); '>C NMR (CDCl;, 67.5 MHz): & 26.7, 127.1, 127.2, 128.1, 128.79,
128.83, 135.7, 139.7, 145.6, 197.5.

4-Phenyl-trans-stylbene [21175-18-8].

OO

'H NMR (CDCls, 270 MHz): 8 7.17 (s, 2H), 7.26-7.49 (m, 7H), 7.54-7.65 (m, 7H); '*C NMR (CDCl,
67.5 MHz): 3 126.5, 126.9, 127.3, 127.7, 128.2, 128.7, 128.8, 136.4, 137.3, 140.3, 140.6.

2-(4-Trifluoromethylphenyl)naphthalene [460743-71-9].

‘ CF3

'H NMR (CDCls, 270 MHz): 8 7.52-7.55 (m, 2H), 7.72-7.76 (m, 3H), 7.81-7.97 (m, 5H), 8.07 (s, 1H);
C NMR (CDCl;, 67.5 MHz): & 124.3 (q, J = 269.4 Hz), 125.0, 125.7 (q, J = 3.8 Hz), 126.2, 126.4, 126.5,
127.5,127.6, 128.2, 128.6, 129.2 (q, J = 32.2 Hz), 132.9, 133.4, 144.4, 144.5.

2-(4-Methoxycar bonylphenyl)naphthalene [205823-29-6].



S

'"H NMR (CDCls, 270 MHz): & 3.92 (s, 3H), 7.46 (d, J = 7.5 Hz, 1H), 7.51-7.56 (m, 2H), 7.80 (d, J =
8.2 Hz, 2H), 7.93 (t, J = 6.9 Hz, 2H), 8.05 (d, J = 7.2 Hz, 1H), 8.09 (s, 1H), 8.16 (d, J= 8.2 Hz, 2H); '*C
NMR (CDCls, 67.5 MHz): & 52.2, 125.1, 126.2, 126.3, 127.16, 127.22, 127.6, 128.2, 128.5, 129.4, 130.1,
132.8, 133.4, 145.4, 166.8.

2-(4-Acetylphenyl)naphthalene [150988-77-5].

‘ CHs

'H NMR (CDCls, 270 MHz): 8 2.67 (s, 3H), 7.51-7.55 (m, 2H), 7.75-7.97 (m, 6H), 8.08 (d, J = 8.3 Hz,
2H), 8.10 (s, 1H); '>C NMR (CDCls, 67.5 MHz): & 26.6, 125.1, 126.3, 126.4, 126.5, 127.4, 127.6, 128.3,
128.7, 128.9, 132.9, 133.5, 135.8, 137.0, 145.6, 197.7.

2-(4-Methoxyphenyl)naphthalene [59115-45-6].

0]
S s

'"H NMR (CDCls, 270 MHz): & 4.00 (s, 3H), 7.06 (d, J = 8.9 Hz, 2H), 7.48-7.57 (m, 2H), 7.71 (d, J =
8.9 Hz, 2H), 7.76 (dd, J = 2.0 and 8.6 Hz, 1H), 7.88-7.95 (m, 3H), 8.04 (s, 1H); '>C NMR (CDCl, 67.5
MHz): & 55.3, 114.3, 125.0, 125.4, 125.6, 126.2, 127.6, 128.0, 128.3, 128.4, 132.2, 133.5, 133.7, 138.1,
159.2.

2-(4-Trimethylsililphenyl)naphthalene.

mp 108-109 °C; 'H NMR (CDCl;, 270 MHz): & 7.50-7.53 (m, 2H), 7.66-7.80 (m, 5H), 7.87-7.96

(m, 3H), 8.08 (s, IH); "C NMR (CDCls, 67.5 MHz): 8 0.17, 126.4, 126.6, 126.8, 127.1, 127.6, 128.5,

129.0, 129.2, 133.5, 134.5, 134.7, 139.3, 140.2, 142.3; IR(KBr): 3055 w, 3016 w, 2947 w, 2893 w, 1923 w,

1628 w, 1595 m, 1542 w, 1496 w, 1435 w, 1390 w, 1342 w, 1246 s, 1194 w, 1130 w, 1111 s, 1028 w, 1018

w, 964 w, 951 w, 901 w, 868 s, 841 s, 812 s, 758 s, 744 s, 721 s, 690 m, 633 m, 621 m, 580 w, 550 m, 511
S-7



m, 480 s, 444, mcm '; HRMS (EI) m/z calcd for C;9H»¢Si276.1334, found 276.1328.

2-(4-Dimethylaminophenyl)naphthalene [ 359653-43-3].

G
3 N<

'"H NMR (CDCls, 270 MHz): & 3.03 (s, 6H), 6.87 (d, J = 8.1 Hz, 2H), 7.43 (t, J = 6.9 Hz, 1H), 7.48 (t,
J= 6.6 Hz, 1H), 7.66 (d, J = 8.9 Hz, 2H), 7.75 (dd, J = 1.6 and 8.6 Hz, 1H), 7.83-7.89 (m, 3H), 7.99 (s,
1H); '>C NMR (CDCls, 67.5 MHz): 5 40.6, 112.8, 124.0, 125.1, 125.2, 125.9, 127.5, 127.8, 128.1 (br-s),
128.9, 131.9, 133.8, 138.4, 149.8.

2-(4-Fluorophenyl)naphthalene [28396-55-6].

|

'H NMR (CDCls, 270 MHz): & 7.24 (d, J = 8.6 Hz, 1H), 7.28 (d, J = 8.6 Hz, 1H), 7.58-7.60 (m, 3H),
7.73-7.86 (m, 3H), 7.98-8.07 (m, 3H); '*C NMR (CDCls, 67.5 MHz): & 115.7 (d, Jer = 21.6 Hz), 125.3,
125.6, 125.8, 126.0, 126.4, 127.6, 128.1, 128.5, 128.9, 132.5, 133.6, 137.2, 137.5, 162.5 (d, Jc.r = 244.8 Hz).

2-(2-Methylphenyl)naphthalene [66778-24-3].
H,C

'H NMR (CDCls, 270 MHz): & 2.43 (s, 3H), 7.41-7.45 (m, 4H), 7.58-7.62 (m, 3H), 7.89 (s, 1H),
7.94-7.99 (m, 2H); '>C NMR (CDCls, 67.5 MHz): & 20.5, 125.8 (br-s), 126.1, 127.3, 127.5, 127.6, 127.69,
127.75, 128.0, 130.0, 130.3, 132.2, 133.3, 135.5, 139.5, 141.8.

2-(2-Fluorophenyl)naphthalene [22082-95-7].
F

'H NMR (CDCls, 270 MHz): & 7.18-7.60 (m, 6H), 7.71 (d, J = 8.6 Hz, 1H), 7.89-7.95 (m, 3H), 8.04 (s,
1H); '3C NMR (CDCls, 67.5 MHz): & 116.1 (d, Jc.r = 22.8 Hz), 126.2 (d, Je.r = 3.3 Hz), 126.21, 126.22,
127.0 (d, Jo.r = 2.8 Hz), 127.4, 127.6, 128.1 (d, Jo.r = 19.4 Hz), 128.1 (d, Jo.r = 2.8 Hz), 128.8, 129.0, 130.0,
131.0 (d, Je.r = 3.3 Hz), 132.6, 133.3, 159.9 (d, Jo.r = 245.9 Hz).
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1-(2-Naphthyl)naphthalene [4325-74-0].

'H NMR (CDCls, 270 MHz): & 7.54-7.70 (m, 6H), 7.77 (dd, J = 1.6 and 6.5 Hz, 1H), 7.98-8.11 (m,

5H); "“C NMR (CDCls, 67.5 MHz): & 125.3, 125.7, 125.91, 125.96, 126.0, 126.2, 127.1, 127.5, 127.61,

127.63, 127.9, 128.2, 128.3, 128.6, 131.6, 132.4, 133.3, 133.7, 138.2, 140.0.

2-(1-Naphthyl)-6-phenylnaphthalene.

'H NMR (CDCls, 270 MHz): & 7.49-7.67 (m, 7H), 7.75 (d, J = 8.2 Hz, 1H),

mp 156—157 °C;
C NMR (CDCls, 67.5 MHz): & 125.4, 125.6, 125.8,

7.84-7.90 (m, 3H), 8.98-8.09 (m, 6H), 8.22 (s, 1H);
126.00,126.02, 126.1, 127.2, 127.4, 127.8, 127.9, 128.3, 128.5, 128.6, 128.9, 131.7, 132.5, 132.8, 133.8,

138.4, 138.7, 140.1, 141.0; IR (KBr): 3055 m, 3024 m, 1589 m, 1574 w, 1506 m, 1489 m, 1475 m, 1444

m, 1396 m, 1363 m, 1321 w, 1246 w, 1205 w, 1180 w, 1157 w, 1138 w, 1074 w, 1018 m, 966 m, 953 w, 887
s, 864 w, 825 s, 804 s, 773 s, 756 s, 715 w, 698 s, 683 s, 667 s, 644 w, 625 w, 600 w, 584 w, 567 w, 530 w,

511 m, 482 s, 434 mcem '; HRMS (EI) m/z calcd for Co6H g 330.1409, found 330.1411.



3.0505
ERENE]

[- 0 — O 00— OO0
P LD 673 O — 00 o

77,4690
77.0000

-~ — 76.5310

o = [~ - COLD WL
Ol T O C T T

(S

g
4
5
)
.73
2

s

S-10



yons:
N605"
G¥E5"
r0s5°
5955"
1595°
¥rES”
5009°
06048"

"B

BETH"
nogg-
LEgg”
G058"
AFhE"
1546
01B6"
Lagn”
¥¥s0°

0 OO == === [== == [=- o == == === (=== [~ - [

TSN

GIES”
nooo-
[IFNS

08rE"
gagLs
G326
IVEB”
Gngle
| E6G"
agler

521
521
521
4zl
Ll
Lzl
8zl

Tt
£595°
ey
cnng:
IFAIF

et
T
121
g1
0y I——
01—

—

S-11



Fo

—=r

oo

o

NEZ5"
nogo-
Gaar"

TEél
“iel
!
A
T4l
“9el
“Hil
“Lal
"Ll
“gél

ool

TBgl
“0EL
“0EL
ClE
tlE
“8E
0k

S

S-12



—r— D — L O RO — O S O O D S D LD L O
= — 0 oo o = — O aood o aocqtrujcn
CR— — 00 C0C0 O O Cd— OO0 T — 03—

e e e r—r—ujujwrﬁrtt

onne

[ R e e e Y e e e e el e e e el i

m\N\/&%M—#

|
S tHH

SO

Y3167

-

NN W

10.0 9.0 8.0 7.0 6.0 50 4.0 30 20 1.0 0.0

&/ ppm

— Lo 0o oD T re- CRUD 0000 oo O e =F ===

— OO0 — Ol 00 O 0O - LD 00— O oo —

=+ OO oD 0050 — U CR— = [ Ry

— o0 == L= - g0 O - C0 0 T —

r— O OoOu — O o090 OOr-- MO0 WU U r——r-— co

[==] b B p e e ey e R mt R Fag¥ Jnt Hn R m—r—-r-

4
0
5
— h2.1722

SO AM

210.0 2000 190.0 180.0 170.0 160.0 150.0 1400 130.0 1200 11[}0 100.0 90.0 200 700 600 500 400 300 200 100 00
&/ ppm

S-13



0B

FRIET

D
o

—=r

3/ ppm

<

=

oo

2]

EILS 88 —

OO

9262 0y 1—7
0BB6 0¥ _\|

VB5L LB l—

S-14



0-g

noaz-
250y
B0EF"
8z5% "
GOAY"
5905"
LERE”
gora”
viL9
Gi0L"
45a0"
G950°

HsC

GEREE

ESLET |

Fo

i

A5¢L 98 —— -

H3C

oo o
S —
=]
r--r-—- o
r=-r-—r—

2a01- Ll
GE51° L1
a1l a7l

EH TR
0rEs-8zl
85687 5E1—
VB BEl—

59285 |l—

GPESTLBl—

S-15



o 60 O — Co LD

= oo o S un oo
— N — LD OO O
= oo
= W O 0O Ol —

Ll el et el e el e

k%ég%ﬁéééggééééﬁJ

G.7567

A
""""" T UL P LD Y B DA B DN DA S T
10.0 9.0 80 7.0 6.0 50 40 30 20 1.0 0.0
&/ ppm
= — 0D 000D — 0D - 000D 00 oo
= - O — 00— LD 0D — 00 L [==R | ey
=D 00U O e— T 0D WD Ol — — [ |
OO OO0 M- M- D — CO0D O O L =+
OO0 MO D CO D P D e = r-fles
3322W =
|'™
LAY WAL VLAY LAALERSA) AR ULARLARRAN SALARLELA) LARLELALA) WALRERAN LAARERARRS WRLARRE N I UAARARRA N T T [PURERRRAS N
210 200 190 180 170 160 150 140 130 120 11}} 100 90 80 70 60 50 40 30 20 10
5/ ppm

S-16



CF3

=]

e

gl

=

oo

=]

T
5
5/ ppm

0IES"
nooo-
ngay "

£gng”
ZBY0"
9485"
2528°
Bz88"
ForL:
EROZ"
BELE"
GO8Y "
EBOS"
FEBS”

9L —_

i —
E\

2zl
5Z1
521
521
521
521
9zl
9zl
9zl
Ll
Lzl

[N
LFpe”
GBEE"
LSiy"
G256"
EL5872El
TEEL
.mm_L\\1
!

AT

05éy
G558

l—F

8zl
G2l
G2l

lllllllﬂ CF3

S-17




Fo

_CH3

/CHS
O

¢ ) m T O

018592

0000 L¢ W
8926 E—— o f 063F " L2

—~— |~

FoE 8901° 5z
g B522° 92|
= 180" 921
B0F " 971
8911zl
i Elz2°Lal
Lo 8581z
: EEEZ" A2

- GipG 71—
g

RGO .

: 05¢¢° 781
mmwmm Fe D5epEEl
s ez — L6LesEl "

. —_— [

Nmmm.h/‘r Ecy Tl[[l’llfm "
RASE" L 5557 i
mmmg.mV e — .
e e ey F

i 9z 18" 99 1—
Zi.m\ .
(AR

—<s

S-18



58987 i—

noaz:
9215"
LBAS"
955"
T
BELL”
09as:
o608"
0l¥a:
0688"
AFE8"
9506°
AFER"
PGHE"
Laa0-
ELED”

©0000 PP = P~ = [~ [~ [~ [~ [~

e

=
e=)

LLB0°€

LIaTd

J
J

—<r

=]

ES¥8 98 —

G1ES 9
nooo-L
Gaar-L

i

LERD" 521
nzoe-9zl
AEEY - 9al
400574921
EBLETLE]
EYES-LZl
FOOEBZL

CH3

[FGd-ozl

[T
LBER ZEI—7
Dmmv.mm_MMmH
FEGLGEL

\PED-LEL
§0L5° 51—

9L LB l—

S-19



SO0 00D CR D - — 0 LT G000 WD SE o coou =

0D CRoD CRO0 OO P [ P - - oL LD LD Lo L0 Lo e

oo

OO - F== == [=-T-= [== == [=-[== [== == [ == = [-= [~ [~-[-- [ -

1.9567
1.94499

.0

- OO0 000D CH 0D t0 M- TR gp SRLD — [=e =N ] o
=¥} LD o4 - (D00 Tl to o e e — —
— = £ = (D= — F— 0o cp S0 0D Lo [T=a=N=r] =]
. DD Lo o oo on S — b oo o ER=1"z] o~
=2} 000 OO0 0000 00 M- O L L SF = =] v
[r=) OO Cnon e cd el ool e — P r=)

/
|}
¢

S-20



H3C\ _/CH3

3/ ppm

..CH3
CH3

HSC\
Si

NEdr L
NZEE"L
nioy-8

v

GpAE-Hzl
Lir9-9gl
¥BLLT9EL
E0olTLEl
EEN
ngar-azl
néwn”
¥BED
G ar:

i O

-
o

N

O =P - T-= [~ = [~ [ [ - -

ELaL”
¥5ez”
I
[IFFRN

WY

e o T )
= o oo ey ol

S-21

=z]




0 CRED oD OO WD D00 WD 38}
o0 0000 OO M- M- 00 (o= CJ o0 o0 =}
- =P - = = = - - 00 D 2 s}

N

- =
=+ -
= =
o T (=]
. oo
o oo
=+| =i
| o
=) 2
......... A B T B e e
10 9 8 7 6 5 4 3 2 1 0
5/ ppm
crn —oh e e — I==t=] o
Cul O LD oD CW O M- O L L O oo — [=23
0 — M= T WD 00— — = - = o =
oo odp o= oo— — O - =+ 0w (=}
CD— 000D M= LW w =t oy r—r- oo =
Ly e ey N et M E e BN B r—r—r— =T

—149.7979
138.3780

z
\
N\
%

A DAARARAAN LAREARARAN RARER SRR SRS R SRR
10 100 80 80 70 60 50 40 30 20 10
m

S-22



C0C0 OO [=-T-= [ == === [== - [

=

oo
=

3.30
3.1814

2.0

=+ r-- OO CRCD D L O S0 AT G - = oo
=+ r-- OO OO 0000 OR300 60 S — LD e O P e —c—
= — 00 0000 0O LD 00 ©i0D 00— — = Lo [l=13r]
oo n— = moo f— oo o coo ool = oo
-+ = r=r— 00 ce 00 00|40 oo 0D Lo WD Lo WD Lo e r—r—oo
oo 000 O o el e o e S e e — — F—r—r—

PO PR N NP T [T R PRI AT Y | M T O T S R

210 00 190 M80 170 160 150 140 30120 o 100 ' 90 80 70 60 5
&/ ppm

40 30 20 10 0

S-23

Y T TP T | TR N AT 1



981508 —

181" g
. -

L G

0EZ5" 9
nooo* L
Ba8F L

i

e E £o0s
- E
- ParE”

S-24

% 571
= H
1zl
O r 918t izl
” EPED L2
C BIB8 L2
o ¥arL 7]
i e
T—
iy L . LIEE DEI—
BOEY" L E S;.Nm_\
G5 L r N_mm.mm_\
01854 - [215-5E 1~/
GRBG" L L i mm:.mm_\
TR o i 528l IR
wmm_mm arnn- g = |
MMMMMW Lr00°E L _ -
m:m.h\ w
PEBE" L
>
=]

S | W




2.0521

T33

o

10.0 9.0 8.0 70 6.0 50 40 3.0 20 1.0 0.0
5/ ppm

210 200 190 180 170 160 150 140 130 120 11}} 100 90 80 70 60 50 40 30 20 10 0
&/ ppm

S-25



COOD T 0D O0— 0900 0RO - 0D G0 D LD O 60— LD S —

8.1085

=l

=]

o
=]
=
—
o
Lo

N

J . — 1

10 9 8 7 6 5 4 3 2 1 0
3/ ppm

139.80688

774772
77.0000

il . ol 1l L 1 1 ot bl 0 et st il b, i M JLth ot bl ol s st ot b L] L s Rl s e s L e i ek 1L 4kt g ot il
210 200 190 180 170 160 150 140 130 120 11}} 100 90 80 70 60 50 40 30 20 10 0
&/ ppm

S-26



oo = — cdLn — o o

f==r- 000D oL b Lo L =

[P = P - -

LY

iy

A

A

10

9

8

7

6

5
3/ ppm

4

3

2

T
1

0

S-27



