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1. Result of kinetic isotope experiment
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Figure S1 NMR spectrum of kinetic isotope experiment



2. FT-IR spectra of pure SOM and SOM with tBuOK
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Figure S2 FT-IR spectra of pure SOM and SOM with tBuOK
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3. Information for GC analysis

The yields of the product biphenyl of each reaction were determined by GC using
dodecane as the internal standard and calculated through the calibartion curves as
shown below.

Calibration Curve

Standard Solution iodobenzene/g dodecane/g
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4. NMR spectra of products

SOOI O N e O =00 WY —~ 0
WV DO &l AN & Al O O
L e R i B e e o T B TR B T |
;r—'r«'r—'r—'r:'rl'lfrmlir}-'h'rih'r-r-'r\h'rfri
Ph
2a
1
H NMR (CDCl;, 400 MHz)
L A
L]
—N—N—]
=20 9
- el
;

11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
chemical shift (ppm)

141.207
128.719
127.214
127.131
77.317
76.999
76.682

o
A
L
Mo

Ph

2a
C NMR (CDCl;, 101 MHz)

T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 S0 40 30 20 10 0
chemical shift (ppm)

S6



197°T—

LTTL,
L
LiL
PETL
BET'L
SPTL
6VT'L
L
BET'L
97°L
L6T'L
00£°L
POE"L-
ETE L
SIEL
1eL ]
0€E°L
PEE'L
SEE°L

1LEL
ELE'L
6LEL
8E°L
065"
PeE'L
SOF°L
60%°L
[T

Me

Ph

2b

'"H NMR (CDCls, 400 MHz)

=00°¢

00
M:c.m
00°T

0.0

0.5

1.0

40 35 30 25 20 15

4.5

80 75 7.0

85

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

LEFOT—

£89°9L
E:_.EW
LIELL

9TLSTT
TTL9TTH|
TITLTT~=

970'STTf
BET6LT
65L°6ZT
99T0ET |,
PETSET \
SP6THT

Me

Ph

2b
C NMR (CDCl;, 101 MHz)

70 60 50 40 30 20 10

80

920

140 130 120 110 100

150

160

210 200 190 180 170

chemical shift (ppm)

S7



90¥'T—

0FTL
BST'L1
S6T'L
667°L
0EL
ETE'L
9TE"L
wTEL
TEEL
9EE"L
6EE°L
ELE'L
BLE'L~
£6E°L
L6E°L
60b°L
arL
9TH'L

TE8L
19¢°L
POS'L
L98°L
9L8L
18¢°L
§85°LY

Ph

Me

2c

"H NMR (CDCls, 400 MHz)

=00°¢

S00°T
o

00°F
10z

0.0

1.5 1.0 05

2.0

50 45 40 35 30 25

5.5

7.0 65 6.0

80 75

8.5

11.0 105 100 95 9.0

chemical shift (ppm)

T 1T —

£89°9L-
E___.Ew
6TELL

LYT¥PIL
9TT'LTT
8YT°LTT
6¥6°LTT
L96°LTT
E€E0'8TT
099°871
0BT'BET~
LITTFT
mmm.H:V

Ph

Me

2c
BC NMR (CDCls, 101 MHz)

20 10

30

70

100 %0 80

130 120 110

140

180 170 160 150

190

210 200

chemical shift (ppm)

S8



698'T—

L)
1€TL
TLT L
OLTL
6LTL
P6TL
667'LY
60%°L
ETE'L
9TEL
LLE LA
goe L
L6E'L7]
0TH L
SIFL
PP L
69%°L
08%°L
P8FL
LysL1
0S§°L
ESSL
L9S°L
1L’

Ph

Me

2d

"H NMR (CDCls, 400 MHz)

=00°¢

1.0 05 0.0

20 15

2.5

3.0

55 50 45 40 35

6.0

7.0 6.5

85 80 75

2.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

£90°TT—

189°9L
mmm.uhv
LIELL

PE69TT
LS697T

LSBT~
orr 671/
SE69ET~
6TEBET—
TEUTFTY

Ph

Me

2d

C NMR (CDCl;, 101 MHz)

20 10

30

9 80 70 60

100

120 110

130

150 140

160

180 170

210 200 190

chemical shift (ppm)

S9



Ph

2e

'H NMR (CDCl;, 400 MHz)

0.0

1.0 0.5

20 15

25

189°9L Y
cca.hhw
STELL

50 45 40 35 3.0

6.0 5.5
chemical shift (ppm)

9E6'STT
NE.EHV
FETFIL
1TEFT1
LI9LTT-F
m‘é:.ﬁ B 96£'8TT"
r00°T SLE'STT

01 6S6°87T
007 [
007

7.0 65

166'8T1
TT0°6TT
901671
ETL0ET
8SL0ET

ESL'SE g\

80 75

85

961851
856°091

9.0

11.0 10.5 10.0 95

10

20

30

70 60 50

Ph
80

2e

*C NMR (CDCl;, 101 MHz)
100 90
S10

150 140 130 120 110
chemical shift (ppm)

160

180 170

190

210 200



8869
$66'9
£00°L
0T0'L
9T0'L
0L
870L
£E0°L 1
650°L
SSTL
6STL
£9TL
6LT L]
PST L7
68TL
97E'L
0gEL
0¥ LA
PPEL
GPEL
£58L
8SEL
£9EL
99¢"L-
1LEL
08
SOFL
9THL
oL
PEFL
8EFL
L
8E5L
s
18|

Ph

2f

"H NMR (CDCls, 400 MHz)

9ce’L
aum.h_

Hs_::

r00°T

0077
H/_“__.._.n

0.5 0.0

1.0

1.5

30 25 20

55 50 45 40 35

chemical shift (ppm)

6.5 6.0

5 80 75 7.0

8.

9.0

1.0 10.5 10.0 9.5

£89°0L
mmm.uh/
LIELL

POSELL|
LBEETT
;_::v
L60FTT
200701
0£LTT1
090°LTT
P08 L1
EP8'8T1
STT0ET
60z'0ET/
088°6ET
206'6€T
STHEPT
10841

Tr6' 191~
IBEPIT—

Ph
80 70 60 50 40 30 20 10

2f
%0

"*C NMR (CDCls, 101 MHz)
110 100
S11

180 170 160 150 140 130 120
chemical shift (ppm)

190

210 200




£60°L
PIT'L
SET Ly
9Tl
PEEL
ESEL
S0¥ LA
FTrL
EPFL
6I8°L
9TeL
LES'L]
4.0

Ph

2g
"H NMR (CDCl;, 400 MHz)

00°T
.T._EA
M::.m
0oy

0.0

20 1.5 10 0S5

45 40 35 30 25

5.0

chemical shift (ppm)

7.0

85 80 75

1.0 105 10.0 9.5 90

£89°9L
S:.EW
STELL

9LFETT
G89°ETT
£66°9T1
TETLIT
919871
umu.wm.ﬁw
E6L°8T1
T6TLET
mﬂm.hma\
STTOrT

TITI9T~
8E9°E9T—

Ph

29
3C NMR (CDCl5, 101 MHz)

20 10

30

120 110 100 9% 80 70 60 50 40
chemical shift (ppm)

130

150 140

160

170

210 200 1% 180

S12



4 (i

S60°L
860°L
TIL
PITL
WA
PST'L
L9TL
69T°L
I8T°LY
P8T°L
EEP'L
9EFL
PP Ly
BPPL
[ 93
65%°L
£9F°L
L9¥°LY
PLY L
BLY'L
84°L
5L
SESTL
BPSL
£95°L
6L9°L]
189°L
£89°L
$69°L
869°L1

OMe

Ph

2h

"H NMR (CDCl;, 400 MHz)

FIT'E

10T

001
FO0E
007
‘00z

0.0

1.0 05

1.5

40 35 30 25 20

6.5 6.0 55 50 45
chemical shift (ppm)

7.0

7.5

8.0

9.0 85

11.0 10.5 10.0 95

LOF'E

I'a

9PL9L
:::.whv
PSTLL

8PT'TIT
3;2/
5@2%
P68 LITH
0£S'8ZT
B9 6T 1+
979'0€T~
5:5\
LLY'SET—

TLE9ST—

OMe

Ph

2h

"*C NMR (CDCl;, 101 MHz)

20 10

30

70 60 50 40

130 120 110 100 90 80

150 140

160

180 170

210 200 190

chemical shift (ppm)

S13



Pro’E—

786'07
166'9
010°L
BI0°L
BET'LY
PPTL
STL
9LTL
87 Ly
10£°L
90§°L
LTl
PP L
£54°LY
69%°L 1
08¥°L
605°L
PES'LY
655°L
S89°L
60L°L
PIL L

Ph

MeO

2i

'H NMR (CDCl;, 400 MHz)

Feog

00T
002
Long
00T
kooz

1.5 1.0 05 0.0

2.0

25

45 40 35 3.0

6.0 55 50

7.0 65

5

90 85 80

10.0 9.5

11.0 10.5

chemical shift (ppm)

£61°cE—

BLE'9LN,
TO0Li—F
qu.hh\

L09°TIT
T8 TI

019'6T1—
Zerieny
£5ELTT

“_G.%Q
£69°'671

SEOTHTI~
869°TPT

8887651 —

Ph

MeO

2i
3C NMR (CDCls, 101 MHz)

e

I

20 10

30

00 9 80 70 60 S50

140 130 120 110

160 150

170

210 200 190 180

chemical shift (ppm)

S14



PES'E

1£6'9
6569
£96°9
SL69
0869
0LTL
ELT'L
LLT LA
ToTL
LOE'L
(1] SR
FIE LA
98¢°L
68tk
SO¥L-
6I¥'L [
PTFL-
E08°L
TIs'L

o1sL
LTS'L
EES°L
0£S'L
ovsL
8PsL
£5S°L
LesL!

Ph

MeQ

2

'H NMR (CDCls, 400 MHz)

=00°¢

=007

00T
Wﬁac.m
=00°F

05 0.0

1.0

1.5

55 50 45 40 35 3.0 25 20

70 65 6.0

8.0 7.5

9.0 85

11.0 105 10.0 9.5

chemical shift (ppm)

60E"SE—

£89°9L
;:.EW
STELL

SLTPIT—

FT9'971
ucn.wﬂv
ANA.@NHW
689871

6bLEET
66L°0p1

TTT68T—

Ph

MeO

2

C NMR (CDCl3, 101 MHz)

20 10

30

120 110 100 9% 80 70 60 50 40
chemical shift (ppm)

130

150 140

160

170

210 200 1% 180

S15



9LE°Lq
8LE'LY
18841
8BE°L
E6E°L
LeE'L
SO¥F°L
80¥°L
0T¥°Lo
Sryl
8¥F'L
85¥'L]
19¢°L
A S
SLY L
LL¥'L
SLE'L
LLS'L
08s°L
L8S'LY
T65°L

F6s'L
LLY'L

Ph

FiC

2K

"H NMR (CDCl;, 400 MHz)

w

00°1T
00°Z
00°C
00°%

0.0

1.0 05

1.5

2.0

25

3.0

9.0

11.0 10.5 100 9.5

chemical shift (ppm)

L9L79L
::.whv
QLT LL

ma.mz
mh.mm}
18T°LET
0z¥°LeT
mﬁ.mm%
066'871"
0LLGET—
SELPPT—

Ph

F,C

2K

3C NMR (CDCl,, 101 MHz)

80 70 60 50 40 30 20 10

20

110 100
chemical shift (ppm)

200 190 180 170 160 150 140 130 120

210

S16



6EE°L
EPEL
opEL
£s€'L
95EL
LSE'L
6SE°L
29e'L
69€'L
ue'L
SLE'L
SepL
sepL
6EpL
L
ISh'L
£sp'L
pSPL
9shL
Lsp'L
SOP'L
89PL
69¥°L
wy'L

9LE L~

08s°L
£85°L
98S°L
T68'L
S6S°L
86S°L
T09°L
SEL'L
BEL'L
PLL
ISLL
€SL°L
LSL'L
658°L
€98°L
S98°L
SL8'L
8L8°L

Ph
2|

'H NMR (CDCl,, 400 MHz)

NC

188°L

0.0

1.0 05

20 15

2.5

3.0

40 35

5.0 45

5.5

6.0
chemical shift (ppm)

80 75 7.0 65

100 95 9.0 85

11.0 10.5

1899L
T00°LL
wﬂm.hh\

PIE 0TI —

06¥'STI_
PITLTE
GE:W
LTl
7s8'8717
1857z’

LT9°0FT~,
SP6°0PT

30 20 10

40

60

Ph
NG
21
2C NMR (CDCl5, 101 MHz)
90 80 70

S17

110 100
chemical shift (ppm)

1
130 120

150 140

160

210 200 190 180 170



€70°€—

108°9
$08°9
L0879
L1879
078°0
FEge
6EE°L
T0¥°L]
0h°L]
PovL
PIvL
9TH'L
LIVL
61¥°L
IEb'L
L
SHL
sPHL
ISh'L
9b°L
£9¥°L
695°L
US'L
SLS'L
S8S°L

88¢°L

Ph
2m
"H NMR (CDCl;, 400 MHz)

N
\

N

=00'T

SI0T
Fcop
Aoz

0.0

1.0 05

20 15

2.5

3.0

40 35

5.0 45

5.5

6.0
chemical shift (ppm)

80 75 7.0 65

100 95 9.0 85

11.0 10.5

LTy —

089'9L
ooo.E..W
TZE€LL

6Ly TIT—

ozrLel
L6T'LTT
969°LTT]
7s8°871
OTZET
POLOPT—

866°0ST—

Ph

2m

3C NMR (CDCls, 101 MHz)

80 70 60 S0 40 30 20 10

90

120 110 100

170 160 150 140 130

210 200 190 180

chemical shift (ppm)

S18



£TE°L
97¢'L
6T6°L
95E°L
65€°L
THE'L
EL
SHE'L
TSEL
sse'L
6SE°L
86€°L
r'L
0b'L
rorL
PIFL
9L
LIFL
6Th"L
oL
stL
8TH'L
TEP L
eh'L
SEbL
L
EPb'L
LbbL
9ISt
6IS°L
ws'L
Tes'L
PES'L
8€5°L
S95°L
695°L
0Ls'L
us'L
SLS'L
185°L
S8S°L
885°L
065°L

Ph

FACO

2n

'H NMR (CDCl;, 400 MHz)

T0°T
66°€
60t
0670

0.0

1.0 05

50 45 40 35 30 25 20 15

55
chemical shift (ppm)

75 7.0 65 6.0

8.0

100 95 9.0 85

11.0 10.5

6L9"9L
cac.th
TTELL

SEETLIT
667 611
V9171
¥T6'Itl
SE€6°ITT
S8LIETT
mﬂm.huﬁﬂ
€6LLTT-F
oho.m:*ﬁ
69¢°621
0TI'PET
ohm.o:\
9%0°0ST
PET'OST
Teost
0TE0ST

Ph

F,CO

2n
C NMR (CDCl;, 101 MHz)

30 20 10

80 70 60 40

90

120 110 100

170 160 150 140 130

210 200 190 180

chemical shift (ppm)

S19



€LT1
987°T
$06°C
9067
L£06°T
616
076'7

1262

€62

£66'
S€6'T
962
LP6'T
86'T
196
G0E°L
€IEL ﬁ
91IE'L
SIEL
0zE'L
et
£7€°L
9zE'L
LIEL
6TE'L
et
PEEL
SEEL
LEE'L
SEE°L
we'L
SPE'L
SOb'L
80F°L
60F"L1
L
L
€L
PTvLA
9Th' L]
LTv'L
9¢r'L
8Eh'L
6Ep'L
WL
9€s°L
6€5°L
ws'L
ssL
rss'L
855°L
0Ls'L
PLS'L
LLS'L
6LS'L
98s°L
685°L
6sL
S65°L

Ph

iPr

20
"H NMR (CDCl5, 400 MHz)

Il

=96°S

F1o1

ST0E
£10°7
Rrov

0.0

1.0 05

20 15

2.5

3.0

40 35

5.0 45

5.5

6.0
chemical shift (ppm)

6.5

7.0

8.0

100 95 9.0 85

11.0 10.5

6LI9L
ooo.wnW
TTe°LL

1€9°971
Eﬁ:w
L8TLTT
969°LTT
258°871
0£8'8ET—
4R Ed
865°0pT—

Ph

iPr

20
3C NMR (CDCl;, 101 MHz)

80 70 60 40 30 20 10

90

120 110 100

170 160 150 140 130

210 200 190 180

chemical shift (ppm)

S20



98T —

Ph

tBu

2p
"H NMR (CDCls, 400 MHz)

*00°6

001
10072
002

J_:_.N
007

0.0

1.0 05

1.5

25 20

3.0

40 35

70 65 60 55 50 45

80 7.5

9.0 8.5

11.0 10.5 10.0 95

chemical shift (ppm)

BIETE—
TIsrPE—

LYL9L
S:._FV
PETLL

989°§7T,
mﬁ.wﬂ./,
Nmm.wﬁw
666971/
0L9°8TT
T0E'SET~
EPOTHT—

ETT0sT—

Ph

tBu

2p
"*C NMR (CDCl;, 101 MHz)

20 10

30

80 70 60 50

90

120 110 100

130

150 140

160

180 170

210 200 190

chemical shift (ppm)

S21



1L
(3008
0F¥L
6¥r°L
PLVL
8r'L
(418
el
TIS L
TTE'LA
8E£9°L
L¥9'L
€E9°L
899°L
10474
E0L°L
oLl
1El°L
FrLL
FELL
050°8
1908
FLO'S

e e

F80°8 ]
960°'8"

Ph

2q
'H NMR (CDCl,, 400 MHz)

L

=70t

T::.m

Ezoy

1..5.”

35

45 4.0

5.0

chemical shift (ppm)

9.5

10.0

11.0 10.5

¥Ts 97—

089°9L
ooo.th
6IE'LL

S60°LT1—
em;:x
198'871

L8Lser’
8516617
8€0°SPT—

IPSL6T
98E°L6T

Ph

2q
3C NMR (CDCls, 101 MHz)

140 130 120 110 100 9 8 70 60 S0 40 30 20 10

190 180 170 160 150

210 200

chemical shift (ppm)

S22



SEEL
SEEL
ThE'L
ISE'L
9S€°L
19€°L
ILE'L
SLE'L
8LEL
9Ep"L
obp L
sh'L
9sH°L
bLY'L
9L L]
0£9°L
£69°L
9£9°L
8€9°L
IS9°L
$S9°L
SLOL

!

Ph

Ph

2r

'H NMR (CDCls, 400 MHz)

L6
Epoy
Re6L

0.0

1.0 05

1.5

2.0

25

3.0

5.0 45 4.0 35

5.5

7.0 65 6.0

9.0 85 80 75

0.5

10.0

11.0 10.5

chemical shift (ppm)

1000—

£69'9L
:o.hhv

6TELL

SPO'LTT
hmm.z_w
PorLTT
T18°8z1
S0T°0T~
169°0v17

Ph

Ph

2r

3C NMR (CDCl,, 101 MHz)

9 80 70 60 40 30 20 10

100

130 120 110

160 150 140

210 200 19 180 170

chemical shift (ppm)

S23



PLTT
0789
128°9
789
£78'9
$28°9
$78°0
9780
L7879
8789
6789
0£8°9
161°L
POTL
£5E°L
95€°L
6SEL
£9€°L
69€°L
ILE'L
wue'L
LLEL
I8€°L
S8E°L
88€°L
£6E°L
POEL
96€°L
POV'L
SOb°L
LOV'L
60v°L
L]
ETP'L

SIH'L
0Th LA
WL
€L
sTrL
9TH'L
ws'L
8LSL
6LS'L
185°L ]
£85°L
685°L

T65°L
65°L
os'L
968°L

L6S'L

Ph

Me

Me

2s

"H NMR (CDCls, 400 MHz)

H| 1

*=L6'S

o0t
66T
yI0E
10T

0.0

1.0 05

1.5

2.0

2.5

40 35 3.0

5.0 45

70 65 60 5.5
chemical shift (ppm)

75

8.0

100 95 9.0 85

11.0 10.5

80S° 17—

089°9L
ooo.hhw
TTe'LL

ze£°971
_E.u:/
ssT'8zl
somgrI L
zeet6Tr”
081°LET
6LTLET
mﬁ.mm_\

Ph

Me

Me

2s
*C NMR (CDCls, 101 MHz)

170 160 150 140 130

80 70 60 40 30 20 10

90

120 110 100

210 200 190 180

chemical shift (ppm)

S24



69E°L
ILEL
us'L
S8EL
6IH'L
ozr'L
L
L
PEPL
Sev'L
Shh'L
GrrL
osv'L
L
wrL
bLV'L
SLy'L
98h'L
68p'L
06t'L
00s°L
T0S°L
£0S°L
pIs'L
Ses'L
9€5°L
GES°L
ors'L
009°L
109°L
£€09°L
$09°L
S19'L
919°L
S19°L
$69'L1
L69°L

869°L
00L°L
T0L°L
T0LL
988°L~
888°L
106°L]
£06°L
L96°L
896°L
696°L
£86°L
¥86°L
686°L
066'L
266'L
£66°L
$00°8
S00°8
900°8
L00'8
800°8

Ph

2

'H NMR (CDCl;, 400 MHz)

m

0T
96°T
0e
66°T
66°0
00°T
66°T

0.0

1.0 05

1.5

2.0

2.5

75 70 65 60 55 50 45 40 35 3.0
chemical shift (ppm)

8.0

100 95 9.0 85

11.0 10.5

189°9L
T00°LL
fm.hh\

TI6'SThy
£76°STT
062°921
90L°97T+
T8SLTI|
G6LLTTF
798°LT1
€16°Ler
6878714
et
£95°€ET
TILEET
$S0°8€T
0180817

Ph

t

3C NMR (CDCl,, 101 MHz)

2

30 20 10

40

9 80 70 60

chemical shift (ppm)

120 110 100

170 160 150 140 130

210 200 190 180

$25



0rT'Ly
IET°L
PET'L
POT’L
SEELy
6rE’L
£5E°L
FREL
LBE°L
E6E°L]
96¢°L
EE’L
ESF LS
ELY'L
9Ly'L
889°L
169°L

60L°L]
[4 PR Ay

Ph

2u

'H NMR (CDCl5, 400 MHz)

Foo't
+10°E
00T
=107

0.0

0.5

20 15 1.0

30 25

40 35

5.0 45

5.5

6.5 6.0

7.0

80 75

9.0 8.5

11.0 10.5 100 9.5

chemical shift (ppm)

SLL9L
hn:.nhv
9TF'LL

PETETTH
:m.z%
120921~
908" LIT-F
£PO°STI

mmm.ﬁi\
L8P PET

£0SFPT—

Ph

2u
3C NMR (CDCl;, 101 MHz)

20 10

30

70 60 50 40

80

90

chemical shift (ppm)

130 120 110 100

160 150 140

190 180 170

210 200

S26



0TTL
€TTL
SETL
SETL
9TEL
67€°L
TEEL
GEEL
EVE'L
PPEL
SPEL
GPE'L
SSEL
8SE°L
9E°L
88€°L
6E°L
£6E°L
S6EL
L6E"LA
SOb°L
LOV'L
80¥"L|
1P L
L
6I¥°L
1L
L
€TP'L
sTrL
PhL
LYPL
6P L
shL
€65°L
LSS'L
855°L
09s°L
95°L
695°L
US'L
PLS'L
9LSL
LLSL

'H NMR (CDCl5, 400 MHz)

6670
M T0°T
96°T

ro'1
m/mm.ﬁ

i

75

0.0

1.0 05

40 35 30 25 20 15

5.0 45

5.5

6.0
chemical shift (ppm)

6.5

7.0

8.0

100 95 9.0 85

11.0 10.5

089°9L
ooo.th
TTELL

Lozt
mmm.m:/
816°ST1
LyELTT
SEPULTL
8€8'8C1
SITLET—

TEB'TFT—

S,
&Y

2v

3C NMR (CDCl,, 101 MHz)

80 70 60 40 30 20 10

90

120 110 100

170 160 150 140 130

210 200 190 180

chemical shift (ppm)

S27



06T°L
961°L
00T'L
wrl
LOTL
TITL
LITL
0T¥L
ETFL
0EF'L
SEP'L
6EF L
Ly¥'L
6¥F L
wrl
SBFL
88F°L
L6¥'L
TOS'L
TIsL
SISL
ToLL
90L°L
(1] vy
SILL
8IL°L
0£0°8+

(43
9808
LY0's
050°8
9IL’8
8IL'S
TTL'8
STL8
BTL'8
TELS

2w
"H NMR (CDCl;, 400 MHz)

=001
g
00z
007

Foot

20 1.5 1.0 05 00

45 40 35 3.0 25

5.0

5.5

6.0
chemical shift (ppm)

80 75 7.0 65

9.0 8.5

11.0 10.5 10.0 9.5

L9l
ccc.hhv
SETLL

FOEOTT
mmm.HmH.M
90L°9TT~
8¥S8T1
ESLBTT
80S9ET~
66T6ET—

9e¥6F1—

S61°LET—

2w
C NMR (CDCl;, 101 MHz)

30 20 10

40

80 70 60

120 110 100 90

130

160 150 140

190 180 170

210 200

chemical shift (ppm)

S28



2X

sl
P
N
"H NMR (CDCls, 400 MHz)

|

7.5

||

A

A

r0'T
M\::.H
00°T
] 00T
J_EA

00t
00T

0.0

1.0 05

25 20 LS5

3.0

45 40 35

5.0

55

6.0

7.0 6.5

8.0

11.0 10.5 10.0 95 90 85

chemical shift (ppm)

9pL 9L
000°LL
ssTil”

ZN.mS
_EGS/
E6L°LTT:
PLLBITY
PLGEET—
S9T9ET-T
;4.5\
0T0°8FT

m_:.m:v

2X

C NMR (CDCl;, 101 MHz)

20 10

30

120 110 100 90 80 70 60 50 40

140 130

180 170 160 150

190

210 200

chemical shift (ppm)

S29



0St°L
£SH'L
0Ly'L
98¥°L
06¥°L
£6Y°L
POS'L
6Is'L
PTS'L
e
9ps'L
069°L
969°L
£0L°L
BOL L
o |
P8L'L
88 L%
108°L
908°L

9¥9°8-
'8
6598 )

£99°8

Ph
R
s
N
2y
'H NMR (DMSO-d,, 400 MHz)

00°E
007
kooz

=00°T

1.0 05 0.0

1.5

2.0

50 45 40 35 30 25

5.5
chemical shift (ppm)

85 80 75 70 65 6.0

10.0 9.5 9.0

11.0 10.5

0St°L
£SH'L
0Ly'L
98¥°L
06¥°L
£6Y°L
POS'L
6Is'L
PTS'L
e
9ps'L
069°L
969°L
£0L°L
BOL L
o |
P8L'L
88 L%
108°L
908°L

9¥9°8-
'8
6598

£99°8

Ph

T
e

N
2%y

'H NMR (DMSO-d,, 400 MHz)

00°E
007
kooz

=00°T

1.0 05 0.0

1.5

2.0

50 45 40 35 30 25

5.5
chemical shift (ppm)

85 80 75 70 65 6.0

10.0 9.5 9.0

11.0 10.5

S30



6LTL
8L
S6TL
867L
EEL
9EE°L
oPEL
PPEL
LYEL
0SE°L
€5E°L
SSEL
6SE°L
29¢°L
$9€°L
89€°L
ISh'L
£5b°L
PSP LA
ost L
99%°L
89p°L
6O¥°L
wrL
08p'L
£8F°L
S8h'L
88h°L
06v'L
6hL
S6b°L
00S°L
POS°L
S0S°L
LOS'L
TIs'L
SIS'L

Ph

Cl
2z
'H NMR (CDCls, 400 MHz)

0.0

1.0 05

30 25 20 15

3:5

50 45 4.0

80 75 7.0 65 60 55

8.5

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

089°9L
ooa.hhw

TeELL

6IF'STI
6LE'STI
T€6°971
$56°9T1

~mh.hu—\ﬁ

16°L21
ST6°LTT
€L5°8T1
865°871
$59°871

02061
S9T0ET
LIF'SET

08p'sET
690°LET]
ZETLET

s asT
ovs 001

ﬁ

|

Ph
Cl
2z
3C NMR (CDCl;, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S31



LTo'E
SPIL
8YI°L
SST°L
8ST'L
ELT'L
88I°L
681°L
vOT'L
8I¢°L
1L
8TE'L
TEEL
EEEL
9ee’L
EPEL
9vE’L
LSE'L
19¢€°L
PoE'L
0LE'L
VLE'L
SLE'L
9LE'L
08€°L
L8E'L
06¢°L
€6E°L
9r'L
oTr'L
'l
€L
€EVLA
SEP'L
9Er’L
8EP'L
6EV'L
Lyy'L
6vb'L
0s¥'L
Ist'L
€SP°L
8LE'L
€85°L
v88°L
988°L
L8S'L
88¢°L
S68°L
86S°L
668°L

T09°L
€09°L

Ph

MeO

F
2aa

'H NMR (CDCls, 400 MHz)

ki

80 75 7.0 65 6.0

=

96°C

00°T
00°T
T0°T
8670
007
007

0.0

30 25 20 15 1.0 05

50 45 4.0 35

5.5

8.5

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

785798
$09°95

189°9L
T00°LL
m—m.hh.\

189°LTI
STEETT
18€ETT
8TLTT
:E:W
9L9°871
665°LET-
e
1o1r0r17
E6°8FT
$60°6HT
820°EST—
pro'ssT/

6LTTIT
PrETIL
—Nm.h:/

Ph

MeO

F
2aa

3C NMR (CDCl;, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S32



£E5°E
LYTL
0ST'L
£ST'L
€8T°L
981°L
G8T'L
9¢6°L
SOE°L
89€°L
SLEL
6LEL
08€°L
I8€°L
S8E°L
T6E°L
S6EL
86€°L
LIPL
oTrL
L
yerL
PEVL
SEP'L
LEPL
6Eb°L
oPbL
L¥b L
GhhL
ISPL
L
PSp L
985°L]
165°L
68°L
P6S'L
$65°L1
865°L
109°L
09°L
909°L
L09°L
609°L

019°L

Ph

OMe

FsC

2ab
"H NMR (CDCl;, 400 MHz)

80 75 7.0 65 6.0

=L6'T

00T
860
S0'7
“o0e

0.0

1.0 05

30 25 20 15

50 45 4.0 35

5.5
chemical shift (ppm)

8.5

9.0

11.0 10.5 10.0 9.5

£69'S§—

667011
8ST'ETL
T6T'ETL
ETTEN
PSTETL
187071
soreel
BSLUETT
T6L°€ETT
mmw.mN:
9E8'ETT
69S°PT1
€IL°9TTH
SLT'LTT ﬁ
LEE'8TT
0TL 8TTH
679" 1E T
S88°TET
OPTTET
96€°TET~E
LTOLET~

EPI6ET
mmﬂ.mmﬂ%

ELT6ET
061°6ET
£98°8S1
088°8ST
L68'8ST
£16°'8ST

Ph

OMe

FsC

2ab
BC NMR (CDCl;, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S33



678'€~,
ys8'€”

08€°L
18€°L
S6E°L
8IFL
614'L]
wrL
5L
gk L]
sepL
LL
8HPL
6L
0sPL
s8sL
L8S'L
885'L
065°L
0092
209°L

el
w

€09°L
$09°L

Ph

OMe

MeO

OMe
2ac
"H NMR (CDCl5, 400 MHz)

Lk

=668

*=86'T

68°0
€17
o077

0.0

1.0 05

40 35 30 25 20 15

5.0 45

5.5

6.0
chemical shift (ppm)

7.0 6.5

75

8.0

100 95 9.0 85

11.0 10.5

T€T9s—
w0809 —

089°9L
ccc.th
TIELL

8¥9°901—

SEI'LTIN
8SE'8717
99L°871

zeg'eer”
ObL'BET
Sop TP

676°TST—

Ph

OMe

MeO

OMe
2ac
3C NMR (CDCl5, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S34



SEL'T
9£LT
weL
EPE'L
PPEL
SPEL
OPEL
LYEL
19€°L
POE°L
LOEL
SLEL
8LEL
6LEL
08€°L ﬁ
PREL

06€°L
£6€°L
P6EL
L6EL
€L
LTrL
8THL
osrL
orrL
L
ErPL
SPYL
obhL
PSPL
9Sh°L
LSP'L
8SP'L
09p°L
088°L1
S8S°L
985°L
285°L
065°L
L6S'L

£09°L
S09°L

PPS 8~
655°87

009°L
—oo.h%

Ph

~
s

N
2ad
"H NMR (CDCls, 400 MHz)

Me

|

80 75 7.0 65 6.0

*=L6'T

66°0
mg.m
670

007

=001

0.0

30 25 20 15 1.0 05

50 45 4.0 35

5.5

8.5

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

wLri—

089°9L
ooo.:.W
TZE°LL

LIS 6II
vmw.o:V
9LT’LTL
Nmm.hmﬁV
mwm.m:.\

919861~

08L I~
8888V I~

€LO'8ST—

Ph

~N
—

N
2ad
*C NMR (CDCl;, 101 MHz)

Me

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S35



LTTL
0£T°L
WL
SHT'L
89¢°L
ILE'L
PLEL
8E'L
P8E°L
98¢°L
88€°L
06€°L
86€°L
b'L
L
pShL
LSh'L
sshL
09¥°L
oLrL
ELV'L
ELV'L
oLpL
LL¥L
S8bL
L8P'L
68¥°L
I6+'L
6LLL
8L
956°L
096°L
196°L1
£96°L
$96°L
L6'L
SL6'L

L

8L6'L~
186°L
6Er’8
Psh'8

Cl

G
~

N
2ae
"H NMR (CDCl;, 400 MHz)

Ph

=001
10T
H/S.N
=660
00T

=00°T

0.0

1.0 05

30 25 20 15

3:5

50 45 4.0

80 75 7.0 65 60 55

8.5

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

089'9L
ooo.EW
TZE€LL

8T TTI
9s°zT1

99€°LT1—
L£59'8T1/]
06L°6T1

0615617
9956517

LIT8PI—

LL9"9ST—

Cl

e
o,

N
2ae

Ph

3C NMR (CDCl;, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 8 70 60

170 160

190 180

210 200

chemical shift (ppm)

S36



199°9
£99°9
9L9°9
LL9'91
6L9°9
089°9
769°9
$69°9
0LE'L
ELEL
9LE'L
£8€°L
98€°L
88E°L
06€°L
T6E°L
00F'L
€0P'L
90P°L
PEP'L
SSP'L
8SP'L
19v°L
oLr'L
'L
ELV'L
PLY'L
9ULP'L
LL¥'L
S8P'L
88"L|
689" LA
164"L]
LOS'L
LIS'L
775°L
TeS'L
LES'L
LYS'L
959°L
659°L
9L
PLO'L
£56'L
8S6°L
656°L
196°L
£96°L
0L6'L
£L6°L
9L6°L
8L6°L

2af
"H NMR (CDCl;, 400 MHz)

0.0

30 25 20 15 1.0 05

55 50 45 4.0 35
chemical shift (ppm)

80 75 7.0 65 6.0

8.5

9.0

11.0 10.5 10.0 9.5

089'9L
:cc.th
TZeLL

66£°801
6SE°801

PI9°8II
LEY'STI
£9P°LTT
vg.m:M
9pL'6T17
E£ET'SET
9ST'SET
LTOTHT
260°TF1

LTL'¥ST
0r8 ST

$90°' 19T~
180°€9T

30 20 10

40

60

2af
*C NMR (CDCl;, 101 MHz)
70

100 9 80

S37

110
chemical shift (ppm)

120

150 140 130

170 160

180

190

210 200



96
SSE'L
8SE'L
19€°L
L9EL
ILE'L
we'L
ELE'L
8LEL
P8EL
L8EL
06€°'L
80P'L
ar'L
ETH'L
SIFL
STL
LTL
e |
osh'L
I€p'L
6EPL
'L
WL
EPpL
SthL
6LYL
L
S8bL
9Ts'L
TEs'L
Tes'L
pesLy
9€5L
Ebs'L
ors'L
LPS'LA

ovsL]
—mm.h.\

8EI'8
6E1'8
wI's

wI's
LOS'8
80$°8
01£°8
TI$°8

N

e

i =
a o
o

<

\ &

/ z 8 =
i N m\

s

o z
= T

*=L6'T

t6°0
60°C
T0°T
0T

=660

=660

0.0

1.0 05

3.0 25 20 15

3:5

50 45 4.0

80 75 7.0 65 60 55

8.5

9.0

11.0 10.5 10.0 9.5

chemical shift (ppm)

BER'SS—

189°9L
T00°LL
m—m.hh.\

88T ETT—

9PR°LTT
S88°LTT
£20°6T1—
TITPEL~
0€E"SET
T0S'SET
TE€9EPT—

BIP'SST—

2ag
C NMR (CDCls, 101 MHz)

30 20 10

40

150 140 130 120 110 100 S0 80 70 60

170 160

190 180

210 200

chemical shift (ppm)

S38



808'F
018'%
8L5°9
1850
€659
965°9
S60°L
860°L
orr'L
€Ir'L
sTrL
87I'L
0€T'L
€ETL
SPI'L
SPI'L
091°L
£91°L
681'L
161°L
£6T°L
PeT'L
96T'L
P0T'L
S07'L
207'L
807°L
607°L~
L
0TTL
€2TL
SET'L
8€7°L
PEEL
LEE'L
GrEL
seL
POE'L
LOE'L
T0L'L
S0L'L
9IL'L
GIL'L
ST6'L
876°L
or6'L

€V6°L

6H-benzo|c|chromene

"H NMR (CDCls, 400 MHz)

|

I

=86°T

=00°T

£0°C
J::.N
00°T
=001
=00°T

0.0

1.0 05

20 15

2.5

40 35 3.0

5.0 45

5.5

6.0
chemical shift (ppm)

7.0 6.5

75

8.0

100 95 9.0 85

11.0 10.5

067°69—
T89°9L
T00°LL
wﬁm.hh\

I8TSIT—
6T ETT
968°€TI~
mwm.mmﬁ.\\.
€89°STT
SE9°LTT
¥89°LTT
P6L'LTT
L1148 141
BP0 PETL

T0TEST—

6H-benzo[c]chromene

*C NMR (CDCl5, 101 MHz)

i

u

170 160 150 140 130 120 110 100

80 70 60 40 30 20 10

90

190 180

210 200

chemical shift (ppm)

S39



