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I. General remarks

NMR spectra were obtained on an Agilent 400-MR DD2 or a Bruker AV II-400
spectrometer. The "H NMR (400 MHz) chemical shifts were measured relative to CDCl; or
DMSO-ds as the internal reference (CDCls: § = 7.26 ppm, DMSO-ds: § = 2.50 ppm). The
“C NMR (100 MHz) chemical shifts were given using CDCl; or DMSO as the internal
standard (CDCls: § = 77.16 ppm, DMSO-ds: § = 39.52 ppm). High resolution mass spectra
(HR-MS) were obtained with a Shimadzu LCMS-IT-TOF (ESI). Melting points were
determined with XRC-1 and are uncorrected. Sb and Sb’ were separated by Water 2489
UV/Visible Detector. Absolute quantum yield was collected on a Horiba Jobin Yvon-Edison
Fluoromax-4 fluorescence spectrometer with a calibrated integrating sphere system.

Unless otherwise noted, all reagents were obtained from commercial suppliers and used
without further purification. Sulfonamide derivatives were prepared according to the
literature procedures.’ 1,4-dioxane, dichloroethane (DCE), tetrahydrofuran (THF), and
N,N-dimethylformamide (DMF) were dried with an innovative technology solvent
purification system (model no.:PS-MD-3).

II. Optimization of the reaction conditions

A Schlenk tube with a magnetic stir bar was charged with catalyst, oxidant, additive,
N-(o-tolylsulfonyl)acetamide 1a (42.7 mg, 0.2 mmol, 1.0 equiv.) and benzothiophene 2a
(80.6 mg, 0.6 mmol, 3.0 equiv.) under air. Then the Schlenk tube was evacuated and refilled
with O,or N, three times. Next, solvent (1.0 mL) was added. The Schlenk tube was then
sealed with a Teflon lined cap. The resulting solution was stirred at the indicated
temperature for 24 hours and then diluted with 5 mL of dichloromethane. The mixture was
filtered through a celite pad and washed with 10-20 mL of dichloromethane. The yield of 3a
was determined by 'H NMR analysis of the crude product using dibromomethane (0.3
mmol, 21 pL) as internal standard.

Table S1. Screening of catalysts“
Catalyst

\\// N <j© u(OAc),-H,0 (1.5 equiv)
H PivOH (1.0 equiv), 1,4-dioxane

(1.0 mL), 150 °C, 24 h

1a 2a
Entry Catalyst Yield (%) Entry Catalyst Yield (%)
(mol%) (mol%)
1 RhCl3-3H:0 (10) 9 6 [Cp*TrCL]:(S) nd
2 [Cp*RhCL]: (5) 12 7 [CoCp*(CO)L] (S) nd
3 [Rh(cod)Cl] (10) 12 8 [Ru(p-cymene)CL],(10) nd
4 Rh(PPh;)sCl1 (10) 15 9 - nd
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5 Pd(OAc):(5) nd

“Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.6 mmol, 3.0 equiv), catalyst (5-10 mol%),
Cu(OAc)2-H,O (1.5 equiv), PivOH (1.0 equiv), 1,4-dioxane (1.0 mL), 150°C, under N for 24 hours.
byields were determined based on 'H NMR with dibromomethane as internal standard. nd = not
detected. Cp* = 1,2,3,4,5-pentamethylcyclopentadienyl. cod = 1,5-cyclooctadien. PivOH = pivalic

acid
Table S2. Screening of oxidants*

RNCl3-3H,0 (10 mol%)

S\NJ\ . @ oxidant (1.5 equiv) O
H N\
PivOH (1.0 equiv), 1,4-dioxane

H
(1.0 mL), 150 °C, 24 h
1a 2a
Entry  oxidants (equiv)  vield (%)h Entry oxidants (equiv) Yield (%)h

1 Cu(NOs3).(1.5) nd 7 BQ(1.5) nd

2 Cu(acac)2(1.5) nd 8 O nd

3 Cu(OTE)(1.5) nd 9 Cu(OAc)»H0 (1.0) 46
/02

4 Ag0 (1.5) nd 10 Cu(OAc)H,0 (0.5) 37
/02

S Ag.COs(1.5) nd 11 Cu(OAc)»H,0 (1.0) 15
/air

6 Oxone (1.5) nd

Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.6 mmol, 3.0 equiv), RhCL:-3H,O (10 mol%),
oxidant (1.5 equiv), PivOH (1.0 equiv), 1,4-dioxane (1.0 mL), 150°C, under N; for 24 hours. ‘yields were
determined based on 'H NMR with dibromomethane as internal standard. nd = not detected. BQ =

1,4-Benzoquinone.

Table S3. Screening of solvents®

RhCl3-3H,0 (10 mol%)
Cu(OACc),:H,0 (1.0 equiv)

00 O
\ 7/ S
s, 8
H \ :
H PivOH (1.0 equiv), solvent

(1.0 mL), 0,150 °C, 24 h

1a 2a

Entry  solvent  vyjeld (%)h Entry solvent Yield (%)h
1 DCE S5 4 DMSO nd
2° THF 36 S t-AmylOH trace
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3 DMF 2S5

“Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.6 mmol, 3.0 equiv), RhCl-3H,O (10 mol%),
Cu(OAc)»-H:0 (1.0 equiv), PivOH (1.0 equiv), solvent (1.0 mL), 150°C, under O; for 24 hours. *yields
were determined based on 'H NMR with dibromomethane as internal standard. ‘120 °C. nd = not
detected. DCE = 1,2-dichloroethane. THF = tetrahydrofuran. DMF = N,N-dimethylformamide.
t-AmylOH = tert-amyl alcohol

Table S4. Screening of additives*

.0 @ RhCl3-3H,0 (10 mol%)

s . <j© Cu(OAc)2H,0 (1.0 equiv)
additive, DCE (1.0 mL)

Iz

: 0,,150 °C, 24 h
1a 2a
Entry additive (equiv) Yield (%)  Entry additive (equiv) Yield (%)

1 PivOH (1.0)/AgSbFs(0.2) trace 7 MesCOOH (1.0) 52

2 K:HPO.(1.0) trace 8 AdCOOH (1.0) 68

3 K:CO5(1.0) trace 9 AdCOOH (1.0)/CsOPiv (0.3) <10

4 - 45 10 AdCOOH (1.0)/AcOH (0.3) 72

S TFA (1.0) 39 11 AdCOOH (1.0)/AcOH (0.5) 66

6 AcOH (1.0) 64 12 AdCOOH (1.0)/AcOH (0.3)/ 76/72¢

H,0 (3.0)

“Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.6 mmol, 3.0 equiv), RhCl;-3H,O (10 mol%),
Cu(OAc)»H:0 (1.0 equiv), additive, DCE (1.0 mL), 150°C, under O; for 24 hours. ‘yields were
determined based on 'H NMR with dibromomethane as internal standard. ‘solated yield. TFA =
trifluoroacetic acid. AcOH = acetic acid. MesCOOH = 2,4,6-trimethylbenzoic acid. AACOOH =

1-adamantanecarboxylic acid

Table SS. Optimization of other reaction parameters*

.0 9 RhCl3+3H,0 (10 mol%)

H
AdCOOH (1.0 equiv), ACOH (0.3 equiv)

H H,0 (3.0 equiv), DCE,150 °C, Oy, 24 h
1a 2a
Entry Variation Yield (%)l1 Entry Variation Yield (%)b
1 DCE (0.5mL) 46 5 140 °C 33
2 DCE(20mL) 63 6 RhCls-3H20 (5 mol%) 44
3 12h S5 7 2a (2.0 equiv) 61
4 36h 70 8 N-(o-tolylsulfonyl)pivalamide ~ n.d.
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“Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2a (0.6 mmol, 3.0 equiv), RhCl3-3H,O (10 mol%),
Cu(OAc)»-H;0 (1.0 equiv), AACOOH (1.0 equiv), AcOH (0.3 equiv), H,O (3.0 equiv), DCE (1.0 mL),
150°C, under O, for 24 hours. ‘yields were determined based on 'H NMR with dibromomethane as
internal standard. “The replacement of 1a with N-(o-tolylsulfonyl)pivalamide. n.d. = no detected.

III. General procedure for the RhCl;-catalyzed oxidative C-H/C-H cross-coupling of

(hetero)aromatic sulfonamides with (hetero)arenes

Q0 9 RhCl-3H,0 (10 mol%) Qe 9
‘:S\NJ\ Cu(OACc),-H,0 (1.0 equiv) S\NJ\
OE RO, o¢

H AdCOOH (1.0 equiv), AcOH (0.3 equiv) °
H,0 (3.0 equiv), DCE, 0,,150 °C, 24 h
Procedure A:

A Schlenk tube with a magnetic stir bar was charged with aryl sulfonamide 1 (0.2 mmol), 2
(0.6 mmol), RhCl3-3H,O (5.3 mg, 0.02 mmol), Cu(OAc),-H0 (40.0 mg, 0.2 mmol), and
AdCOOH (36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was evacuated and refilled
with O, three times. Next, AcOH (3.4 uL, 0.06 mmol), H,O (10.8 pL, 0.6 mmol) and DCE
(1.0 mL) were added. The Schlenk tube was then sealed with a Teflon lined cap and the
mixture was heated at 150 °C for 24 hours. The reaction solution was then cooled to ambient
temperature, diluted with S mL of dichloromethane, filtered through a celite pad and washed
with 10-20 mL of dichloromethane. The filtrate was collected and concentrated. The residue
was purified by column chromatography on silica gel to provide the desired product 3 or 4.

Procedure B:

A Schlenk tube with a magnetic stir bar was charged with aryl sulfonamide 1 (0.2 mmol), 2
(10.0 mmol or 0.5 mL), RhCl-3H,0 (5.3 mg, 0.02 mmol), Cu(OAc)>H;O (40.0 mg, 0.2
mmol), and AACOOH (36.0 mg, 0.2 mmol), under air. Then the Schlenk tube was
evacuated and refilled with O, three times. Next, AcOH (3.4 pL, 0.06 mmol), H,O (10.8 pL,
0.6 mmol) and DCE (1.0 mL or 0.5 mL) were added. The Schlenk tube was then sealed with
a Teflon lined cap and the mixture was heated at 150 °C for 24 hours. The reaction solution
was then cooled to ambient temperature, diluted with 5 mL of dichloromethane, filtered
through a celite pad and washed with 10-20 mL of dichloromethane. The filtrate was
collected and concentrated. The residue was purified by column chromatography on silica
gel to provide the desired product §

IV. General procedure for the removal of acetyl group
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KOH (30 equiv)

MeOH, 110°C, 24h

6, 87%

A Schlenk tube with a magnetic stirring bar was charged with
N-((2-(benzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl)acetamide 3a (33.8 mg, 0.1
mmol), and KOH (168.3 mg, 3.0 mmol) under air. Then the Schlenk tube was evacuated
and refilled with N, three times. Next, MeOH (1.5 mL) was added. The Schlenk tube was
then sealed with a Teflon lined cap and the mixture was heated at 110 °C for 24 hours. After
being cooled to room temperature, the reaction was diluted with dichloromethane (15 mL).
And then 2M HCl aqueous solution (15 mL) was added. Organic phase was separated, dried
over MgSO, filtered, and evaporated under vacuum. Purification via silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1, v/v) afforded the desired product 6
as a white solid (26.3 mg, 87% yield).

V. Synthesis of compound 7

O

\ /7

YN %2 1
h 1) NBS, CHCI3/AcOH

Y

S\NJ\ 2) Cul, N,N-dimethylglycine

0°Ctor.t.
89%

KsPO,, DMF, 140 °C
55%

3a T 7

N-bromosuccinimide (89 mg, 0.5 mmol) was added stepwise to a solution of
N-((2-(benzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl)acetamide 3a (138 mg, 0.4 mmol)
in chloroform (3.0 mL) and acetic acid (3.0 mL). Then the mixture was stirred at 0 °C for 4

h and allowed to stir at room temperature for 24 h. Then chloroform was added and the

resulting mixture was successively washed with saturated sodium thiosulfate solution,

saturated sodium carbonate solution and water. The organic layer was then dried over

MgSO,, filtered and evaporated. Purification via silica gel column chromatography

(petroleum ether/ethyl acetate/methanol = 10/1/0.05, v/v/v) afforded the desired product

7" as a light yellow solid (150.2 mg, 89% yield).

A flame-dried Schlenk test tube with a magnetic stirring bar was charged with
N-((2-(3-bromobenzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl)acetamide (84.9 mg, 0.2
mmol), Cul (7.6 mg, 0.04 mmol), N,N-dimethylglycine hydrochloride (5.6 mg, 0.04 mmol),
K;PO, (89.2 mg, 0.42 mmol) under air. Then the Schlenk tube was evacuated and refilled
with N, three times. Next, DMF (1.5 mL) was added. The Schlenk tube was then sealed with
a Teflon lined cap and the mixture was heated at 140 °C for 24 hours. The resulting solution
was cooled to ambient temperature, diluted with 20 mL of CH,ClL, filtered through a celite
pad, and washed with 10-20 mL of CH,CL. The organic extract was washed with water,

dried over Na;SO4 and concentrated under reduced pressure. Purification via silica gel
S7



column chromatography (petroleum ether/ethyl acetate/methanol = 10/1/0.0S5, v/v/v)
afforded the desired product 7 as a white solid (33.1 mg, 55% yield).

VI. Synthesis of compounds 8 and 9

HCI, POCl; R O S / O

100°C, 24h S

8,79%

A flame-dried Schlenk test tube with a magnetic stirring bar was charged with
N-((2-(benzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl)acetamide 3a (34.5 mg, 0.1
mmol), concentrated hydrochloric acid (0.2 mL) and POCl; (1.8 mL) under air. The
resulting mixture was stirred for S min at room temperature, and then heated at 100 °C for
24 h. Then the mixture was cooled and carefully poured on crushed ice. Organic phase was
separated, dried over MgSOs, filtered, and evaporated. Purification via silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1, v/ v) afforded the desired product 8
as ayellow solid (22.5 mg, 79% yield).

\ /s

HCI, POCl3

100°C, 24h O O

9,81%

A flame-dried Schlenk test tube with a magnetic stirring bar was charged with
N-((3-methyl-[1,1"-biphenyl]-2-yl)sulfonyl)acetamide Sa (29 mg, 0.1 mmol), concentrated
hydrochloric acid (0.2 mL) and POCl; (1.8 mL) under air. The resulting mixture was stirred
for 5 min at room temperature, and then heated at 100 °C for 24 h. Then the mixture was
cooled and carefully poured on crushed ice. Organic phase was separated, dried over MgSOs,
filtered, and evaporated. Purification via silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1, v/v) afforded the desired product 9 as a white solid (18.7 mg, 81%

yield).
VII. Mechanism study

(i) The H/D exchange experiments for the coupling partners 1a and 2a

00 O RhCl3:3H,0 (10 mol%) 00 9
g Cu(OAC),H,0 (1.0 equiv) g M
N" ™+ po N
H ~ AdCOOD (1.0 equiv), AcOD (0.3 equiv) H/D
H (20 equiv) DCE, 0,, 150 °C, 2 h
1a 5% [D]-1a
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A Schlenk tube with a magnetic stir bar was charged with N-(o-tolylsulfonyl)acetamide 1a
(42.7 mg, 0.2 mmol), RhCL:-3H,O (5.3 mg, 0.02 mmol), Cu(OAc)-H,O (40.0 mg, 0.2
mmol), and AdCOOD (36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was evacuated
and refilled with O, three times. Next, AcOD (3.4 pL, 0.06 mmol), D,O (72 pL, 4.0 mmol)
and DCE (1.0 mL) were added. The Schlenk tube was then sealed with a Teflon lined cap
and the mixture was heated at 150 °C for 2 hours. The reaction solution was then cooled to
ambient temperature, diluted with S mL of dichloromethane, filtered through a celite pad
and washed with 10-20 mL of dichloromethane. The filtrate was collected and concentrated.
The residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 2/1/0.1, v/v/v) to provide [D]-1a. The deuterium incorporation was
calculated from "H NMR analysis.

OO ONT~-DF OO (] o
00 00 T b T O B O O O O o~ o~
~ e [‘
o0 9
S‘N)J\ ”
A ) |
H/D l /
5% [D]-1a
[or N o N ~OFHOCO
(e R | MNANO D=L M —i O
— wnw0w MMM MAN
0 © L S e e e
Y4 51 | "
A
M ﬂ,\ "UV\
J! \x, I L»j ' \\J\_ _
8.4 8.2 8.0 7.8 7.6 7.4 7.2
f1 (ppm)
— y, AM S J___.M‘ L
T A T U
7o) o — ) -
o SO — (=} L= ]
S S —— - 1 : —— ,
12.5 11.5 10.5 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

RhCl3-3H,0 (10 mol%)

) Cu(OAC),-H,0 (1.0 equiv) s
H— + D,0 =~ DIH=Q
AdCOOD (1.0 equiv), AcOD (0.3 equiv)

(20 equiv) DCE, 0,5, 150 °C, 2 h
2a 40% [D]-2a

A Schlenk tube with a magnetic stir bar was charged with benzothiophene 2a (80.6 mg, 0.6
mmol), RhCL-3H,0 (5.3 mg, 0.02 mmol), Cu(OAc).-H.O (40.0 mg, 0.2 mmol), AACOOD
(36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was evacuated and refilled with O
three times. Next, AcOD (3.4 yL, 0.06 mmol), D>O (72 pL, 4.0 mmol) and DCE (1.0 mL)
were added. The Schlenk tube was then sealed with a Teflon lined cap and the mixture was
heated at 150 °C for 2 hours. The reaction solution was then cooled to ambient temperature,
diluted with 5 mL of dichloromethane, filtered through a celite pad and washed with 10-20
mL of dichloromethane. The filtrate was collected and concentrated. The residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 30/1, v/v)
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to provide [D]-2a. The deuterium incorporation was calculated from "H NMR analysis.

AN T “/ T
'/ J
/ '
S
40%[D}-2a
|
M “/
} \ 1, "l \ | ‘,’
- ,J{ U K o 74\7_/.\\L// \,J’ \, - R
g g
S5 84 853 82 81 80 79 18 17 16 15 14 73 12 11 10 69
f1 (ppm)
RhCl3-3H,0 (10 mol%)
Cu(OACc)»-H,0 (1.0 equiv)
1a + 2a + D,O » [D]-1a + [D]-2a
_ AdCOOD (1.0 equiv), AcOD (0.3 equiv)  go o
(20 equiv) DCE, O,, 150 °C, 2 h ° A%

A Schlenk tube with a magnetic stir bar was charged with N-(o-tolylsulfonyl)acetamide 1a
(42.7 mg, 0.2 mmol), benzothiophene 2a (80.6 mg, 0.6 mmol), RhCl;-:3H,O (5.3 mg, 0.02
mmol), Cu(OAc)»H,O (40.0 mg, 0.2 mmol), AACOOD (36.0 mg, 0.2 mmol) under air.
Then the Schlenk tube was evacuated and refilled with O, three times. Next, AcOD (3.4 pL,
0.06 mmol), D,O (72 pL, 4.0 mmol) and DCE (1.0 mL) were added. The Schlenk tube was
then sealed with a Teflon lined cap and the mixture was heated at 150 °C for 2 hours. The
reaction solution was then cooled to ambient temperature, diluted with S mL of
dichloromethane, filtered through a celite pad and washed with 10-20 mL of
dichloromethane. The filtrate was collected and concentrated. The residue was purified by
column chromatography on silica gel to provide [D]-1a and [D]-2a and 3a (20.7 mg, 30%
yield). The deuterium incorporation was calculated from 'H NMR analysis.
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(ii) Kinetic isotope experiments
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W \\ /,
S\Hk [CP*RNCly] (5 mol%) S\Hk
H NaOAc (1.0 equiv) D
D,0, 110 °C
1a [D]-1a, 84%

Preparation of N-((2-methylphenyl-6-d)sulfonyl)acetamide ([D]-1a) : A flame-dried
Schlenk test tube with a magnetic stirring bar was charged with N-(o-tolylsulfonyl)acetamide
1a (42.7 mg, 0.2 mmol), NaOAc (16.4 mg, 0.2 mmol), [Cp*RhCL], (6.3 mg, 0.01 mmol)
under air. Then the Schlenk tube was evacuated and refilled with N, three times. Next, D,O
(0.5 mL) was added. The Schlenk tube was then sealed with a Teflon lined cap and the
mixture was heated at 110 °C for 24 hours. The resulting solution was cooled to ambient
temperature, diluted with 20 mL of CH,CL, filtered through a celite pad, and washed with
10-20 mL of CH,ClL. The organic extract was washed with water, dried over Na,SO4 and
concentrated under reduced pressure. Purification via silica gel column chromatography
(petroleum ether/ethyl acetate/methanol = 4/1/0.1, v/v/v) afforded the desired product
[D]-1a as a white solid (36.0 mg, 84% yield).'H NMR (400 MHz, CDCL): § = 2.07 (s,3H),
2.66 (s,3H),7.33 (d,] = 7.6 Hz, 1H), 7.38 (d,] = 7.2 Hz, 1H), 7.53 (t, ] = 7.6 Hz, 1H) ppm.
13C NMR (100 MHz, CDCL): § = 20.4, 23.5, 126.5, 132.6, 132.8, 134.3, 136.5, 137.7, 168.6

y _<°‘I> mBuli, THE - _{:@
\ D,0, -78 °C \

2a [D]-2a

Preparation of 2-deutero-benzothiophene ([D]-2a)> : A stirred solution of
benzothiophene 2a (20 mmol) in dry THF (40 mL) under nitrogen was cooled to -78 °C
and nBulLi (2.5 M solution in hexane, 30 mmol ) was added dropwise. The resulting mixture
was stirred for 2 hours at -78 °C. D20 (9 mL) was added to the reaction system and allowed
to stir at room temperature for 2 hours. The suspension was extracted with water extracted
with ethyl acetate three times. The organic extract was dried over Na,SO.4 and concentrated
under reduced pressure. Purification via silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1, v/v) afforded the desired product [D]-2a as a white solid (2.2 g
81% yield).'H NMR (400 MHz, CDCL;): § = 7.34-7.40 (m, 3H), 7.84 (d, ] = 7.2 Hz, 1H),
7.90 (d,J=7.6 Hz, 1H) ppm.

00 O 0
A RhCl3:3H,0 (10 mol%) Y
S\NJ\ S Cu(OAC)H,0 (1.0 equiv) O
y H o+ H=N AdCOOD (1.0 equiv), AcOD (0.3 equiv)

D,0 (3.0 equiv), DCE, O,, 150 °C

1a 2a

Q.p RhCl3-3H,0 (10 mol%)
S\NJ\ s Cu(OAC),-H,0 (1.0 equiv) O
5 Ho o+ H_<\J© AdCOOD (1.0 equiv), AcOD (0.3 equiv)

D,O (3.0 equiv), DCE, O,, 150 °C
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A Schlenk tube with a magnetic stir bar was charged with N-(o-tolylsulfonyl)acetamide 1a
(42.7 mg, 0.2 mmol) or [D]-1a (42.9 mg, 0.2 mmol), benzothiophene 2a (80.6 mg, 0.6
mmol), RhCl:-3H,0 (5.3 mg, 0.02 mmol), Cu(OAc),-H,O (40.0 mg, 0.2 mmol), AACOOD
(36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was evacuated and refilled with O,
three times. Next, AcOD (3.4 uL, 0.06 mmol), D,O (10.8 pL, 0.6 mmol) and DCE (1.0 mL)
were added. The Schlenk tube was then sealed with a Teflon lined cap and the mixture was
heated at 150 °C for designated time (1.0 hour, 1.5 hours, 2.0 hours, 2.5 hours). The
reaction solution was then cooled to ambient temperature, diluted with S mL of
dichloromethane, filtered through a celite pad and washed with 10-20 mL of
dichloromethane. The filtrate was concentrated and the yield of 3a was determined by '"H
NMR of the crude product using CH,Br; as internal standard.

03

y=0.078x+ 0.076
0.25 /

RT=0.9909

~
& 02
=
5 0.15 ./ y=0 F?ZGf ; 0.07 ¢ non-deuterated
- =
s 01 W deuterated
z O

0.05

0
0 1 2 3
t/h

KIE =0.078/0.06 = 1.3

,9 RhCl3-3H,0 (10 mol%)
N S Cu(OACc),-H,0 (1.0 equiv)
H N AdCOOD (1.0 equiv), AcOD (0.3 equiv) O

D,0 30eqUIv) DCE, O,, 150 °C

1a 2a

/ RhCl3-3H,0 (10 mol%)
S Cu(OACc),-H,0 (1.0 equiv)
PN AdCOOD (1.0 equiv), AcOD (0.3 equiv) O

D,O 30eqUIv) DCE, O,, 150 °C

1a [D]-2a
A Schlenk tube with a magnetic stir bar was charged with N-(o-tolylsulfonyl)acetamide 1a
(42.7 mg, 0.2 mmol), benzothiophene 2a (80.6 mg, 0.6 mmol) or [D]-2a (81.1 mg, 0.6
mmol), RhCL-3H,0 (5.3 mg, 0.02 mmol), Cu(OAc).-H.O (40.0 mg, 0.2 mmol), AACOOD
(36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was evacuated and refilled with O,
three times. Next, AcOD (3.4 uL, 0.06 mmol), D,O (10.8 pL, 0.6 mmol) and DCE (1.0 mL)
were added. The Schlenk tube was then sealed with a Teflon lined cap and the mixture was
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heated at 150 °C for designated time (1.0 hour, 1.5 hours, 2.0 hours, 2.5 hours). The
reaction solution was then cooled to ambient temperature, diluted with S mL of
dichloromethane, filtered through a celite pad and washed with 10-20 mL of
dichloromethane. The filtrate was concentrated and the yield of 3a was determined by '"H
NMR of the crude product using CH,Br; as internal standard.

03

y =0.078x+ 0.076
0.25 R2=0.9909 et

o

%]
i

|

@
\
\
@
\

NMR Yield (%)
o
&

./ e E;U: ;x9+6;1 éuoj ¢ non-deuterated
0.1 M deuterated
0.05
0
0 1 2 3
t/h
KIE =0.078/0.74=1.1
(iii) Synthesis of cyclometalated Rh(III) complex 10°
1) pyridine (1.0 equiv) S
Ag,CO3 (1.0 equiv) Q.0 O 2 -5
N 2D 9,
[RhCpClpl, __ CHClat4h SNs L AG B
(0.5 equiv) 2) 1a (1.0 equiv) Rh-Cp* -1 .| ol
NaOAc (2.5 equiv) oy & &
NEt; (0.2 mL), 12 h 10, 64% ST

A Schlenk tube with a magnetic stir bar was charged with [RhCp*CL]> (31.3 mg, 0.05
mmol), Ag;CO; (27.5 mg, 0.10 mmol), pyridine (8 pL, 0.10 mmol), and CH,CL (1 mL) at
room temperature for 4 h. NaOAc (34.0 mg. 0.25 mmol) and N-(o-tolylsulfonyl)acetamide
1a (21.4 mg, 0.1 mmol) were added to the solution with TEA (0.2 ml) and the resulting
mixture was stirred at room temperature for 12 h. The solution was filtered through a celite
pad and washed with 10-20 mL of dichloromethane. The filtrate was concentrated and the
residue was purified by column chromatography on alumina (petroleum
ether/EtOAc/methanol = 3/1/0.1, v/v/v) to provide the complex 10 as a red orange solid
(33.5 mg, 64% yield). '"H NMR (400 MHz, DMSO-ds): § = 1.57 (s, 15H), 2.42 (s, 3H), 2.46
(s,3H),7.01 (d,]=7.2Hz, 1H), 7.17 (t,] = 7.2 Hz, 1H), 7.25-7.40 (m, 3H), 7.78 (tt, ] = 7.6
Hz, 2.0 Hz, 1H), 8.57 (d, ] = 8.0 Hz, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 8.8,
17.1,27.5, 100.2, 100.3, 123.9, 127.9, 129.7, 134.4, 134.9, 136.1, 146.7, 149.6, 151.6, 151.9,
174.8 ppm.

(iv) Complex 10-catalyzed heteroarylation of N-(o-tolylsulfonyl)acetamide 1a
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o0 9 10 (10 mol%)
S\NJ\ S CU(OAC),-H,0 (1.0 equiv)
H
H H * \ AdCOOH (1.0 equiv), AcOH (0.3 equiv)

H,O (3.0 equiv), DCE, O,, 24 h, 150 °C

1a 2a

A Schlenk tube with a magnetic stir bar was charged with aryl sulfonamide 1a (42.7 mg, 0.2
mmol), 2a (80.6 mg, 0.6 mmol), complex 10 (10.5 mg, 0.02 mmol), Cu(OAc),-H,O (40.0
mg, 0.2 mmol), and AACOOH (36.0 mg, 0.2 mmol) under air. Then the Schlenk tube was
evacuated and refilled with O, three times. Next, AcOH (3.4 pL, 0.06 mmol), H,O (10.8 pL,
0.6 mmol) and DCE (1.0 mL) were added. The Schlenk tube was then sealed with a Teflon
lined cap and the mixture was heated at 150 °C for 24 hours. The reaction solution was then
cooled to ambient temperature, diluted with 5 mL of dichloromethane, filtered through a
celite pad and washed with 10-20 mL of dichloromethane. The filtrate was collected and
concentrated. Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3a as a white solid (20.7 mg, 30% yield).

VIII. Experimental data for the described substances

N-((2-(Benzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl)acetamide (3a)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3a as a white solid (49.6 mg, 72% yield). M.p.:
197-199 °C.'H NMR (400 MHz, DMSO-ds): § = 1.84 (s, 3H), 2.72 (s, 3H), 7.34-7.40 (m,
4H), 7.52-7.57 (m, 2H), 7.85 (d, ] = 7.2 Hz, 1H), 7.96 (d, ] = 7.2 Hz, 1H), 11.88 (s, 1H)
ppm. 3C NMR (100 MHz, DMSO-d): § = 22.1, 23.1, 121.9, 123.8, 124.2, 124.4, 124.7,
131.9, 132.1, 133.8, 135.0, 137.2, 139.36, 139.40, 139.7, 140.9, 168.9 ppm. HRMS (ESI"):
calcd for Ci7H1sNNaQ;S; [M+Na]*368.0386, found 368.038S.

N-((2-(Benzo[b]thiophen-2-yl)-6-methoxyphenyl)sulfonyl)acetamide (3b)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3b as a white solid (54.2 mg, 75% yield).
M.p.: 232-234 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.92 (s, 3H), 3.97 (s,3H), 7.09 (d, ]

S15



=7.6 Hz, 1H), 7.34 (s, 1H), 7.35-7.41 (m, 3H), 7.64 (t,] = 8.0 Hz, 1H), 7.84 (d, ] = 7.6 Hz,
1H),7.95 (d,] = 8.0 Hz, 1H), 11.85 (s, IH) ppm. *C NMR (100 MHz, DMSO-ds): § = 23.1,
56.9, 114.0, 122.0, 123.6, 124.15, 124.21, 124.4, 125.4, 126.8, 133.5, 136.1, 139.3, 139.7,
1409, 157.3, 169.1 ppm. HRMS (ESI*): calcd for CisHisNNaO.S, [M+Na]* 384.0335,
found 384.0331.

N-((2-(Benzo[b]thiophen-2-yl)-6-fluorophenyl)sulfonyl)acetamide (3c)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3c as a white solid (50.6 mg, 72% yield). M.p.:
161-163 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.91 (s, 3H), 7.40-7.42 (m, 3H), 7.46 (s,
1H), 7.55-7.60 (m, 1H), 7.74-7.79 (m, 1H), 7.88 (d, ] = 7.2 Hz, 1H), 7.99 (d, ] = 7.6 Hz,
1H), 12.37 (s, 1H) ppm.**C NMR (100 MHz, DMSO-d;): § = 23.1, 118.0 (d, ] = 23 Hz),
122.1, 124.0, 124.6 (d, ] = 4 Hz), 125.5, 127.0 (d, ] = 12 Hz), 129.8 (d, ] = 3 Hz), 131.2,
134.6 (d, J = 10 Hz), 136.1, 138.4 (d, ] = 3 Hz), 139.2, 139.8, 159.2 (d, ] = 254 Hz), 169.3
ppm. HRMS (ESI*): caled for Ci1sHi2FNNaQ;S, [M+Na]* 372.0135, found 372.0131.

CFs0, 0 O

\ /7

N-((2-(Benzo[b]thiophen-2-yl)-6-(trifluoromethyl)phenyl)sulfonyl )acetamide (3d)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3d as a white solid (59.0 mg, 74% yield).
M.p.: 210-212 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.65 (s, 3H), 7.44-7.48 (m, 3H),
7.86-7.94 (m, 3H), 8.04 (d, ] = 6.8 Hz, 1H), 8.11 (d, ] = 6.8 Hz, 1H), 11.75 (s, 1H) ppm."*C
NMR (100 MHz, DMSO-ds): § = 232, 122.3, 123.1 (q, ] = 273 Hz), 124.4, 124.8, 125.1,
126.7, 129.0 (q, ] = 32 Hz), 129.3 (q, ] = 6 Hz), 132.7, 135.3, 138.1, 138.6, 139.5, 140.0,
169.0 ppm. HRMS (ESI): caled for Ci7H11FsNOsS, [M-H] 398.0138, found 398.0124.

0 0
\S/ N)J\

N-((2-(Benzo[b]thiophen-2-yl)-5-methylphenyl)sulfonyl)acetamide (3e)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol= 8/1/0.05, v/v/v) afforded 3e as a white solid (45.0 mg, 65% yield). M.p.:
201-203 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.77 (s, 3H), 2.47 (s, 3H), 7.40-7.47 (m,
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4H),7.57 (d,]=7.2 Hz, 1H),7.90 (d, ] = 7.2 Hz, 1H), 7.95 (s, 1H), 8.00 (d, ] = 6.8 Hz, 1H),
1179 (s, 1H) ppm. *C NMR (100 MHz, DMSO-dq): § = 20.7, 23.1, 122.1, 1242, 124.5,
124.6, 1257, 129.7, 130.5, 133.5, 1337, 138.1, 138.2, 139.1, 139.6, 139.8, 168.7 ppm.
HRMS (ESI*): caled for Ci7HisNNaQ;S; [M+Na]*368.0386, found 368.0380.

00 O
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N-((2-(Benzo[b]thiophen-2-yl)-5-nitrophenyl)sulfonyl)acetamide (3f)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3f as a yellow solid (30.8 mg, 41% yield).
M.p.: 198-200 °C. ‘H NMR (400 MHz, DMSO-d): § = 1.82 (s, 3H), 7.47-7.48 (m, 2H),
7.63 (s, 1H),7.90 (d,]=8.4 Hz, 1H),7.97 (d, ] = 4.4 Hz, 1H), 8.07 (d, ] = 5.2 Hz, 1H), 8.55
(d, ] =8.0 Hz, 1H), 8.84 (s, 1H), 12.28 (s, IH) ppm."*C NMR (100 MHz, DMSO-ds): § =
232,122.3,124.7, 1249, 125.3,125.7,127.2, 127.6, 135.6, 135.8, 139.2, 139.4, 139.6, 140.1,
146.9, 169.2 ppm. HRMS (ESI*): calcd for CicH12N>NaOsS, [M+Na]* 399.0080, found
399.0078.

N-((2-(Benzo[b]thiophen-2-yl)-4,5-dimethylphenyl)sulfonyl)acetamide (3g)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3g as a white solid (51.8 mg, 72% yield).
M.p.: 188-190 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.76 (s, 3H), 2.32 (s, 3H), 2.37 (s,
3H),7.36 (s, 1H), 7.37-7.43 (m, 3H), 7.88-7.90 (m, 2H), 7.99 (d, ] = 7.6 Hz, 1H), 11.71 (s,
1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 19.1,23.1, 122.0, 124.2, 124.5, 124.6, 125.6,
1299, 131.0, 134.4, 135.4, 137.8, 138.3, 139.6, 139.7, 142.6, 168.6 ppm. HRMS (ESI*):
calcd for CisHi7NNaQO;S; [M+Na]* 382.0542, found 382.0546.

0 O

\ 7/ )OK
S N

N-((2-(Benzo[b]thiophen-2-yl)-4,5-dichlorophenyl)sulfonyl)acetamide (3h)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3h as a white solid (54.4 mg, 68% yield).
M.p.: 203-205 °C. 'H NMR (400 MHz, DMSO-d): § = 1.83 (s,3H), 7.42-7.48 (m, 2H),
7.54 (s, 1H), 7.92-7.94 (m, 2H), 8.04 (d, ] = 7.6 Hz, 1H), 8.26 (s, 1H), 12.12 (s, 1H) ppm.
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3C NMR (100 MHz, DMSO-ds): § = 23.2, 122.2, 124.5, 124.7, 125.1, 1269, 131.9, 132.1,
133.2, 135.1, 135.3, 136.2, 138.3, 139.3, 140.0, 169.1 ppm. HRMS (ESI’): calcd for
CisH10*CLNOsS, [M-H] 397.948S, found 397.9476; caled for CisHio®*CIP’CINQO;S;
[M-H]" 399.945S, found 399.9459; calcd for CisHi0®’CLNQO;S, [M-H] 401.9426, found
401.9429.

0]

N-((2-(Benzo[b]thiophen-2-yl)-5-chloro-4-methoxyphenyl)sulfonyl )acetamide (3i)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.0S, v/v/v) afforded 3i as a white solid (41.5 mg, 53% yield). M.p.:
170-172 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.82 (s, 3H), 3.97 (s, 3H), 7.28 (s, 1H),
7.41-747 (m, 2H), 7.51 (s, 1H), 7.93 (d, ] = 6.8 Hz, 1H), 8.03 (d, ] = 7.2 Hz, 1H), 8.10 (s,
1H), 11.92 (s, 1H) ppm.™*C NMR (100 MHz, DMSO-ds): § = 232, 57.2, 117.3, 121.0,
122.1, 124.4,124.7, 124.9, 126.2, 130.6, 132.2, 134.0, 137.1, 139.4, 139.9, 157.4, 168.8 ppm.
HRMS (ESI*): calcd for Ci7Hi,*CINNaO:S; [M+Na]* 417.994S, found 417.9942; calcd for
Ci7H1sCINNaOsS; [M+Na]* 419.991S, found 419.9918.
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N-((3-(Benzo[b]thiophen-2-yl)naphthalen-2-yl)sulfonyl)acetamide (3j)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3j as a white solid (44.5mg, 58% yield). M.p.:
181-183 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.80 (s, 3H), 7.44 (m, 2H), 7.54 (s, 1H),
7.75-7.80 (m, 2H), 7.93 (d, ] = 6.8 Hz, 1H), 8.03 (d, ] = 6.8 Hz, 1H), 8.10 (d, ] = 7.6 Hz,
1H), 8.18 (s, 1H), 8.31 (d, ] = 7.6 Hz, 1H), 8.85 (s, 1H), 11.87 (s, 1H) ppm. *C NMR (100
MHz, DMSO-ds): § = 23.2, 122.1, 1242, 124.6, 124.7, 126.2, 127.87, 127.94, 128.5, 129.3,
130.0, 131.1, 132.3, 133.5, 133.9, 135.4, 138.3, 139.6, 139.8, 168.7 ppm. HRMS (ESI*):
calcd for C20H1sNNaQ;S; [M+Na]* 404.0386, found 404.0381.
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N-((3-(Benzo[b]thiophen-2-yl)thiophen-2-yl)sulfonyl)acetamide (3k)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3k as a white solid (39.1mg, 58% yield). M.p.:
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7577 °C. 'H NMR (400 MHz, CDCL): § = 1.85 (s, 3H), 7.28 (d, ] = 5.2 Hz, 1H), 7.37-7.42
(m, 2H), 7.69-7.70 (m, 2H), 7.83-7.85 (m, 2H), 8.30 (s, 1H) ppm. *C NMR (100 MHz,
CDCL): § = 23.3,122.3, 124.6, 125.1, 125.6, 126.4, 131.8, 132.2, 133.6, 134.8, 138.3, 139.8,
1404, 168.1 ppm. HRMS (ESI*): caled for CisH1:NNaO3S; [M+Na]* 359.9794, found
359.979S.
o\\s//o
Br \S | ”
S

A

N-((3-(Benzo[b]thiophen-2-yl)-5-bromothiophen-2-yl)sulfonyl)acetamide (31)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.0S, v/v/v) afforded 31 as a white solid (41.3mg, 50% yield). M.p.:
196-198 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.85 (s, 3H), 7.42-7.48 (m, 2H), 7.62 (s,
1H), 7.80 (s, 1H), 7.92-7.94 (m, 1H), 8.02-8.04 (m, 1H), 12.55 (s, 1H) ppm. “C NMR
(100 MHz, DMSO-de): § = 23.1,119.6, 122.3, 124.7, 125.0, 125.6,126.8, 132.1, 134.3, 136.0,
137.5, 139.4, 139.8, 168.8 ppm. HRMS (ESI"): calcd for CisHi0”BrNNaO;S; [M+Na]*
437.8898, found 437.8899; calcd for CisHio*'BrNNaOsS; [M+Na]* 439.8878, found
439.8881.
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N-([2,2'-Bibenzo[b]thiophen]-3-ylsulfonyl)acetamide (3m)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 3m as a white solid (34.7mg, 45% yield).
M.p.: 2129-231 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.86 (s, 3H), 7.46-7.48 (m, 2H),
7.54-7.64 (m, 2H), 7.97 (m, 2H), 8.05-8.06 (m, 1H), 8.14 (d, J = 8.0 Hz, 1H), 8.33 (d, ] =
8.4 Hz, 1H), 12.45 (s, 1H) ppm.*C NMR (100 MHz, DMSO-de): & = 23.1, 122.4, 122.7,
124.1, 124.8, 125.2, 125.8, 126.28, 126.31, 128.2, 128.8, 130.9, 135.7, 137.6, 139.2, 140.5,
1439, 169.4 ppm. HRMS (ESI*): calcd for CisHi3NNaO:S; [M+Na]* 409.9955, found
409.9951.

N-((2,6-Bis(4-hexylthiophen-2-yl)-4-(5-(p-tolyl)-3-(trifluoromethyl)-1 H-pyrazol-1-yl
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)phenyl)sulfonyl)acetamide (3n)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.0S, v/v/v) afforded 3n as a white solid (68.1mg, 45% yield). M.p.:
60-62 °C. '"H NMR (400 MHz, DMSO-ds): § = 0.86 (t, ] = 6.8 Hz, 6H), 1.28 (m, 12H),
1.52-1.57 (m, 7H), 2.37 (s, 3H), 2.55 (t, ] = 7.6 Hz, 4H), 6.90 (d, ] = 1.2 Hz, 2H), 7.20-7.28
(m, 7H), 7.31 (s, 2H), 11.24 (s, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 14.0, 20.9,
22.1,232,28.4,29.80, 29.85, 31.2, 106.4, 121.2 (q, ] = 267 Hz), 122.6, 125.4, 127.7, 129.1,
129.5, 130.1, 136.5, 139.2 (m), 139.3, 139.4 (m), 142.6 (q, ] = 38 Hz), 142.7, 145.4, 168.9
ppm. HRMS (ESI*): caled for C30H4.FsN3NaO3S; [M+Na]* 778.2389, found 778.2386.

"Hex

N-((2,6-Bis(4-hexylthiophen-2-yl)benzyl)sulfonyl )acetamide (30)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 30 as a white solid (50.6 mg, 44% yield).
M.p.: 87-89 °C. 'H NMR (400 MHz, DMSO-ds): § = 0.87 (m, 6H), 1.30 (m, 12H),
1.58-1.63 (m, 4H), 1.65 (s,3H), 2.57 (t,] = 7.6 Hz, 4H), 5.18 (s, 2H), 7.12 (s, 2H), 7.21 (s,
2H), 7.38-7.46 (m, 3H), 11.36 (s, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 14.0,
22.1,23.0,28.5,29.8, 30.0, 312, 53.3, 121.4, 125.7, 128.6, 129.1, 131.2, 137.5, 141.1, 142.9,
168.8 ppm. HRMS (ESI): caled for C2oH3sNO3S; [M-H] 544.2019, found 544.2018.

P I

Cl
N-((2-(5-Chlorobenzo[b]thiophen-2-yl)-5-methylphenyl)sulfonyl)acetamide (4a)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4a as a white solid (50.4 mg, 66% yield). M.p.:
190-192 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.76 (s, 3H), 2.47 (s, 3H), 7.43-7.48 (m,
3H),7.58 (d,] = 7.6 Hz, 1H), 7.96 (s, 1H), 8.00 (s, 1H), 8.04 (d, J = 8.8 Hz, 1H), 11.73 (s,
1H) ppm. *C NMR (100 MHz, DMSO-d;): § =20.7,23.1,123.5,123.8,124.6,125.2,129.2,
129.5,130.5,133.4,133.8,138.1, 138.3, 139.5, 140.5, 140.9, 168.7 ppm. HRMS (EST): calcd
for C17H1:*CINOsS, [M-H] 378.0031, found 378.0032; calcd for Ci7H5*’CINO;S, [M-H]
380.0001, found 379.9999.
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N-((2-(5-Bromobenzo[b]thiophen-2-yl)-5-methylphenyl)sulfonyl)acetamide (4b)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4b as a white solid (51.5 mg, 61% yield).
M.p.: 208-210 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.77 (s, 3H), 2.47 (s, 3H), 7.43 (s,
1H),7.47 (d,] = 8.0 Hz, 1H), 7.53-7.59 (m, 2H), 7.96 (s, 1H), 7.99 (d, ] = 8.4 Hz, 1H), 8.14
(s, 1H), 11.72 (s, 1H) ppm. NMR (400 MHz, DMSO-ds): § = 20.7,23.1, 117.7,124.1, 125.0,
126.5, 127.1, 129.1, 130.5, 1333, 133.7, 138.1, 138.6, 139.4, 140.2, 1414, 168.6 ppm.
HRMS (ESI*): calcd for Ci7Hi,’BrNNaQO;S, [M+Na]* 445.9491, found 445.9494; calcd for
Ci7H1*'BrNNaQ;S, [M+Na]* 447.9471, found 447.9477.

(ONNO)

\\S// )?\

N nIZ

"Hex

N-((2-(4-Hexylthiophen-2-yl)-5-methylphenyl)sulfonyl )acetamide (4c)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4c as a white solid (65.5 mg, 84% yield). M.p.:
118-120 °C. 'H NMR (400 MHz, DMSO-ds): & = 0.87 (t, ] = 6.0 Hz, 3H), 1.30-1.35 (m,
6H), 1.57-1.64 (m, 2H), 1.74 (s, 3H), 2.43 (s, 3H), 2.60 (t, ] = 8.0 Hz, 2H), 7.00 (s, 1H),
7.23 (s, 1H), 7.34 (d, ] = 8.0 Hz, 1H), 7.50 (d, ] = 8.0 Hz, 1H), 7.89 (s, 1H), 11.60 (s, 1H)
ppm. *C NMR (100 MHz, DMSO-ds): § = 14.0, 20.6, 22.1, 23.0, 28.5, 29.7, 29.9, 31.1,
121.4, 130.07, 130.14, 130.2, 133.4, 133.6, 137.5, 137.6, 138.4, 142.6, 168.4 ppm. HRMS
(BSI*): caled for C1oH2sNNaO3S; [M+Na]* 402.1168, found 402.1173.

N-((5-Methyl-2-(4-phenylthiophen-2-yl)phenyl)sulfonyl)acetamide (4d)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4d as a white solid (50.0 mg, 67% yield).
M.p.: 96-98 °C.'H NMR (400 MHz, DMSO-ds): § = 1.82 (s, 3H), 2.70 (s, 3H), 7.27-7.33
(m,2H),7.41 (t,]=7.6 Hz,2H),7.46 (d,] = 1.2 Hz, 1H), 7.48 (d, ] = 6.8 Hz, 1H), 7.55 (t,]
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= 7.6 Hz, 1H), 7.71 (d, ] = 7.2 Hz, 1H), 7.90 (d, ] = 1.6 Hz, 1H), 11.77 (s, 1H) ppm.*C
NMR (100 MHz, DMSO-ds): § = 22.3,23.1, 121.3, 126.0, 127.0, 127.1, 128.9, 131.9, 132.3,
133.6, 134.8, 135.2, 137.2, 1394, 140.5, 141.1, 168.8 ppm. HRMS (ESI): calcd for
C1sH1sN O3S, [M-H] 370.0577, found 370.0569.

¥

CO,Me

N wnIZ

Methyl 5-(2-(N-acetylsulfamoyl)-4-methylphenyl)-3-methylthiophene-2-carboxylate
(4e)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4e as a white solid (54.0 mg, 74% yield). M.p.:
173-175 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.78 (s, 3H), 2.45 (s, 3H), 2.52 (s, 3H),
3.81 (s, 3H), 7.06 (s, 1H), 7.39 (d, ] = 7.6 Hz, 1H), 7.55 (d, ] = 7.6 Hz, 1H), 7.92 (s, 1H),
11.75 (s, 1H) ppm. 3C NMR (100 MHz, DMSO-ds): § = 15.8,20.6,23.0, 51.9, 126.1,128.5,
1304, 133.1, 133.6, 133.8, 137.9, 139.5, 142.5, 145.6, 162.3, 168.6 ppm. HRMS (ESI*):
calcd for Ci6H17NNaQOsS; [M+Na]* 390.0440, found 390.0436.
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N-((2-(4-Bromothiophen-2-yl)-5-methylphenyl)sulfonyl)acetamide (4f)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4f as a white solid (50.7 mg, 68% yield). M.p.:
158-160 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.78 (s, 3H), 2.44 (s, 3H), 7.12 (s, 1H),
7.38 (d, ] = 8.0 Hz, 1H), 7.54 (d, ] = 7.6 Hz, 1H), 7.80 (s, 1H), 7.91 (s, 1H), 11.83 (s, 1H)
ppm. *C NMR (100 MHz, DMSO-ds): § = 20.6, 23.0, 108.7, 124.8, 128.4, 130.4, 130.8,
133.5,133.8, 137.9, 139.4, 139.5, 168.6 ppm. HRMS (ESI"): calcd for Ci3H1,”’BrNNaQOsS,
[M+Na]* 395.9334, found 395.9340; calcd for Ci:Hi2*'BrNNaO;S, [M+Na]* 397.9314,
found 397.9311.

O

0.0
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Br
N-((2-(4,5-Dibromothiophen-2-yl)-5-methylphenyl)sulfonyl)acetamide (4g)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4g as a white solid (65.7 mg, 75% yield). M.p.:
185-187 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.83 (s, 3H), 2.44 (s, 3H), 7.09 (s, 1H),

S22



7.41(d,] = 8.0 Hz, 1H),7.55 (d, ] = 7.6 Hz, 1H),7.92 (s, 1H), 11.94 (s, 1H) ppm. *C NMR
(100 MHz, DMSO-ds): § = 20.7,23.1, 111.6, 113.5, 127.7, 130.6, 131.2, 133.6, 133.9, 138.0,
139.8, 139.9, 168.7 ppm. HRMS (ESI): calcd for Ci3sHiiBr¥’BrNNaO;S, [M+Na]*
475.8419, found 475.8422; caled for Ci3Hii*'BraNNaOsS, [M+Na]* 477.8398, found
477.8400.

N-((2-(4,8-Dioxo-4,8-dihydrobenzo[1,2-b:4,5-b'|dithiophen-2-yl)-6-methylphenyl)s
ulfonyl)acetamide (4h)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4h as a white solid (39.1 mg, 45% yield).
M.p.: > 250 °C.'H NMR (400 MHz, DMSO-d;s): § = 1.89 (s,3H),2.71 (s,3H), 7.38 (dd, ] =
7.2 Hz, 1.6 Hz, 1H), 7.53 (s, 1H), 7.58-7.60 (m, 1H), 7.62 (d, ] = 7.2 Hz, 1 H), 7.67 (d, ] =
5.2 Hz, 1H), 8.19 (d, ] = 5.2 Hz, 1H), 12.07 (s, 1H) ppm.*C NMR (100 MHz, DMSO-ds):
§ = 21.6, 23.1, 1264, 126.8, 131.6, 132.5, 133.1, 134.8, 136.1, 136.9, 139.6, 141.5, 142.3,
143.4, 144.1, 150.1, 169.2, 174.20, 174.24 ppm. HRMS (EST): calcd for Ci9H12NOsS;
[M-H] 429.9883, found 429.9878.

N-((2-Methyl-6-(1-tosyl-1H-pyrrol-3-yl)phenyl)sulfonyl)acetamide (4i)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4i as a white solid (58.4 mg, 68% yield). M.p.:
150-152 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.72 (s, 3H), 2.39 (s, 3H), 2.64 (s, 3H),
648 (q,] = 1.6 Hz, 1H), 7.07 (dd, ] = 7.2 Hz, 0.8 Hz, 1H), 7.28-7.29 (m, 1H), 7.35 (t, ] = 2.0
Hz, 1H), 7.37-7.40 (m, 1H), 7.42-7.47 (m, 3H), 7.87 (d, ] = 8.4 Hz, 2H), 11.73 (s, 1H) ppm.
13C NMR (100 MHz, DMSO-dq): § = 21.1, 22.2, 22.8, 116.4, 119.0, 120.0, 1269, 128.0,
130.3, 131.7, 132.0, 132.6, 135.1, 135.4, 136.6, 138.8, 145.3, 168.8 ppm. HRMS (ESI*):
calcd for C20H20N>NaOsS: [M+Na]* 455.0706, found 455.0710.
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N-((2-(Benzofuran-2-yl)-6-methylphenyl )sulfonyl)acetamide (4k)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4k as a white solid (41.8 mg, 63% yield).
M.p.: 128-130 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.84 (s, 3H), 2.72 (s, 3H), 6.95 (s,
1H), 7.26-7.34 (m, 2H), 7.47 (d, ] = 7.2 Hz, 1H), 7.56-7.58 (m, 2H), 7.62 (d, ] = 7.6 Hz,
1H),7.67 (d,] = 7.6 Hz, 1H), 11.96 (s, 1H) ppm. *C NMR (100 MHz, DMSO-d;): § =21.7,
23.0, 106.0, 111.3, 121.2, 122.8, 124.1, 128.6, 131.43, 131.45, 132.3, 134.5, 137.2, 139.3,
153.9,154.3,168.8 ppm. HRMS (ESI*): caled for C17H1sNNaO4S [M+Na]*352.0614, found
352.0617.

Ethyl 5-(2-(N-acetylsulfamoyl)-4-methylphenyl)furan-2-carboxylate (41)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 41 as a white solid (32.2 mg, 46% yield). M.p.:
134-136 °C."H NMR (400 MHz, DMSO-de): § = 1.30 (t, ] = 7.2 Hz, 3H), 1.88 (s, 3H), 2.47
(s,3H),4.31 (q,J=7.2 Hz,2H), 6.92 (d, ] = 3.6 Hz, 1H), 7.41 (d, ] = 3.6 Hz, 1H), 7.57-7.63
(m, 2H), 7.95 (s, 1H), 11.82 (s, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 14.2, 20.8,
23.0,60.7, 1132, 119.4, 1252, 1309, 131.9, 134.0, 137.4, 140.1, 144.0, 152.7, 158.0, 168.7
ppm. HRMS (ESI*): caled for Ci1sHi?NNaOsS [M+Na]*374.0669, found 374.0666.

Methyl
3-(2-(N-acetylsulfamoyl)-4-methylphenyl)pyrrolo[2,1-a]isoquinoline-1-carboxylate
(4m)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded 4m as a yellow solid (53.0 mg, 61% yield).
M.p.: 133-135 °C."H NMR (400 MHz, DMSO-d;): § = 1.70 (s, 3H), 2.46 (s, 3H), 3.33 (s,
3H),7.18-7.22 (m, 2H), 7.48 (dd, ] = 8.0 Hz, 0.4 Hz, 1H), 7.55-7.58 (m, 3H), 7.79-7.81 (m,
1H),7.90 (s, 1H), 8.27 (d,] = 7.2 Hz, 1H), 9.27-9.29 (m, 1H), 11.27 (s, 1H) ppm. *C NMR
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(100 MHz, DMSO-ds): § = 20.6, 23.0, 50.5, 108.4, 112.9, 117.7, 124.86, 124.87, 125.2, 1254,
127.15, 127.17, 127.4, 128.8, 129.7, 130.0, 132.5, 132.9, 133.0, 136.6, 137.3, 165.4, 168.2
ppm. HRMS (ESI*): calcd for CosHaoNNaOsS [M+Na]*459.0986, found 459.0984.

N-((3-Methyl-[1,1'-biphenyl]-2-yl)sulfonyl)acetamide (5a)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded $a as a white solid (42.5 mg, 74% yield). M.p.:
196-198 °C.'H NMR (400 MHz, DMSO-ds): § = 1.76 (s, 3H), 2.69 (s, 3H), 7.06 (d, ] = 7.2
Hz, 1H),7.25 (d,] = 6.4 Hz,2H), 7.34 (m, 3H), 7.43 (d,] = 7.2 Hz, 1H), 7.51 (t, ] = 7.6 Hz,
1H), 11.60 (s, 1H) ppm. *C NMR (100 MHz, DMSO-dq): § = 21.9, 22.9, 126.9, 127.3,
128.6, 131.0, 131.8, 132.4, 136.2, 138.4, 141.1, 142.8, 168.6 ppm. HRMS (ESI*): calcd for
CisHisNNaO;S [ M+Na]*312.066S, found 312.0661.

1.3 : 1

N-((4'-bromo-3-methyl-[ 1,1'-biphenyl]-2-yl)sulfonyl )acetamide (5b) and
N-((2'-bromo-3-methyl-[ 1,1'-biphenyl]-2-yl)sulfonyl )acetamide (5b’)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.0S, v/v/v) afforded the mixture of Sb and 5b’ as a white solid
(42.4 mg, 58% yield). The ratio of Sb/Sb’ was 1.3/1 as determined by '"H NMR, and the
compounds were separated by preparative HPLC. 'H NMR (400 MHz, CDCl;, a mixture of
two isomers): § = 1.84 (CHs, major isomer), 1.86 (CHs, minor isomer), 2.81-2.82 (CH,,
major + minor isomer), 7.07-7.11 (m, ArH, major + minor isomer ),7.23 (d,] = 6.8 Hz, ArH,
major isomer), 7.29-7.35 (m, ArH, minor isomer), 7.37-7.39 (m, ArH, major + minor
isomer), 7.44-7.48 (m, ArH, major + minor isomer), 7.56 (d, ] = 8.0 Hz, ArH, major isomer)
ppm. '"H NMR (400 MHz, CDCl;, 5b’): § = 1.86 (s, 3H), 2.82 (s, 3H), 7.11 (d, ] = 7.6 Hz,
1H),7.29-7.35 (m,2H), 7.38 (d, ] = 7.6 Hz, 1H), 7.45-7.48 (m, 2H), 7.56 (dt, ] = 7.2 Hz, 2.0
Hz, 1H) ppm. *C NMR (100 MHz, CDCl;, a mixture of two isomers): § = 23.2,23.5, 122.0,
1224, 128.2, 129.6, 130.9, 131.0, 131.2, 132.0, 132.38, 132.41, 133.4, 133.5, 136.2, 139.7,
140.4, 1414, 167.8 ppm. *C NMR (100 MHz, CDCls, 5b*):8 = 23.3, 23.5, 122.0, 1282,
129.6, 130.9, 132.0, 133.5, 140.6, 140.7, 142.8, 167.7 ppm. HRMS (ESI*): calcd for
CisH1s”BrNNaO;S [M+Na]* 389.9770, found 389.9770; CisHis*'BrNNaO;S [M+Na]*
391.9750, found 391.9746.
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N-((3',4,4'-Trimethyl-[ 1,1'-biphenyl]-2-yl )sulfonyl)acetamide (Se)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded Se as a white solid (39.2 mg, 62% yield). M.p.:
174-176 °C."H NMR (400 MHz, DMSO-ds): § = 1.72 (s, 3H), 2.24 (s, 3H), 2.27 (s, 3H),
243 (s, 3H), 6.96-6.98 (m, 2H), 7.14-7.18 (m, 2H), 7.48 (d, ] = 7.6 Hz, 1H), 7.86 (s, 1H),
11.37 (s, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § = 19.3, 19.6,20.6,23.0, 126.4, 128.9,
129.8, 130.0, 132.5, 133.6, 135.4, 13S.5, 136.2, 137.2, 137.3, 138.0, 168.5 ppm. HRMS
(BST*): caled for Ci7H1sNNaOsS [M+Na]*340.0978, found 340.0975.
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N-((4,5-Bichloro-4'-methoxy-[1,1'-biphenyl]-2-yl)sulfonyl)acetamide ~ (5f)  and
N-((4,5-Bichloro-2'-methoxy-[1,1'-biphenyl]-2-yl)sulfonyl )acetamide (5f’)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded the mixture of 5f and 5f as a white solid
(56.3 mg, 75% yield). The ratio of S¢/Sc¢” was 10/1 as determined by 'H NMR. '"H NMR
(400 MHz, DMSO-ds,a mixture of two isomers): § = 1.76 (CHs, major + minor isomer ),
3.78 (OCHs, minor isomer), 3.81 (OCHs, major isomer), 6.86 (d, ] = 7.6 Hz, ArH, minor
isomer), 6.89-6.90 (m, ArH, minor isomer), 7.00-7.02 (m, ArH, major + minor isomer ),
7.26 (d, ] = 8.8 Hz, ArH, major isomer), 7.36 (t, ] = 8.0 Hz, ArH, minor isomer), 7.62 (s,
ArH, major isomer), 7.66 (s, ArH, minor isomer), 8.18 (s, ArH, major isomer), 8.20 (s, ArH,
minor isomer), 11.75 (s, NHAc, major + minor isomer) ppm. *C NMR (100 MHz,
DMSO-ds): § = 23.0, 55.2, 113.5, 128.3, 130.2, 130.3, 131.5, 134.4, 135.9, 137.6, 140.8,
1594, 168.8 ppm. HRMS (ESI"): calcd for CisHi3*CLNNaO4S [M+Na]* 395.9835, found
395.9836; calcd for CisHi:*CICINNaO4S [M+Na]* 397.980S, found 397.9805; calcd for
CisH15*CbNNaQ4S [M+Na]* 399.9776, found 399.9775.

N-((2-Phenylbenzo[b]thiophen-3-yl)sulfonyl)acetamide (5g)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded Sg as a white solid (35.6 mg, 54% yield).
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M.p.: 98-100 °C. 'H NMR (400 MHz, DMSO-d;s): § = 1.81 (s, 3H), 7.46-7.52 (m, 3H), 7.55
(d,J=8.0Hz, 1H), 7.58-7.62 (m, 1H), 7.66-7.69 (m, 2H), 8.12 (d, ] = 8.0 Hz, 1H), 8.27 (d,
J=8.0 Hz, 1H), 12.26 (s, 1H) ppm.'*C NMR (100 MHz, DMSO-ds): § = 23.0, 122.6, 123.5,
125.7, 125.9, 126.7, 127.9, 129.4, 130.2, 131.5, 135.3, 137.2, 152.0, 169.0 ppm. HRMS
(ESI"): calcd for CisH13NNaOsS, [M+Na]* 354.0229, found 354.0223.
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N-((4'-(Diphenylamino)-4-methyl-[ 1,1'-biphenyl]-2-yl)sulfonyl )acetamide (5h)
Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded Sh as a white solid (62.2 mg, 68% yield).
M.p.: 179-181 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.69 (s, 3H), 2.44 (s,3H), 7.00 (d, ]
= 8.4 Hz, 2H), 7.07 (t, ] = 7.2 Hz, 2H), 7.13 (d, ] = 7.6 Hz, 4H), 7.17 (d, ] = 8.4 Hz, 2H),
7.23 (d, ] = 8.0 Hz, 1H), 7.32 (t, ] = 8.0 Hz, 4H), 7.50 (d, ] = 8.0 Hz, 1H), 7.88 (s, 1H),
11.47 (s, 1H) ppm. *C NMR (100 MHz, DMSO-d): § = 20.5, 22.8, 122.2, 1232, 124.2,
1294, 129.5, 129.9, 132.4, 132.5, 133.6, 137.2, 137.3, 137.5, 146.8, 147.1, 168.3 ppm.
HRMS (ESI"): calcd for C2yH24sN2NaO3S [M+Na]* 479.1400, found 479.1403.
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N-((4'-(Bis(4-(tert-butyl) phenyl)amino )-4-methyl-[ 1,1'-biphenyl]-2-yl)sulfonyl Jacet
amide (5i)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded Si as a white solid (69.4 mg, 61% yield). M.p.:
134-136 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.28 (s, 18H), 1.70 (s, 3H), 2.43 (s, 3H),
6.92 (d, ] = 8.8 Hz, 2H),7.04 (d, ] = 8.8 Hz, 4H), 7.14 (d, ] = 8.4 Hz, 2H), 7.22 (d, ] = 8.0 Hz,
1H),7.34 (d, ] = 8.8 Hz, 4H), 7.49 (d, ] = 8.0 Hz, 1H), 7.87 (s, LH), 11.48 (s, 1H) ppm.*C
NMR (100 MHz, DMSO-d): § = 20.5, 22.9, 312, 34.1, 121.1, 124.1, 126.2, 129.4, 129.8,
131.5, 132.6, 133.6, 137.2, 137.30, 137.33, 144.5, 145.6, 147.0, 168.3 ppm. HRMS (ESI*):
calcd for C3sH4oN>NaO3S [M+Na]* §91.2652, found 591.2645.
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N-((2-(5-(4-(Bis(4-(tert-butyl)phenyl)amino )phenyl)thiophen-2-yl)-5-methylphenyl
)sulfonyl)acetamide (5j)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded §j as a yellow solid (57.5 mg, 44% yield).
M.p.: 208-210 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.28 (s, 18H), 1.77 (s, 3H), 2.44 (s,
3H), 6.93 (d, ] = 8.4 Hz, 2H), 6.99 (d, ] = 8.4 Hz, 4H), 7.14 (d, ] = 3.6 Hz, 1H), 7.34-7.37
(m, SH), 7.42 (d, ] = 8.0 Hz, 1H), 7.52-7.56 (m, 3H), 7.92 (s, 1H), 11.70 (s, 1H) ppm. *C
NMR (100 MHz, CDCL): § = 21.3,23.6,31.6, 34.5, 122.3, 122.5, 124.5, 126.3, 126.4, 126.5,
130.1,130.6, 131.1, 133.7, 1342, 136.2, 137.7, 139.4, 144.7, 146.4, 146.5, 148.4, 167.7 ppm.
HRMS (ESI*): calcd for C30H43sN2O3S; [M+H]* 651.2710, found 651.2711.

N-((4,4"-Bis(diphenylamino)-5'-methoxy-[1,1':3',1"-terphenyl ]-2'-yl)sulfonyl )aceta
mide (5k)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.05, v/v/v) afforded Sk as a white solid (33.0 mg, 46% yield).
M.p.: 243-245 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.55 (s, 3H), 3.87 (s, 3H), 6.82 (s,
2H), 7.00 (d, ] = 8.4 Hz, 4H), 7.05-7.11 (m, 12H), 7.31-7.35 (m, 12H), 10.92 (s, 1H) ppm.
13C NMR (100 MHz, DMSO-ds): § = 22.8, 55.8, 109.6, 116.7, 122.4, 1232, 1242, 129.5,
129.7, 135.0, 144.4, 146.7, 147.1, 160.1, 167.8 ppm. HRMS (ESI*): caled for
C4sH3;N3NaO.S [M+Na]* 738.2397, found 738.2399.
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N-((4,4"-Bis(bis(4-(tert-butyl)phenyl)amino)-5'-methoxy-[1,1':3,1"-terphenyl]-2'-yl
)sulfonyl)acetamide (51)

Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate/methanol = 8/1/0.0S, v/v/v) afforded $l as a white solid (45.9 mg, 49% yield). M.p.:
119-121 °C. 'H NMR (400 MHz, DMSO-ds): § = 1.28 (s, 36H), 1.55 (s, 3H), 3.87 (s, 3H),
6.79 (s,2H),6.93 (d,] = 8.0 Hz,4H), 7.03 (d, ] = 8.0 Hz, 8H), 7.28 (d, ] = 8.0 Hz, 4H), 7.34
(d, ] = 8.0 Hz, 8H), 10.89 (s, 1H) ppm. *C NMR (100 MHz, CDCl;): § = 23.1, 31.6, 34.5,
55.8,110.2, 117.1, 121.5, 124.7, 126.3, 129.7, 133.5, 144.8, 145.6, 146.4, 148.4, 161.0, 167.9
ppm. HRMS (EST*): caled for CsiHeoN3NaO4S [M+Na]* 962.4901, found 962.4903.

2-(Benzo[b]thiophen-2-yl)-6-methylbenzenesulfonamide (6)

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 6/1,
v/v) afforded 6 as a white solid (26.3 mg, 87% yield). M.p.: 212-214 °C.'"H NMR (400 MHz,
CDCl3): § =2.80 (s,3H), 4.52 (s, 2H), 7.36-7.42 (m, SH), 7.54 (s, 1H), 7.82-7.87 (m, 2H)
ppm. “C NMR (100 MHz, CDCl3): § =23.4,122.2,124.5,125.3,125.4,126.2, 130.7, 131.6,
132.8, 133.8, 1389, 139.6, 140.2, 141.1, 1414 ppm. HRMS (ESI’): caled for
CisH13NNaO,S,; [M+Na]*326.0280, found 326.0283.

N-((2-(3-Bromobenzo[b]thiophen-2-yl)-6-methylphenyl)sulfonyl )acetamide (7’)
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Purification via silica gel column chromatography (petroleum ether/ethyl acetate/ CH;OH
=10/1/0.05, v/v/v) afforded the desired product 7’ as a light yellow solid (150.2 mg, 89%
yield). M.p.: 200-202 °C. '"H NMR (400 MHz, DMSO-ds): § = 1.91 (s, 3H), 2.74 (s, 3H),
7.29 (d,]= 6.4 Hz, 1H), 7.46-7.59 (m, 3H), 7.64 (t,] = 7.6 Hz, 1H), 7.74 (d, ] = 7.6 Hz, 1H),
8.04 (d,]=8.0 Hz, 1H), 12.08 (s, 1H) ppm. *C NMR (100 MHz, DMSO-ds): § =21.6,23.2,
108.0, 122.5, 122.6, 1252, 125.5, 131.9, 132.5, 134.0, 134.5, 136.9, 137.4, 13822, 138.3,
139.5, 168.9 ppm. HRMS (ESI*): calcd for Ci7H1s’BrNNaOsS, [M+Na]* 445.9491, found
445.9483; calcd for Ci7H14*' BrNNaQ;S, [M+Na]* 447.9470, found 447.9462.

4-Methyl-6H-benzo[e]benzo[4,5]thieno[ 3,2-c][1,2]thiazine 5,5-dioxide (7)
Purification via silica gel column chromatography (petroleum ether/ethyl acetate/ CH;OH
=10/1/0.05, v/v/v) afforded the desired product 7 as a white solid (33.1 mg, 55% yield).
M.p.: 240-242 °C. '"H NMR (400 MHz, DMSO-ds): § = 2.70 (s, 3H), 7.45 (d, ] = 7.2 Hz,
1H), 7.50-7.53 (m, 2H), 7.57 (d,] = 7.6 Hz, 1H), 7.66 (t, ] = 8.0 Hz, 1H), 7.97-7.99 (m, 1H),
8.04-8.08 (m, 1H), 11.87 (s, 1H) ppm."*C NMR (100 MHz, DMSO-dq): § = 19.9, 118.7,
121.5,123.4, 123.5, 125.3, 1269, 129.8, 130.2, 131.1, 131.6, 132.3, 132.4, 134.7, 136.4 ppm.
HRMS (ESI*): calcd for C1sHiiNNaO,S, [M+Na]* 324.0123, found 324.0124.

o 0

S

\\ 7/
O ] O
S

6-Methylbenzo[b]benzo[4,5]thieno[2,3-d]thiophene 5,5-dioxide (8)

Purification by column chromatography on silica gel (petroleum ether/ ethyl acetate = 8/1,
v/v) afforded 8 as a white solid (22.5mg, 79% yield). M.p.: 172-174 °C.'"H NMR (400 MHz,
CDCL): §=2.71(s,3H),7.25-7.27 (m, 1H), 7.31 (d, ] = 7.6 Hz, 1H), 7.45 (m, 2H), 7.53 (t,
J=7.2Hz, 1H), 7.88 (d, ] = 8.0 Hz, 1H), 8.05 (d, ] = 7.6 Hz, 1H) ppm. *C NMR (CDCI,
100 MHz): § = 17.0, 119.8, 122.5, 123.9, 126.5, 126.8, 128.6, 130.5, 132.6, 133.5, 133.9,

135.8,140.3, 142.8, 143.9 ppm. HRMS (ESI*): calcd for CisH10NaO,S, [M+Na]* 309.0014,
found 309.0015.

\ 7/
S

-0

4-Methyldibenzo[b,d]thiophene $,5-dioxide (9)

Purification by column chromatography on silica gel (petroleum ether/ ethyl acetate = 8/1,
v/v) afforded 9 as a white solid (18.7mg, 81% yield). M.p.: 160-162 °C.'H NMR (400 MHz,
CDCly): § =2.71 (s, 3H), 7.26 (d, ] = 7.2 Hz, 1H), 7.47-7.53 (m, 2H), 7.59-7.64 (m, 2H),
7.76 (d, ] = 8.0 Hz, 1H), 7.81 (d, ] = 7.6 Hz, 1H) ppm. *NMR (CDClL;, 100 MHz): § = 17.1,
119.0, 121.6, 122.1, 130.3, 131.8, 132.0, 132.4, 133.7, 133.9, 135.8, 136.0, 137.9 ppm.
HRMS (ESI*): caled for Ci3H10NaO,S [M+Na]* 253.0294, found 253.0286.

S30



IX. References

1) (a) Pham, M. V.; Ye, B.; Cramer, N. Angew. Chem., Int. Ed. 2012, 51, 10610-10614. (b) Xie, W.;
Yang, J.; Wang, B.; Li, B. ]. Org. Chem. 2014, 79, 8278-8287. (c) Li, X,; Dong, Y.; Qu, F; Liu, G. |.
Org. Chem. 2018, 80, 790-798.

2) Colletto, C.; Islam, S.; Julid--Hernandez, F.; Larrosa, L. J. Am. Chem. Soc. 2016, 138, 1677-1683.

3) Duan, P; Lan, X.; Chen, Y.; Qian, S.-S; Li, J. J.; Lu, L.; Lu, Y.; Chen, B.; Hong, M.; Zhao, ]. Chem.
Commun. 2014, 50, 12135-12138.

S31



X. Copies of "Hand *C spectra

o8 1—

00§ G~
6oL e—

ove”
%9¢
¥8E
Xvd
[aay
8§
994
GP8
€08
066"
896"

o e e e e e

——]

98 11—

T

Ve’
598
V8¢
eor

[adn
BVS
996 °

Gp8
€o8

056
896

AN

N
-

JAN

.

s
e

.
-

£1 (ppm)

E86°7

F00°¢

F96°0

=

8.0

9.0

10.5

12.0

13.5

f1 (ppm)

80
01

68

1€
4
el
v6
G1

RAaN
i
BE
68

68
68
68
or

s
€l
2 bel
s Vel
el
1€l
.NQN
eel
5 Vel
el
6ET

5 'BOT—

16161~
017261~

0861 —

86 TE1—

Gg'Le1—

9¢ '6€1
or .mﬁV
L 6ET—

6 0v1—

140 139 138 137 136 135 134 133 132
f1 (ppm)

141

110
f1 (ppm)

170

210

230

§32



b1€c—

[r 68 "BE
0168

20 10

30

Lxamera

—00°g 26 °6¢

61671

0054 98°94—
e
M g

00 221—

996 '€

— N

199" 065" 66°0 > 6E1
088 i 9 68T
678"
6"
196"

A £G°gE1—

o e e e el e e e el Sl ol ol S

7.5
f1 (ppm)

029" 1~ L
92— .
199727 K = g 11°9¢1—

11

088 "L~ -

“ o H e
Y - [iess v )
P8I h ﬁwmw\ Foo1] o 187071~

1

Mlﬁ o=t
ot 49 '¢2T—
41721
i ;SQ
- 6€ T
o 580'L - o 8 .
o 0 - - gggn— MR
| i 1077] 00221~
06¢ " S o & MS. ‘ 12 7317
Lov° — 6 L0 m 16°2 5
029" = €66 "L\ ‘ =50 ] S Y
109" EE Xy i 3101k e 9¢]

14

80 70 60 30 40

90

110
f1 (ppm)
S33

130

150

135
170

f1 (ppm)

139
190

143
210

230



L

00§ G—

ov
61"
8Gp
676
1L6°
L6G”
8€L"
LGL°
ILL®
06L°
1L8°
688
086"
6667

e e e e e el S S S S o

0L6 21— —

eor”
61F

BGY*

6VS
1LG
L6Y

BEL®

LG
TLL

1.8
688

086
666

I

ke

.
-
-

i

g
-
06"
g~
e

g~
-

=00°¢

So—~oS—~
S

A
Wt~ N

FG6°0

10

13

14

94

¥a

16
G

¥e

L1l
BIT
%el
eol
el
el
61
9e1
Lol
6el
.mNAW

el
.:u\'
6ET

LGT~
0917

68—

€6
91

80
66

29
14

16"

60

G8
14

9§
99

€1
9€
66
Ve
28

%ol

'6gl E
jZ4!
.«NHWM

8gl—

‘L1T=
811/

@NHN

el
28601
.mNMV

i

el
.vQV

g1
BET

.wﬂV
BET—
6E1

b

128 126 124 122 120 118

130
f1 (ppm)

138 136 134 132

140

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

S34



2691

00§ G—

L
167 .}j
180 L=
298 L —
€68°L —
226 L
8€6°L 2
5608 Ay
; 167 7L
250 '8 1L
5018
2218
298°L
€68°L
226 .}
866 L=
8hL 11— $0 8-
o/
501 '8
2218

£1 (ppm)

)

00°¢

Fz0'¢
F01°¢

660

Fue70

10
")
o

11

12

13

14

B11
1zl
K4q!
el
vl
el
621
41921
Lol
BG1
BG1
651
61
621
> 661

BET

BT

%0

Gl
0¢

BIT—

Tl
o1

11
29

bs
00

FNEN
EIHEN
g

5 el —

GET—

BET
BET—

BET—
Ov1—

sl

136 134

f1 (ppm)

138

140

120

122

124

126

128

130

f1 (ppm)

30

50 40

90 80 70 60

110
f1 (ppm)

170 130

210

230

S35



GLLT—

L9V 2~
00§ 27

00F
LI’
LeV”
s
viv’
096 °
8LG”
68"
016"
b§6 -
066
L00”

O b= b= O b= 0 O O O O O O

LBLTT—

ov
e
=zey
£Gp
pLy’

096
BLG"

468"

016
756

066

N

S
g
-
L00"

1.9

8.1

f1 (ppm)

A

=00'¢

=00°¢

€1y
W\f gl

11°1
MS.H
G0'T

FI0'T

8900~
v1ee”

F— 68"

76°6¢
P10

80 221
Rt 14
&  espal
[ 19 21
. pL G2
Y oLee
i 16081
26 el
0L '€€1
80 '8€1
r® L1 .wiv
717681
L5 '6€1
L o5 92 '6€1

= 69 89T —

80

€4
19

2

0L

]
0L

80"
L1

V16
LS
9L’

6el—

RZ45N%
2T~
121/

G211

681
0e1—

BeIx

e

129

131
f1 (ppm)

..WMWMM&.L»

137

139

40 30 20 10

50

90 80 70 60

0 170 150 130 110
f1 (ppm)

191

210

S36



€281

00§ G—

69 "L
A
929°L
168°L
o167,
096 "L
10670
€90 '8
9208

8

8

8

SN
196"
GER”

LN T

€82 21—

69%
TA

929"

168"
616"
096
146"

€90°
910"

196"
198°

108 '8 —

7.6

8.0

8.4

8.8

f1 (ppm)

=00°¢

F86°0

ot D)
o, 7T®
S
o
Fo
z
L s o
SN
e
bt
b 10
~ 0878l o
£ wva 0€ 381
eS8 16
o 66621 (274l
Y s 16 721 8
Fe= 4 86 G217 -
£9 71~ 1921/
..... §1°221—
45 "GeT— Lo
oo 17 61— £9 421 -
o™
98 9¥1— -
o q
&
ot
L 02 '691— o
66 'GET~
b 116817
e
Loy 61661
1 _mﬁw
56 6¢17
| o £1°0p1 3
-3

50 40 30 20 10

70 60

80

170 150 130 110 90
f1 (ppm)

190

210

§37



20 10

30

I

o< Q - o=( Q
o, &R o, ZT9R
0 = b 2]
() o
— Fo
O V161~ O
TT6g
e 68 °8¢
01768
G9L'T = =267 mwmw
e w €468
mmm .Nm —_— AHO.M 7668
99¢ 7 00°¢ o1 0%
96 7 .
006 'Z ]
705 2 50 °231—
I~ RTa
06 .EW
19¢°L . 96 p21
9¢ Lis
vie°L 10 i 86 °G21—
19¢ L LIEL - _ 50 221
vig'L AN i g G1 7
L1871 568 "L~ - Lo B 05 721
268 °L 01v°L i - 96 P21
GBE "L vIv'L - H b 86 621
0T 'L 127 L . £6 621
VIV L 820 L - 60 £0 T€1 P
120 L 8h L 1 o1 6€ e 5
[ Vb GeI~: 20 TeI—
G88 'L —_ & 396 1 o GLLeT7 AR
£68°L A 1670 62 '8€1
206 °L 0a 56 '6¢1
06 'L FS 8 Gl 681
786 ”N\ =D o At .
6008 P 68 FET
- m = 96 '891— vhGeT—
L& - §L LET~
988 Ly = = 62 °8€1—
€68 "L\ i
012 11— —006 LT —— Feo'l GG 6ET—
. o6/ K Loy 216817
o~
V86" L— i
€008~
Fa 16°2h1—
-

50 40

70 60

124
90 80

127
110
f1 (ppm)
S38

130
130

f1 (ppm)

MMM

133
150

136
170

190

139

142
210

230



9281

00§ G—

81V~
66
L’
LS’
9Ly
8EG "
G26°
LE6°
L20”
9p0 *
192"

| gttt —

mwwm\(l\ [ e e

£g1 21—

BIP”
66V
L’
LGV
9Ly’

BEG”

G26°
LE86°

La0"
9r0”

192"

7.8

8.2 8.0
f1 (ppm)

8.4

=00

012
Zo01
£16°T
»84

68°0)

F66°0

ko

f- 0O

10

13

14

Ly

%ol
el
el
621
Hel—
1€l
zel

GET
2 'GET

BET

61—

L1

Ly
€l
90

L8

68
a

91
01
0¢
61

La
64
v

o1

PEIA
YeI—
‘617

01—

TET
2e1—

ee1—
GET\
Ge1—
9e1—

BET—
BET—
OvI—

'v

!

f1 (ppm)

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

$39



8B T

00§ G—

vi6'e

GLZ”
90F
bav -
BEV "
@t
0Ly "
0§

L16”
ve6”
610°
LE0°
G60

|ttt ——

I f[ |

00 00 00 b= b= b= b b= b= 0 0= 0=

816 11—

J

GL2°

90F °
24
86T "
(5
i
G

a4
0Lb
L0S

L16
ve6

610"

LE0

G60

e
g
8\
‘g~

7.8

8.1 80 7.9

8.2

f1 (ppm)

e

=00 7€

=867

-\oog
012
Hmooq

G0°1
Mooq
€670

FG0°1

10

13

14

‘L11
1z1
k44!
s Bel
el
el
0921—
08I—
PN E/a
661
.mﬂ%
261
6ET

L8T—

BOT—

92

€0
Gl
9¢

88
81

65
Ll

66

80

Le
16

ST

TGl
6ol —

2l
. .«2%

e1—
931—

0eT—
el

eeT—

2

'‘BET~
el

136 134 132

122 120 118 116

126 124

128

130

140 138

£1 (ppm)

Sl LUl

L

110
f1 (ppm)

170 130

210

230

$40



GOR T

004

TP

7
I
o
96L "
926
V6

4
170 "
81
"84
A
90¢ "
G2¢”

‘g

GPS
€6
GLL

Y20
G560
P11
v8I1

878

7—

8B 'TI—

1wy

GvS -

£GL°
GlL”
96L "

926
eve

Va0 -
170"

G60
200

P8I1”

90¢ "
G2e

8.2 81 8.0

8.3

f1 (ppm)

P

00°¢

602
16°0
1072
201
10°1
20°1

1660
00°1

£86°0

=060

f1 (ppm)

€060
06 '8¢

V6 °6¢
S1°0F

L0221
be vel
8G 2l
99 val
91921
L8°LC1
v6°LEl
8 ‘821
€€ 621
G0 081~

%9681

€L 891—

L0°2e1—

V2 VZIN,
8 P21~
997217
91921~

LB'LC]
¥6°L21
8V BT —

£8°681—
G0 08T —
01°T81—
26°281—
05°e81—
88°¢e1”
68 'GET—

8G 'BE1—

29681~
186817

133 130 127 124
f1 (ppm)

136

139

ool AL

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

541



g6’

092"
042"
€8G”
1.8°
88E
86¢ "
LoV
24
€69 "
voL”
€es”
6E8°

662

ol

71

7.3

£1 (ppm)

T

7.9

8.1

=00°¢

72670
£80°7

=88

FG6°0

10

11

13

92°€8—

89
91°LL
8V LL

8% '2al
69 V2l
¥1°621
09621
G 9g1—
9L°1€1
§1 .Nﬁﬂ
G9 el
€8 VE1

1€ '8¢€1
9L7'6¢€1

80 '891—

8%

64
b1

Gy

9L
§1
G9
€8

9L
G¢

eel—

NZ48N
621~
"6z17
9217

TEIN
‘gel—

€¢I
eI~

s 881 —
661 —
0r1

30 20 10

50 40

60

70

134 130
f1 (ppm)
5) 130 110 90 80
f1 (ppm)
S42

0

142 138
190 7

210

230



o, ZT®}
o=
O Y=
n 7
@
2681
005 2—
o«
§2p 'L L5
oV L =
057 L 52y .; -
097 'L ovp L I
GLY 'L iy Js02
HONAN 09v L |2 €870
€08 "L~ — GLh L & 960
616 L — © »mm 0
166°L L F e 7670
196 °L 6e9°L
L10°8 =z
920 '8 )
8€0 '8 e
€08 "L— o
616 "L\ Eo
186 "L
196 L o
L10 '8 o
920 .w\ B
860 '8 s
65 'Z1— Moy 2
4]

=00°¢

Fre-o

F o

0
O H—
0 7
&
59611
1€ 221
99 721 r
96 21
£8°'921—
0T 21— 1€ '281— I
L2 Ve 99 121y I &
£0 981 96 PaI~ =l
€681 65 'G21— .
9¢ 6] 97—
e £8°921 (@
)
. =
78 '891— o
01 °281— re
L2 pe1— I
[{=]
£0 981 — Fe
g5 LE1— L
9¢ 661~ =
116817 =

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

$43



(3 -
w,
O“ANH Z o“ﬁ I
i Fe _
¢ 60°62— — ]
- 68°8¢ =
L 0168
1€ 68
1981 =00°€] o 25 °6¢ ]
u 6166
005 2— v6°6¢
G1°0F
- en =
8¢ 21— [
V 89221
<H =t -
pas [t
09p 'L Fes
1247 .NV - §¢ 201 =
esp L/ o o 89 221 90 P7T— 3
097 2 S 90 V21
i L e _ a 187 -
S8 "L A 2 Lo & 91 621 18 paI— °
§V57L e - — Lsal 97 671 K
£95 L 61 .N.\ b 82 921 2h 58 —
286°L i = 1€ 921 - _
0092 & o Fe= 91 8Z1~¢ A —
61924 £0°7 €8 821> ro —
geo LN T —— ® 212 S 829217 g
o e —— b 102} @ ggue1f eV (85 —
810 8 = €] €01 bz .mﬁ\ Lo —]
o < ey gl
o~ 1 26 ¢Vl -
8218 b [Fe =
8918 126°L— - =
12¢°8 870 '] ; 91 '821— 2]
2ve '8 960 '8\ ” | o 86 691 — i —3
~ €8 821 — [
821 '8— = | s 0
891 8 = | o
™ =
o0 .
&
25y 21— 126 B~ i 06°0 - o
Zve '8~ | o 2
-3

130

170

210

230

f1 (ppm)

S44



a8 0
6480
GIB'0
0821

€L8 .H.\.
69¢ 0—
96V "2
005 2
G052
0652
0662
895 2

02 °L
812 °L
8€% 'L
692 'L
182 L
906 °L

706 "9
L06 .m/

ove 11—

av80
698 .QW
G870

082 '1—
6051
TIPS T\
0961
8L8°1

69

961
00§
G0§°
0€s§”
046~
89G*

wl

(o B ok Hak ol o |

706 "9~
10697

V0% "L~
81 'L—
8EC 'L—
642 "L—
18 °L—
908°L—

0.8

1:2

1.6
f1 (ppm)

2.4

2.8

7.10 7.00 6. 90
f1 (ppm)

7.20

7.30

= 90"
=007
60"
» 20"
=00

f- O3

10°71—
2122~
17 82— @
6586
01°6¢
1€°68
2668
€16
¥6°6¢
G1°0F
J{E
92" L11— —
o 61°6ET o
-3 22681 %
V2681 =
L2°6€1
ok
§b 90T~ e —
92411 8E6ET -
96 221 . oF '6€1 4 :
I .mﬁ% 68°611— L § g =]
197221~ —
Lh9gT— -8 —
22 ‘681 2 - m—
£ '6ET = ] —
07 "6¢1 \ BXp! SE
2v 'S 952z, ®
29°2217 -
98 '891— e -
66 TP1— o
L -
~ 1eer—
i S0 T
S GL2p
V3 58I~ = o
(41 21°ev1— b
2

170

210

230

f1 (ppm)

$45



998 '0—

QOpApT————t,

V65 17
629 .H.\
005 °2
€452
GLS .NW
1662

QL1 "G—

€8¢ 7L
66¢
[a4
LEV "
657

[
v1e .m#f

S o

968 "11—

S

006 'T—

GLG°T
¥6s 1
C19°1F
6291
€691

005 2
€56 .NM
218 3T
Tea 2/

€el'L—

Vig'i—

€86 "L
B L~
22y "L—
Leb .Q
657 "L

f1 (ppm)

f1 (ppm)

107

Foe'g
€0’
86

10

13

14

PO vI—
2182~
16°82—
%0.31
26687
82 °86—
V121
vL 621
£9 821
11621
52 TeT—
o
75 Le1— =l
L0 TV
el
68 V1
PO PI— — |
-]
€8 '891— m/m
2122~ — ~
20 €2~ 1 &
L
o™
16 83— —
18627 = ]
86 62’ —
61°1¢

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

S46



Pl

BN
005 27

62F "L
66 "L
Shh 'L
19 'L
187 °L

695 "L [Ya

885 °L T BER”

966 "LF ===’

666 "L 19%

€608 18"
G608

696

886"

966"

666

e [mmo.

GG~

8.1

f1 (ppm)

=00°¢

=663

/608
=601
00°1
86°0
10°1

Fro1

10

12

13

0L 02~
€165~
6886
01°6¢
% be
2566
€L °6¢
V6765
G1°0F
F S
) £6°€31\ 3
€5 621 ezl — —= L
v8€Cl 09 21— —_ b
09 vel 816217 T 1 |
81 631 8
G1 631 z
£6 621 @
£6 081 w
9¢ 'e81 51621\ &
L2 8] £6°'621— —3 |8
80 .wﬁw 26 08T — — | =
82 '8€1 3 _
8 61 )
s 9¢ €81 <
68 01 9ggeI~  —3
LLeel- Ty 3@
-
0L '891— H 8
80°8¢1 5 |
g~ =% 3
8% '6E1— J_ S
05 0v1— — |~
6801 3 (o
=

L

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

547



PR —————————

0LF "2~
005 27

8ah
09
08k
625
[45s,
066"
pas -
89G
886

LG6°
96"
L66°
171

00 0= 0= 0 [ 0= 0 0= O O O O O

9IL 11—

e

09 °
08F *
625
[a%
046 °
P§S "
89G
8BG

L6
9.6
L66

1P

g
-
-

f1 (ppm)

=00°¢]

=20°¢

66°0
10°1
=10°¢
960
MS.H
660

Foo1

- 0O

10

11

13

14

197111~
01 21—
50 5214
£6 921
60 621
16061
2¢ te1
2v 681

€9 '891—

L9°L11—

01 val—
G0 621 —
€6 "9g1—
IR ol
60 61—
16 061—

38 "eET~
gL ee1”

80 861~
b9 8EI~
2y '6E1~
62 °0p1—
66 Th1—

118

122

126

130

134

138

142

f1 (ppm)

MWMM-"LW

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

548



16870
998 0
28870

00g T

196 17
17917
0h 2

005 2

€052
0847
20972

129°¢

866 9
€60 7L
1€6°L
18€°L
687 'L
605 'L
688 'L—

>

869 'T1—

866 "

€83 "

1€8°
168"

687
605 7

688 "

J\f

16870
998 .oW
4880

00€ T~
€ T~
gse 17

m‘mm H/

A

L5

1.7

f1 (ppm)

1.9

=50
E11°9
51077
200°¢
=00°¢
507,

i
:
%wm 0
=001
ER6°0

=860

o

ko

el

10

12

13

CN
" )=
o
66°61—
6022~
b 82—
0168
1€°68
266 i
€L 6E
V668 L0 0ET i
STOV ¥1-0¢17 -
L1°0€1 [ S
3
|0
e
-
. . [te)
181 gy g~ M [
JggaT= B9 EET e
p1 .oi - B
L1081 =
b el F 6022
29 mﬁ\ (S g6
o
69 Zh1 [
Ph 89T — L
[fe)
[
67 LET~ L v 82—
Q- ™
09°L€1 'S 6o
8 £6'62
8¢ "8ET— e e

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

$49



,Ju T

L

p28 1
26V 2
961 2
006 'Z
506 2
(04 "
£0L 27
izl
ﬂuw w p12L—
L8 "L %62 L— 2
ol
LTy 1| 128 L7
ogp N e 068 L 9 m
i — ~
09 "L — -
hmv.mu
i 825 'L— . S
szt LvG Lo M - 8084 N
we'L] 99617 g  Lvi— &
996 "L [ oppi— =
9¢ e
= G4
806 .L [ v o
VoL "L~ M N
oLl [ B verL— 2
8@ -
0LL 11— ey | [ SR -
L LS L— 10
g 99571 -
~

Y06 "L~ L
806 L7 J

=£6°0

- o

=00°¢

11°¢
AR gy
260
90°1
L0l o
961
G6°0

=670

o \NH
50 b
(=)
6222~ O
L0°82”
68 '8¢
01 .mL
Ie b
2676
€176
668
§1°0F
50 921
O S
60" =
98" 2
08 °121— -
G0 9217 g
V0 "L2] 5
60 °L21 mm.
98821 —
88 1¢1 sl
82 21 56" &
86 0F1 k-
z8 2
£g" =
28 '891—
-
vz =
w
8¢ " -
€6 .
01° =

50 40 30 20 10

70 60

80

150 130 110 90
f1 (ppm)

170

190

S50



8L
8V .N/'!
00§ .NNI[
L1672

£18°¢

G60"L— —
6L8°L—

Go6°L—

164 11—

660 "L—

618 L
86¢ "L

965 "L
GGG L7

606 °L—

71

7.5 7.3

f1 (ppm)

7.7

=

JLJLJ oo

i’

=001

2807
NI

=001

=2¢°0
=4t g

Evero

Epe-0

F =

oo

10

13

14

:
3
(=]
MA\NHSU
§8°G1— o=
29°02—
20°€2”
06 '8¢
01 68
16 be
2568
26 16—
[{=]
1 °921— 3
25 '821—
2
1021 66 08— 2]
25 '821
6 0T
e1 el 3
LG .mﬁw LG €81 -
826817 8L €€l i
88 1817 g
£g .2:\ &
£ 2V =
29 °6v1 88 °261— g
geeor— €6 6e1—
96 89T —
o
By
€5 ZV1— ~
29 °GV1—

146

40 30 20 10

50

90 80 70 60

190 170 150 130 110
f1 (ppm)

210

230

SS1



OHA & L OHA N\

20 10

30

0, ZTR ) Oy = 4
o’ o
o
29702~
5060
L 6886
016
) i It Do
58 T—— =007¢| 2568
A b6
g ~60°¢ 6 °6¢
005 2~ 510
e
L
(Sl Te]
g 6L V21—
Lo B 197801—
S11°L [ b 6L V2l
S1T°L :
. . 17 '821
§9¢ .h/ L WELRY 8¢ .02/
86 L : JGL'T L1 0eT 1% '821—
mmm .MN — [ = w4 16 €€
. _— . I 08 €1
L6L .% GO L~ i KRN 06 °L€] 8L 081~
G16°L 686 L7 F o 9¢ 681 LL0e1
26 61
| o \W Fe
165 "I~ ! ;
066 "L~ © - 09 '89T— MVM MMV
E L G [—3 < < e
o~ [~ vt
&,
Ly
- . L -
16L°L & 06°LE1—
QT — “— FRO”
168711 . K =1 g 9 '6E1~.
4 256817
| o
o0 [
L3

80 70 60 30 40

90

110
f1 (ppm)
SS52

129
130

f1 (ppm)
170 150

138
190

210

141

230



o, TR
Yo O
o

8281

G

006 2~

160 °L— —

868 "L— —

= 160l
865 "L~
81 'L~
GhG "L~
y95 L/

b6 11— P

=00°¢

=%0°'¢

~98°0
=194

=601

=960

b=

10

11

12

13

[17]
o _
>
M& o
o
99°07~
11°¢2~
68°8¢
01°6¢
e '
28"
€L 6¢
V668
g1°0F
2
091II—  —¥
09111~ wen—-  —4 |
Ly e &
01121
16061\, ]
L1181 S
& h&
LL6E1 QB
68 6€1 ~E
oLLzl—  — T
[=3
i 16 08T, B
L5789 aer- —% |7
e 3
09°¢el  —
26°¢817 L 13
86°Le1—  —
weely  —% L9
68661

50 40 30 20 10

70 60

80

170 150 130 110 90
f1 (ppm)

190

210

S§3



L
961 '
006 2
506 2
80L 2
—
€Le L 3
LIEL £16 1N [ )
16€ "2 X
e LEL
G66 'L = =
926’2 168 .N.\ =]
s G6E L &
009°L
v09°L -
=i m
51917 o
2818 —
G618/ S
==
&
@Nﬁk 5
_,Ol
194
t~
P8G L— -
009°L— &
R )
0L0 21— 8 <
299°L— =
69—
e
—

=00"¢L

=008

€01
16°0
601
V60
L6°0

=660

660

[\l

10

11

12

13

14

G912~
607627
6386
01 °6¢
e b
2568
€168
666
§1°0%
[{=}
1£°92T~ S
16981y 78921~
78921
¥9 TeT—
V8 Ve~ 2
SRRl P9 TEI~
et oF 2eT~
90 051 AN —
S8
P8 peI— =
— 90961 — e
mw wm 66981 — o
ve il =
85 '6E1—
oy TH1— o
82 2p1— =
8¢ eV —
10—
(=]
<t
—

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

S$54



20 10

30

50 40

FT
Fo
2112
e 51 .NNW
L1722
61L T =10°¢ 68 '8¢
886 2 L 01 °6E
160 ¢ . e
Al — *30% 2665
G6F 2 =007¢ £L°68
0062 q Les 666
05 2 51 0%
605 2
oz
- <t
o
~ ©
590°L S =
19072
€802 - w
980 L = E— -
LIV’ Fog &=
1879 o . g S
G8Y "9 ——glzL - — =66°0f = Py 911
68 "9 182 7L 6670 o 66811 o
590 .MI Inww % . €01 56 .m:V =
ore L= =682~ m 9670
t~ 80T 68 HGNH| n1/_1
€98 L7 W8 L= =661 o 047181~ —
P88 L 9% "L - s 2 ©
16872 <D 8 '8¢1 &
L9872 ) £¢ 'GhI— g
[:) = Lo RE
B6E "L w e
81V 'L o =
VeV L & i
§87 'L = o
g % 8L '891 o
~ F= 3
= =
9z 11— e F10°7 ©
°e) FS ey
= @
o
€98 "L~
¥88°L— o Fe <
R
F

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

S§§



6E8 T

004 ¢~

61, e~ —

2569
G622
1L2°L
€62 'L
126 °L
8€€ L
651 "L
Liv’L
295 7L
18G°L

o9l

29" 11—

/

G627
1.2
€62

126
BEE

651
L

295
18G

€19
269

799
€89

L
s

g
G

g
=

-
i
g
g
g
-

f1 (ppm)

Fzo

0.0

1.0

10.5

£1 (opm)

8912~
66227
68 °8¢
01 6%
e b
26 °6¢
£L°6¢
6768
P10V
91 '121— =
18°221—
-
21 21— X
16°G0T—
L2 111—
91121y &
e
£ 161 097821~ _
G181 o &
1€ 2€1 e
(252N £ '1¢1 -
167661y, SP TE1 "
62 41 1€ °281— 5
o
18°891— .
G peI—
2
i
91 °L81—
2
7€ '6e1— —

SRRTVRUPTS 118 SRR, W I

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

S56



6221
L6% .HW
G1€°T

9871

ey 0000

005 27

91¢ "V

082 ¥
862 .vv
£ee v

9169
G236 cV

10V "L—
166 °L—

€8 11—

916 "0~
§26°97

107 "2~
017 "L

695 'L

685 .mM
119°L%
1€9 .m.\

166 °L—

6.9

1

o«
—

7.5

612 "1~
61T

98 T——

L9V e —
005 27

f1 (ppm)

082 ¥

862

W

2.8 2.2 1.6
f1 (opy)

3.4

4.0

‘ .

=10°¢
=00°¢
=867

=607

£10°1
=860
=304
=960

=160

[\l

=

10

11

12

13

14

€evI—

9L°02—
5027

68 '8¢
01°6¢
1€°68
25°6¢
€768

69 09—

81
Gp
G1
V6

[l

0L
e0

0L

el
Bll—
Ge1—
0eI—
1
Ov1~

)
BEI=

BOT—

81

v6
88

10
68
Gl

e0

B[

B1T—

Gl —

08I~
18—

Te1—
Lel—
O¥I—

TYI—

|

135

145

125 120 115 110

130

140

f1 (ppm)

IHIII|||||'

110
f1 (ppm)

170 130

210

230

S§87



0L
097 %
967 .va,
006 2
€ e
81 "IN -
: €0z "L— &
www M. eaid
222 L
0L 10070 -
b oLy .} 2
o 4 067 1
26V °L a6b L
2eg Lt T ;
196 2 — C9§lz% &
——=  105% 2
1834 18 2
9z —_— o
6128/ . =
8926 064 "IN ™,
8126 - 8eLiu% =
6826 €18°L o
162 6 p06 "L —
o
oo
122 11— S
™
o0
192 8~
612 8"
-
o0

=00°¢
=662

=G0°¢

'z
a0°1
96°0

500°1
=960
=001

=860

Fe60

oo

10

13

14

7902~
20782~
68°8¢
016
16 D%
26 °6¢
61 05—
98 721
18721 g
52621
v 621
£ 801—  §1°421y 5
067211—  Ll°L2l7 —
89 L11—  BELZl
NWNMN LL'821— %
81221 =
8¢ 221 L6281~
VL 621 166217 =
6V '2€] B
£0eel @
&
TP 69T~  6F 28I~
62891~  187ZEI~ @
€0 €817 =
[Ee)
=
£9°9¢1— 5
LZeT— —

20 10

70 60 50 40 30

80

210 190 170 150 130 110 90
f1 (ppm)

230

S58



L =

00§ 2~

69—

160°L
690 °2
Lve”
€92
e’
12V
667
e6b
[
1€5°

|

P09 11— =

160
690

Lve
€92

vve”

12V "
6EV

i
615 ”
168"

.
-

g~
-

7.05

7.20
f1 (ppm)

7.35

a

|

—_—

=00°¢

=£0°¢

F00°1

1610~
€627

68°8¢
= 0168
™

1€°6%
25 °6¢
€L°6¢
V6 °6¢
G1°0F

98
0¢

¥

%0
G¢

6%

ol

LL

g1~
Lel—

BG1—

TE€1—

N

BT

eI~

BET—

Th1—

v

e

i WPy

—
—_—

-

136

J

el

Lol i b b il

128

132

140

144

f1 (ppm)

....._._..L..MHL.__.__J._JL.._

20 10

30

70 60 50 40

80

0 190 170 150 130 110 90
f1 (ppm)

21

230

S59



6E8
P68 "

LOB”
L18”

180"
960 °
[488
Vee”
SVe”
092"
106"
028"
$9€”
98¢ "
v
o’
18%°
G6b
818"
665
8VG
6657

180"
960"
[408

vee”
§¥e”
092"

106"

96
98¢
v
o

18F°
e
-
g
.h.\.
A

S6¥
G14
6€5
8§
655

e

=
-

”M/

X

Br

5b

7.50 7.40 7.30 7.20 7.10

7.60

f1 (ppm)

<

£

00°1
281

86 °0)
9¢°1

10

11

13

[
968"

GI8”
€o8”

980"
€01 "
L1’
€1z’
065
166"
092
887
L0e”
92¢ "
9pe "
6VE
L9¢”
GRE
i
o’
v’
18%°
9ps
996 °

o= 7~
S
g
7N
A
>
Nv.|!
14
L 980 "
L €01
L LI
1A
L7
1
A ___ ez
R — 052"
X — 167"
)
ML 882"
y
w 92¢ "
L 9pg
i 6VE
i L9€
i G8e”
L] Vb
L £op
Wiy
18F°
9y "
996G *

7.20 7.10

7.30

f1 (ppm)

00°¢
Amm 0]

=£0°7|

10

11

13

S60



Al F o
1
=
Lo -
€267 F
m«.mmv
- FS
3
[=]
SR =
R e — -8
4 -3
g— — =007 2
L ©
V89 B
| & e "
L= 8vLL) ®
[ .
€2 °821— =
001 L1 9 Lo [
611 L e 2 i
092" L1 a 29°621—
062 'L g L
L " i &
" (S — —
m,mm 1 ) H 20 .NNHV 61 1o — [0 L
A L1l 0% 221
1881 19 JE M 44
AN oo 5 8671 gz]— 867161~ - °
26¢ "Ly © ——3 Yoo egsg1— 86 1¢1 L8
218 LF = %wwg 18 0E1 :V..mﬂ.@ -
16€ "L o 250 6111 g e I
ovY "L e [F:05 8¢ zel 56681~
5P "L o G¢ 'gel 15°¢eT | .
L0 L] .- 81 '9¢1 € L2
527 °L] L = S L33
eV5 7L o i L
8V5°L b
256 'L K - §OT0T= mrarn L Le
196 L R = 2%
996 °L1 L5 I
1572 E ~
= [ L n%
e =)
L © e |
— FY )
69 °6E1— | o
e} 2 B
| 18 9¢"0V1—
e B L5 I
L8 I =
- L8
vH [N}

f1 (ppm)
S61



62°62 —
61 607 ]
E
V89l
gp°1) J
o
20231 — FE
-t
re
LS f
20 281— - =
82881~  ewim L& —
L11g1s  988el - |
. 19°621— = :
66 0P1 LS =
mﬁozw 98°061—
R g F8E
[=%
16°681— N
4y
12°291— 3
L —
L &
K
GG 0FT~ =
LoV~ &
F <t
9L 2hI—
£
(=]
R

110
f1 (ppm)

0

190

210

230

e e

662
692 0
82V 2
006 *

NT(])

LG6°
086
Ge1
961
LL1
ey

8GR "L—

e S =]

il

98 '11—

r

L6 "9~
086 9

GET "L,

961 L~
i’

(AR
26V L

8GR "L—

A

=00°¢
E

00°¢
€0°¢
10°€

¥V6°1
3202
=96 0
=260

Fis-o

{- 0O

10

12

13

14

S62



o ZT

®

20 10

30

£F 921 —

16'821—

GL'681—
£0°0617

167261—

85€e1—

obGel
o4 .m_.ﬁV
91 '98T—
81°LET
92 .E:V
66°LET—

70 60 50 40

129 127
130 110 90 80
f1 (ppm)

131

f1 (ppm)
150

SR | RN N

170

137
190

210

139

230

96k 2
00§ 2
P05 "

18L°€
At

1GR €
018 ¢
€68 ¢
668 ¢
L66 ¢
810~
e
992"

€29
861"

G¥L 11—

16879
0189
€68 97
66897
L66°9—
810°L7

— W2l
— . 99Z°L—
198 L=
" 19¢ "L
186 °L

€09 'L~
99 °L—

6.9

il

="

£1 (ppm)

481 '8~
861 87

8.1

=g¢'e

62 0]
Aoo e

T

DY OCW—NOOO
A O

S
SS _SOSSNNSS

Fo1°1

S63

12 11 10

13

14



o
0. 7(_)
ows
2
() 2
10°€2—
68°8¢ 6 ©
01°6¢
1€°6€
26°6¢
£2°65—
5]
¢ '831— =
LS
o
£2 081~ £
1270817
=
26 '181— -
f- o3
€5 eTT— a
2t 821 &3
€2 .oa/
12081 o
et reg
26 '1¢] e g
i ea\ vy el _—_
€6 .mi\. FS
8 °0vl £6°561— L8
1€ °681—
|85 1
P8 891 — =
65 'LET— w
f- o
- 1
1S
(=]
e
28 0v1— = -

30 20 10

50 40

110 90 80 70 60

f1 (ppm)

130

210 190 170

230

608
16F
96V
009
G505
605

INENENEN I ]

09
Vi
L6V
Y16
8ES
€8G
009
819

el
689 4
iy

9128

e e e e o

G692 21—

—_

09 ”
0Lh "
si
L6V’
80G
025"
8EG
086"

684
009

799 °
129"
9L9°
819"
v89”
889"

G501
G321

962
9L%

O e e e e S Sy

e

(P P rr———

‘g
g

‘g
g

J

M

8.3

8.1 80 7.9 7.8

8.2

8.4

=£6°0)

10

13

14

S64



86 22—
6886
01°6¢
26°6¢
£L°6¢
76768
S1°0¥
55 2gT— [
. 76 '621— -
55 221 L
V6 621 -
v1 621 ] Fe
167621 A AAN
89921 16°621— F
86 °LE] 89 9g1— =
0V '621~¢ S
910817 :
08 To14r 26°L2 L
€€ 'G¢7 (@
§1°L€1 ovez— —= [~
96161 P T (R S S
—
4y
Feon
05 'Te1— — 7
00 '691— r
L&
L
£¢ '6eT— — [~
-
T 281— — =

50 40 30 20 10

70 60

80

190 170 150 130 110 90
f1 (ppm)

210

230

€69 '1—
GEV 2

96V "¢
009 .NW
G052

G86 ¢
900"
160"
690
L8O
OTT"
GET”
091
181

€38
9.8

[ e e o ol e el Sy S Yo

89 11— ——

G86 90—

900

160
690
L8O
911
Ge1
091
181"

02¢
ove

£0e
£ee
eve

asid
€14

-

-
-
-
.
-
-

-
-

-
.
.

-
-

7.10 7.00

7.20

[

—_—

f1 (ppm

=00°¢

=967

96°1
0°2
66°¢
€0°%
€01
701V
=90°1
=660

FG0°T

3.0 2.0 1.0 0.0

4.0

8.0

9.0

10.5

12.0

13.5

f1 (ppm)

S65



0L ~F
o2
1602~
2820 O
6886
01°6¢
e be
2566
£L'68
668
51°0p
3
B
V2281~ —s [=
£2°621— —
A A
8
3 —
68621 3
¥2 221 £6 6217 — &
YA Al 66681
vz ve1— 88261
6% 621 06281~ — -
8¢ 'ze1 b9 £e1— -4 |35
61 L8 se
1891, ] b
01°Li1 G1°LETY
92 "LETF = (o
9p L1 g
62 '89T— 1
il
3
(=3
18°9PT~ = =
01" LV~
E

30 20 10

50 40

90 80 70 60

190 170 150 130 110
f1 (ppm)

210

230

822 — =008
VoL 1— =g = 86"
62 2
96% .N — = Q]
0052
506 2
<
[=2]
169~ <
98679~
o
v16°9 :
96 9 ve0 L~ -
VE0 L 9R0°L —
= M EET "L = 7
b6l 2 a1l o L6
G027 ”w GOz 'L— o~ 86
mwm m —= §eeL” 10
A s ¥ 16
06t 17 ~ N = 66
o - 828 L~ 2 -
698°L £ E 96
<
~ &
E8F "L~ 1o
£0G L~ =
©o
e
o~
ol
08y 11— S —— F 8
w
=
698°L—

oI T

6
f1 (ppm)

13 12 11 10

14

S66



i

o
o, =T
15702\ N
98°22— O
1218~
01768
16768
26768
€168
V668
G101
TLEl .
11921 11°181=
2921
GV 621 =+
78 621 R e g ey )
€6 °1€1
86 'ze1 £2°921—
£9 €€l %
i PN :
o6 o] 28°621—
I .ELM N H:ul S
LS .mS\ 86 2e1— e
Vo LVl £9°881— 2
e
. 02281 O
0¢ '891— Om.ﬁmav
£e°281
g
-H
=H
Lhhi— —
LG Gp1—
b0 LPI— &
2

20 10

70 60 50 40 30

110 90 80

f1 (ppm)

190 170 150 130

210

230

22 =86°4,
1954~ — = 00
AN o i
00§ 27 1
2269
£V6 9
6269
000 2 ) 5
L8171 226 "9\ %
9pT L £V6 "9~ 00
€ "L 6169~ 96
19¢ 'L 0002 90
19671 = E 86
s T e = 60
ovG L —op1 L = 10
616 °L— ~ — = 96
6862 -
Tog I =g
L9¢°L7 G
o:lw =
0gp L 10
€25 "L =
ovs LY
2957,
i
~
I0L ' TI— R o — E 6B
616°L— o

10

13

14

S67



€618\
8G'€C—

8G°'16—
67 Ve

89
91°LL
8V LL

L2221
5% 221
¥S vel
2€ 921
59 ‘921
5921
£1 08T~
560817,

Ve .wg\
L9 vrl—

G OVl
b6 orl
6€ 8F1

TL°L9T—

L
17

o8
GP
¥§

el
GG
60

69
124

03 ¢

99

8¢

o

|

L
131

L

123

127

135

139

pm)

EL9Vh1—

GPOVIN
¥5 91

6€ 81—

147 146 145 144
f1 (ppm)

148

149

1“ ) J

hon

110
f1 (ppm)

130

190 0

210

230

8VG

00§ °

€L

GI8”

066
110
050
890
V60
P11
L0g
1Ay
9ve

i Sl e =i

€06 01—

GI8”

066 ¢
110°
060"
890
V60
vi1”

L0g
4N
9ve

.
e
g

007

= G6%

F 1o

-

10

13

14

S68



18°26—

68 8¢
01 .2»

T

2666/

62°G5—

GG '601—
£L911—
ob eel—

¥S§681—
L6 VET—

RN
£1°Lh1

207091 —
6L 01—

L9211~ =

oy eel—
B1°€21—

G1vel— \J

3

E

=

S 621~ l
1276217

E

=

=

3

E

=

3

118

121

124

130

133

136

f1 (ppm)

40 30 20 10

20

110 90 80 70 60

f1 (ppm)

130

210 190 0

230

182
LVS

006 *

998"

88L"
126"
176"
610°
660
122"
162"
vee”
vee”

=
rfem

€68 01—

Il

88L9—

126°9~
96 °9—
610°L—
6£0°L7

122"
1621~
peeL—
pee-L’

6.8

FT

Fo
=000
=60
SN

S

F G0 E o
(ST

F o

J
80"
mmz?
»No.v
66 %
f- co

F o

3=
=860~
ey

&

-3

S69



— Fo »._1
&=
— e
FS
8I'gs— -
. 1 FS -
86'16— 3
67 Ve =
[ =H
|m e
¥8°G6— — .
F3 86L '2— _ — -o00°¢
Lo
¥8°9L
91°LL = ko
8v°LL 3
[ o 15 p— —_— — 607
= 10
g
: = 3 LS E&  0927L B -
8T0T1— 81°011— +r= = Gog 1 e
11°L11— — & 1862
tats | — 168°L | N
: 01p” =~
Mo} 1T — " — 8 s 092 L~ y80'6
0L 621 o = = Geg 'L~ == / L Il.nlm_ 21670
‘op ) L 228°L — 856 'L = =16"1]
EPEEL tat — 978 L 2081\ w
LLYVIZ —= 078 L 988 °L— S
29 'GP . SE— ] L2 . vov 'L F
79 " 1L v21— L8 = 8L L
6¢ 9% gg9z]— ——— % a Q98 "L GIv "L i Lo
=3 | - &
PO 191— . 3| o8 = G86°L— £
0L621— — e o
98°L91— b 1 L FoE Lo
Lvgel— g N
~ I e
= LS 2281 ~ kg
M = 8282 o
V8 LT
LLYYIN & i Gv8 L S L ey
29 "GYI~ — ¥ - 8982 =
68 9VT— — LS
o "8v1— — s -
L0 = —
[=2

S70



66760

¥8°9L
91°LL
8V LL

G2 6ol
06 P2l
L2521
e 521
66981~
L 0e1—

76 'BET =
79661
61 °0F1
90 TP
17 1Pl

2
94

9L
2

76
9
61
90
187

el

TZI
‘G2I~
6217
‘9217

01—
11—

eel—
BEI—

8ETA.
BEI~
0p1—
Th1—
117

134 130 126 122
f1 (ppm)

138

142

30 20 10

70 60 350 40

110 90 80

f1 (ppm)

130

0

190

210

230

0161
96 2
006 2
b0g 2
G617 o
Fis
812 L~ -
V62 L~ o
84241 £9p L -
V6Z 'L GO 'L P
mmw w £8Y ”ﬁ/
E8Y 2002 e
006 L9 16 LT o~
0 o152/
A o L
665 .Tw/tjlfwwm .MM =g
166 .N\“ﬁ }ﬂv.c .h\ /@
mmm .M_ 29917 | =g
166 °L1 g
ik 2eL L~
¢ 16270
€59 L1 o
299°L F e
120 .L
[=2]
[ o=
[=]
L1021~ b 4Ehg = ”
L0 8=
© o

=00°¢

=90°¢

yali
OSDOLOD

Sooam
S LB S

M

Fzo1

10

11

12

13

14

S71



10 °80T—

0§
98"

La

¥6

Gel
%ol

GgI~

1e17
zel
eel

Vel
9¢1

BET

BOT—

¥§
29

4
€4

16
2]

66
0§

98
9¢
L1
Lz
6%

TCIN
'2g1”

GEI~
61

16—
ge1—

3
e

9ET~
o
BETF
.wﬂ\
'6ET—

133 130 127 124
f1 (ppm)

136

139

ok

1 1

50 40 30 20 10

70 60

90 80

190 170 5 130 110
f1 (ppm)

210

230

005 ¢~

0L T

66
LGV
S6F
G05
€16
024
82S
A%
P94

698 &\
LL6°L
V86 °L
26672
G708
P60 '8
2908

e e e e o

LL0'8

698 " T1—

6E
LSV

S6¥
€18

P95
€89

8€9
LG9
LL9

696
LL6”
V86"
266"

G¥0 -
P60 "
290"
690
LL0”

B
e

gy
-
82G
y—
-

o
b
-

7.50

7.60

)

=00°¢

Frso

10

11

2

1

13

14

S72



1e —
26 6%
£L°6%
7668
G1°0F
89°811— =
89 811
VG121
b6 o1 v 121 8
12621 -
26921 A TANN
Nm.mﬁw ¥5e21”
07061 o
60 1€1 12°681— -
G9°1€1 =%
Vo gel 26921~ 5
89 €1 &
ov "9¢1 &
78621~ H
0Z2°081—
60°181— L
§9°181—
922817
3&2\
&
89 FE1—
oF 981— -
o

30 20 10

50 40

110 90 80 70 60

f1 (ppm)

130

210 190 170

230

€1l

Lve”
092"
992"
106"
026"
IS5
0§¥”
697
P16°

{43

898
888"

660

8G0 "

e S e L S o S e

|

R

Lve”
092 °
992
10€°
02¢ "

JEN
0§¥
697
P1G”
[a5s
046 °

898
888

660
RGO

sy
e

.
g

L

9

M

7.6 "5
£1 (ppm)

7T

7.8

8.0

8.1

=00°¢

%9°1
V60
96°1

6860
=160
22670

10

13

14

S73



86°91—

W
OMSO

68 '611—

0§2a1—
98621 —

0§ 921~
28921

9821 —
£6°061—
BGZET—

67 EET—
98°ge17

G8'GET—

o8 0v1—

€8V —
v6erl—

w

130

134

138

f1 (ppm)

110
f1 (ppm)

190 170

210

230

(=
o®” _ ]
AV 1 =00°¢
252 L1
09z L1 262 "L g
oe. k) 092 "L~ %
s DT
26V L1 A
116 L1
086 L1 @
265 17 o Jor1
586 ° 0077
e
- 2260
< 0670
L L -
26V "L
LA =
085 ° &
26817 182
68S "L =
208 L] 109 .NW
; £09 'L
Ges'e 500 2 i
0291 &
229°L
669 °L
10
GGL L~ 5
GLLL—
£08 L —
208 L~ o
w0

o

10

11

13

14

S74



€1°LT—

¥8°9L
91'LL
8V LL

86 .w:/
£9°161
€1°2e1—

¥e0€T—
8L 161
66 1E1
L6261
69 '€E1
16 °€€1
L1881
€0 '9¢1
€6°LE1

0.0
BI

920

86 '811—

£9°181~
£1°28l—

e

L

$e'081—

8L 1L~
66°1€1—

Y

1872817

BOEE o | ce————————

16°6617

LL7GEI~N
€091

€6°L81—

124

130

133

136

f1 (ppm)

R | -

110
f1 (ppm)

170

210

230

QL

1996

092 °

§2¢
re
vie

68
[
166"
675
Gzl
28

B

092 °L—

628 L=
Ve .ﬁ
vie Ly
z68°L

—_—
—_—

—15"L—
165 .Q
675 "L

G218~
G¥1 '8

T

8.2 8.1

7.5 7.4 1.3

7.6

7.7
f1 (ppm)

8.0 7.9 7.8

J

=00°¢

=T10"8

(38!
Mooq
€0°1
=600

o

10

11

13

S75



GV 08~
8V €3~

V89

91°LE
wv.mm\

8V '921—
V9 z2el
08 .Nﬂw.
0€ vel

8% '9¢1
€L°LE]

£9 '891—

110
f1 (ppm)

170

210

230

092

gee”
166"

99¢
08¢
86¢
628

Lv8”
168"
016"

e e

092"

GEe
99¢
866

628
LV8
168
016

L
166" 2
998~
08¢ "
.m\

g
-
g
g

[D]-2a

7.45 7.30

7.60
f1 (ppm)

[te)

7.90

8. 05

EG0°¢

660
N.moo il

10

11

12

13

S76



o)
A
Rh-Cp*

[o}Ne]
>N

N\

1.

Dﬂu.d_
€T 2
667 2
96 %
005 2
05 2 €er e e
5GP .NM R
96V 2
005 2 o
05 2
866 9
9107,
€61 "L ) ° -
12171 b <
061 °L :
€68 "L =
§9€ L 4
0.8°L 3 eeT N m
. — TI'l— w ~
mmm.mw < 06127 o
Z8L°L
896 '8 _eserL )
8168 ) =
0L8"L a
PLE L F « B
8¢ .NN s
) o
86€ L &
-
[{=]
~
66L°L
€oL "L -
89L L i
8LL°L
28L°L
180 LF o
L6L°L
108°L
908 L

=025

{

20"
00"

6L°8—

G2 001
0¢ .ooHv.

06 €21
68221~
gL 681—
L8 PEI—

gl .@mT\V
€L 9V —

19°6V1-7
96 161
98 141

9L VLl—

o0 O

19

9§
98

Rh-Cp*

N
S.

ee1—

Lel—
631 —

> PET

YeI—
98T—

Yl

BY1—

16T~
151/

146 142 138 134 130 126
f1 (ppm)

150

|

Lol

30

T

50 40

90 80 70 60

110
f1 (ppm)

170 130

210

230

S77



