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Electrochemically-promoted Synthesis of Benzo[b]thiophene-1,1-

dioxides Via Strained Quaternary Spirocyclization
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General methods

Unless noted, all commercial reagents and solvents were used without further purification. NMR spectra
were recorded in CDCIl; on 400 MHz or 500 MHz spectrometers. 'H NMR chemical shifts (d) are
reported in parts per million relative to tetramethylsilane (0 ppm) or residual CHCl; (7.26 ppm). 3C
NMR chemical shifts are reported relative to the center line signal of the CDCI; triplet at 77.0 ppm. The
following abbreviations are used for multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, and m = multiplet. Mass spectra were obtained on an Ultima Global spectrometer
with an ESI source. The living cell imaging was measured by Nikon C2 plus. Silica gel (200-300 mesh)
for column chromatography and silica GF254 for TLC were produced by Qingdao Marine Chemical

Company (China). DC power supply DPS-305CF was used for all experiments.
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Molecular structure and crystallographic data
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CCDC 2044891

Table 1 Crystal data and structure refinement for 3aa

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.02
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [I>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

CCDC 2044867

Ci6H140,S

270.33

298(2) K

0.71073 A
Triclinic, P-1
a=8.2022(8) A
b=10.5431(9) A
c=18.8492(16) A
1454.5(2) A™3

4, 1.235Mg/m"3
0.217 mm~-1

568

0.45x0.34x 0.30 mm

2.16 to 25.02 deg.

-9<=h<=8, -12<=k<=12, -22<=]<=21
7332 /5047 [R(int) = 0.0342]

97.9 %

Semi-empirical from equiv.alents
0.9377 and 0.9086

Full-matrix least-squares on F2
5047/0/348

1.030

R1=0.0539, wR2 =0.1271
R1=0.0840, wR2 =0.1390
0.032(2)

0.260 and -0.346 e.A"-3

alpha = 75.696(2) deg.
beta = 88.800(3) deg.
gamma = 67.5160(10) deg.

—
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Table 2 Crystal data and structure refinement for 3Aa

Empirical formula C,1H;60,S

Formula weight 332.40
Temperature/K 170.01(10)

Crystal system monoclinic

Space group P2)/n

a/A 8.7021(2)

b/A 10.4858(2)

c/A 18.6175(4)

a/° 90

pre 94.841(2)

v/° 90

Volume/A3 1692.76(6)

V4 4

pcalcg/cm3 1.304

wmm-1 0.200

F(000) 696.0

Crystal size/mm3 0.33 x0.31 x 0.25
Radiation MoKa (A =10.71073)
20 range for data collection/® 4.392 to 62.1

Index ranges -9<h<12,-10<k<14,-26<1<26
Reflections collected 13579

Independent reflections 4586 [Rint = 0.0134, Rsigma = 0.0155]
Data/restraints/parameters ~ 4586/0/218
Goodness-of-fit on F2 1.043

Final R indexes [[>=26 (I)] R1=0.0353, wR2 =0.0988
Final R indexes [all data] R1=10.0385, wR2 =0.1009
Largest diff. peak/hole / e A-30.41/-0.34

-

CCDC 2171791 3la’

Table 3 Crystal data and structure refinement for 3la’
Empirical formula C,5H»;CIO,S
Formula weight 422.94



Temperature/K 170

Bond precision/A 0.0019
Wavelength 1.54184
Space group P-1

Hall group -P 1

a/A 9.2866(3)
b/A 10.4269(3)
c/A 11.1292(3)
a/° 87.053(2)

/e 81.996(2)

y/° 86.100(2)
Volume/A3 1063.72(5)

Z 2

Dx,g cm™ 1.321

Mu (mm') 2.647

F(000) 444.0

F000’ 446.46
h,k,Imax 11,13,14
Nref 4501

Tmin, Tmax 0.652,0.728
Tmin’ 0.518

Data completeness 0.954
Theta(max) 77.034
R(reflections) 0.0343( 4146)
wR2(reflections) 0.0969( 4296)
S 1.077

Npar 266
Correction method # Reported T
AbsCorr MULTI-SCAN
Limits Tmin=0.707 Tmax=1.000

DFT calculations

Computational studies Computational details:

All calculations were performed using Gaussian 16, Revision A.03 package.l'l M06-2X density
functional and 6-311G(d) basis set was employed for geometry optimizations and frequency calculations
of reactants, intermediates, transition states and products. All the stationary structures were characterized
with no imaginary frequency and the transition state structures (TSs) were characterized with a single
imaginary frequency. Intrinsic reaction coordinate (IRC) calculations were performed on all the TSs. In
order to evaluate the solvent effect of Dichloromethane (DCM), SMD method(?! was applied. And it was
computed with M06-2X density functional and 6-311++G(d,p) basis set. All reported energies are free

energies at a concentration of 1 M and a temperature of 298.15 K. All the 3D molecular structures of the
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species were generated by using the CYL view program.l!

AGSO\
(kcal/mol)

AGsol
(kcal/mol)

ol

H (0] ;//S
(0]

Cartesian coordinates of the optimized structures:

I

E =-819.436382 a.u.
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-2.85639700
-1.46900600
-0.80026400
-1.46778200
-2.85508800
-3.56633100
-3.39719200
-0.92027300
-0.91806700
-3.39497800
0.99114100
1.45100100

1.00010600
0.98541500
2.20311700
3.42164000
3.40841100
2.20460600
0.05983300
0.05143900
4.35501000
4.34924300
2.20223700
3.47941800

0.00622300
0.04553700
0.08259300
0.04737000
0.00802900
-0.01297600
-0.01123500
0.06283700
0.06607300
-0.00802800
0.07964700
0.64708700
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1.44976600
-5.06917300
-5.46163600
-5.45628400
-5.45974100

-1.42183500
-0.02923600
0.66918300
-0.02301200
-1.42432200
-2.11586200
-1.96449300
0.51596200
1.75333900
-1.96216400
-3.20015400
0.69512200
1.29665800
2.02649900
2.49075900
2.81395200
1.35488600

-1.26249900
-0.96622700
-1.95712900
-3.20837000
-3.47898600
-2.51348100
-0.50441200
0.00767500
-3.95426400
-4.45031500
-1.55181200
-2.79626100

0.92370900
2.20586900

1.31660400
2.21306000

3.08960500

0.69012700
0.69169100
1.89255700
3.11094700
3.10230100
1.89748100
-0.24847000
-0.24549300
1.89663300
4.04360400
1.90153100
4.35427400
5.39885600
6.66308600
6.84186200
6.65380200
7.49601700

0.81994200
2.16543300
3.00186200
2.53060900
1.17761200
0.30700200
0.15127900
2.56005100
3.20209600
0.79115700
4.71106700
5.49905900

0.64503500
-0.02784300
-0.52294900

0.99543500
-0.53432600

-0.00018100
0.00163100
0.00145700

-0.00050700

-0.00222400

-0.00207400

-0.00006100
0.00317900
0.00287900

-0.00368100

-0.00344300

-0.00091200

-0.00143200

-0.00192500
0.97018800

-0.75823700

-0.21770900

2.79614600
2.63702300
2.13505900
1.76133700
1.92519400
2.43472600
3.19113900
2.90169200
1.35218800
1.63472200
1.80243500
1.85432100
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-0.40469100
-2.80516500
-1.92650000
-3.08708600
-3.62729300
-3.14547400
-3.46089000
-2.53952800
-1.28647700
-0.97418800
-1.90092100
-3.86663600
-4.42787300
-2.78190900
-0.00664000
-1.65132600
-0.34673100

0.42470800

1.35053600

1.70945800

2.21201700

0.85779800

-1.42475700
-0.87876700
-1.65010100
-2.93618900
-3.45977300
-2.71163300
-0.83623800
0.12509900
-3.51204700
-4.46051800
-0.90512400
-1.97332100
0.20970200
-3.29194900
-2.56414700
-4.16432800
-3.62392100

5.08542300
-1.15933700
-1.76142700
-1.38831600
-1.46913200
-0.22809900

1.08856900

2.10377200

1.81003100

0.48412900
-0.52702100
-1.01920000

1.32519600

3.13090900

0.25669200
-1.55088300

2.86332700

3.75875100

4.84630600

4.77175300

4.81688300

5.81369900

0.59806400
1.86659800
2.85073400
2.59262200
1.31870900
0.30497200
-0.17862800
2.09038600
3.37453400
1.10153000
4.42497600
5.43419400
4.64690400
-1.07469400
-1.77481000
-1.06341600
-1.45200500

2.64643200
2.58732000
2.34771200
3.61942200
1.94041600
-1.44894400
-1.77894000
-1.55811300
-1.00137600
-0.67487400
-0.90014900
-1.62212900
-2.20868100
-1.80814300
-0.24154200
-0.64396200
-0.74460600
-0.50095500
-0.19944500
0.82882600
-0.86971900
-0.31849500

2.95193700
2.78995700
2.18601800
1.72162800
1.88621800
2.49534200
3.42900900
3.13250700
1.23926000
1.52568300
1.81097800
1.72698800
2.74708900
2.63492200
3.04636200
3.29373400
1.66393700
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-2.83777200
-3.29820300
-2.54287800
-1.30473900
-0.83873700
-1.60757400
-3.43498900
-4.25230300
-2.89896600

0.11408400
-1.25025000
-0.55966100
-0.02488500

0.91027100

1.64630700

1.42859500

0.36982200

-2.31041700
-1.11388500
-1.12409500
-2.29516000
-3.48036100
-3.50593200
-2.31619600
-0.18810200
-2.27680500
-4.40401800
0.37119700
0.30416300
1.51440900
-4.80934700
-4.67280900
-5.26810300
-5.51640000
-4.88732500
-4.44080100
-3.09033700
-2.14687700
-2.60917400

-0.41456500
0.82498400
1.96706800
1.87952500
0.62324300

-0.51076600

-1.30471600
0.89849700
2.93551300
0.55745400

-1.47399600
3.04740800
4.06370400
5.20341800
5.15697500
5.17990800
6.14886600

0.68297500
1.22744800
2.51085900
3.25663300
2.69176400
1.39879600
-0.31692200
0.66651000
4.25538100
3.25698300
3.16230700
4.62304600
2.50671200
0.79952800
-0.21043500
1.40882800
0.75589900
1.33847400
2.60082300
2.89711100
1.92030600
0.63674900
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-1.43933300
-1.88563900
-1.67518600
-1.00851500
-0.57676900
-0.78922100
-1.60217800
-2.39498500
-2.00761100
-0.06417500
-0.44213500
-0.73092600
-0.26900100
-0.35739900
0.44716800
-1.31638500
-0.27224100

3.74894300
3.29672600
2.76659400
2.67384200
3.11948200
3.65548400
4.16980600
3.35677900
2.25231100
3.04370400
2.06963000
2.08668200
2.70418900
4.10442300
4.49179800
4.88715000
3.27139300
-0.22568200
-0.62521500
-0.63090900
-0.22485300
0.15618800
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-3.96537600
-5.94793300
-5.15580400
-2.73882800
-1.89062300
-4.31172100
-0.78725100
0.34279100
1.69980600
2.40795200
1.63039500
2.07854500

-1.38187800
-0.51354400
-1.04622100
-2.40186700
-3.24777400
-2.75351600
-0.98501600
0.54970800
-2.78568000
-4.31062900
0.06314400
-0.69804700
1.29353600
-3.69019100
-4.47541900
-3.15918300
-4.17840800
-0.89504900
-0.31164200
-1.59582900
-2.67677100
-1.32240800
-1.34016900
0.38724400
-0.27338300
1.73182600
0.40172200

0.36263700
1.11484500
3.35718300
3.87834200
-0.11501100
-0.61717200
2.22647900
2.61136000
2.72042600
2.05460300
2.45259200
3.74241900

0.19937200
1.28437300
2.55910000
2.77911400
1.68025800
0.37985200
-0.80339700
1.14241000
3.78515200
1.83316600
3.96541300
5.15137500
3.58134100
-0.79571000
-0.65950400
-1.72310700
-0.91043900
3.24971400
4.29653600
1.98065800
2.13294900
1.50990700
1.29373600
5.53394700
6.75885400
5.52279200
7.94943500
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0.15987600
-0.21980400
-0.92873000
-0.92912100

0.46186200

0.47005500
-0.18268000

0.32001700
-0.31969000

0.17641000
-1.37290900
-0.23956700

2.63425700
2.67966000
2.54282300
2.32502300
2.28500400
2.43910000
2.75212100
2.83328400
2.20193500
2.12789600
2.52836100
2.94965500
3.24062200
2.41571200
1.66990000
2.19812100
3.38791400
-0.74458800
-0.60515000
-0.90931700
-0.90110700
-1.85611200
-0.09838800
-0.40141100
-0.55714200
-0.00453300
-0.31963700
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-1.31478000
2.39951200
2.24532700
1.73680800

-0.11773100
3.43846000
2.25893200

-1.38146000
-0.60364400
-1.24095000
-2.62514500
-3.38455900
-2.77657400
-0.89789600
0.47795000
-3.09807700
-4.46643400
-0.25680400
-1.01426500
1.08347100
-3.60908500
-4.55506400
-3.07915500
-3.84220900
-0.88082200
-0.22041700
-1.67555900
-2.73205200
-1.35697600
-1.56408800
0.52802600
-0.10733000
1.86645800
0.59717900
-1.14859500
2.56452100
2.35488300
1.93281500
0.10121900

6.76778800
6.71794200
4.57469300
7.93271300
8.89345600
6.69964600
8.86401400

0.14566100
1.29695000
2.53149400
2.64018600
1.47754500
0.21860700
-0.82524500
1.24018200
3.61542000
1.54733900
4.01153700
5.12456900
3.71077600
-1.03347500
-0.88548800
-1.86609300
-1.32357600
3.43821000
4.31630200
2.31203600
2.58426500
1.99553900
1.45747600
5.56353400
6.68371600
5.64561900
7.87069300
6.61597300
6.83662400
4.77810500
7.94927900
8.73644100
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-0.85787100
0.23188900
0.11377600
0.07630300

-0.43991500
0.54091100
0.26470200

2.50504900
2.52279300
2.49488900
2.42481500
2.40607700
2.44514300
2.53610500
2.56456600
2.39267500
2.35902900
2.36561500
2.95500000
2.89164700
2.45547200
1.93254300
1.99055300
3.48426800
-0.39759700
0.19116400
-0.85300900
-0.89886000
-1.85024700
-0.17647300
0.03065100
-0.51419600
0.42616300
-0.67319500
-0.80813400
0.26129500
0.85420500
-0.28668700
-1.09735700
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3.60418100
2.47953800

-1.47895100
-0.59904700
-1.12148400
-2.49251500
-3.35394500
-2.86144500
-1.08536900
0.47348000
-2.87723900
-4.42583600
-0.01380300
-0.55461500
1.33765500
-3.80688500
-4.72733100
-3.35115000
-4.08220700
-0.74864900
-0.10053000
-1.54022600
-2.60552900
-1.32216000
-1.34185200
0.55568700
-0.10133100
1.81714700
0.49819100
-1.08648100
2.40924400
2.34328500
1.75465600
-0.02072200
3.38919600
2.22044200

6.89412000
8.87722900

0.02635300
1.10172200
2.38831900
2.62471100
1.53804000
0.22773500
-0.98450700
0.94773700
3.63875700
1.70605000
3.76969700
4.86954300
3.29303300
-0.93886100
-0.73606400
-1.84453800
-1.13849900
3.56151400
4.27642500
2.41473800
2.65131900
2.17759800
1.51962300
5.58518800
6.51466500
5.89553900
7.73189400
6.27884000
7.11839100
5.17905200
8.03789600
8.44546100
7.34872800
8.98965300
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0.56289100
-0.41105300

2.42969600
2.38968500
2.37228200
2.39170100
2.42583800
2.44440100
2.44769400
2.37267800
2.37988900
2.44054300
2.25893600
3.05561200
2.55516900
2.51498900
1.96507600
2.11296000
3.55479400
-0.37580100
0.50191500
-0.80656100
-0.73504200
-1.85167400
-0.20763200
0.22330800
-0.58821500
0.73961800
-0.88783900
-0.97612100
0.44181600
1.35977900
-0.37187900
-1.51813100
0.84449100
-0.60157600
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1.28656300
1.39696500
0.24244400
-1.00966700
-1.09251700
0.05062700
2.17478100
2.35785700
-1.89140300
-2.05701800
0.40983400
-0.85438600
1.62366900
-0.06721000
0.89708700
-0.76223400
-0.46020900
0.76667500
-0.44472900
-0.46384400
0.75780200
1.98318600
1.97369200
0.76967300
-1.35558900
-1.37854600
2.89193800
2.88766300
0.74444800
0.71731000
0.88619100
1.72950200
1.06753600
-0.02130900

0.09866400
0.97498600
0.43680900

-0.13477200
1.24956600
2.00036500
1.41625900
0.03347900
-0.75875100
-0.73897800
1.73346900
2.02918600
-0.44446500
3.73063600
4.41167900
4.23600500
-2.25535000
-2.73647400
-2.60206600
-2.58738700
-1.14888100
-0.44414200
0.84009600
1.42750100
0.69324000
-0.58891500
-2.16232000
-0.91323100
1.41840000
1.16302300
-1.16677300
2.67426100
3.81139200
5.20407400
5.67853100
5.17799000
5.77374900

-0.20448800
0.85091000
2.15950900

14

3.38733200
3.38430100
3.19360400
3.01480000
3.02319200
3.19474500
3.53519300
3.51840000
2.86612300
2.88694700
2.91410100
3.11208900
3.52424700
3.16476800
3.32850300
3.93323600
2.19991700
-1.01321000
-0.97203000
-0.48492000
-0.03179300
-0.07908500
-0.57125100
-1.39912400
-1.32097900
-0.43198600
0.27797700
-0.61646800
0.50439300
1.08852000
0.55437900
1.05896600
-0.51759700
0.76157100

3.07057000
3.11865600
3.07672200
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-0.94102200
-1.79510100
-1.29453300
0.47255300
2.04922700
-1.30264800
-2.86547900
1.54706000
0.95421100
2.90535000
-2.23310500
-3.19684000
-2.41315700
-1.81249000
-1.95246000
-2.49992200
-1.70893000
-0.34532300
0.19485400
-0.61064000
-2.58094900
-3.54245000
-2.11277200
1.23676000
-0.20339100
0.45699300
1.28400800
1.91632300
1.60320300
1.62630700
3.00286300

1.00756300
1.17246500
0.09537700
-1.20101200
-1.34457300
-0.24308300
1.82751400
2.12487600

2.40043600
1.32678100
0.02056100
-1.22036400
0.70578900
3.41713200
1.47876000
3.55472600
4.76416900
3.18539500
-1.11224000
-0.94095400
-1.19247600
-2.06092100
-0.35195100
0.86908000
1.79392900
1.50205800
0.25668200
-0.65723100
-1.07656100
1.08815500
2.74388700
0.03945900
-1.60895100
2.42158200
3.43283900
4.31370600
4.01972600
5.35071200
4.23621900

-0.35815500
0.60339200
1.52556500
1.26764600

0.30180300
-0.51803900

-1.01355400

0.73399500

15

3.29443700
3.24433100
3.05881900
3.01613200
3.09371000
3.40092700
3.32230200
2.87955800
3.41547500
3.22709100
2.82959000
3.30961200
1.74780000
3.16325000
-0.96194200
-0.56039500
0.09392900
0.32608300
-0.06893000
-0.72093700
-1.46736400
-0.75518800
0.42490400
0.13684600
-1.03891700
1.01596500
1.11684600
0.09699400
-0.90376300
0.27948400
0.17629700

3.58530700
2.63463800
2.31378800
2.91960100
3.86468700
4.22858800
3.85212000
2.13110300
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-2.03561200
-2.30141100
0.73489300
-0.30276200
2.07588300
-0.41205400
0.41607300
-0.46152500
-1.36153700
-1.10949800
-0.98006400
-0.57317800
-0.28753600
-0.44039900
-0.84288800
-1.42801000
-1.20526800
-0.50500100
-0.23973800
-0.95334400
0.14144800
0.62061200
0.99182800
1.39935600
0.12428900
1.75477500

1.00764400
1.11519800
-0.03842200
-1.31401900
-1.39723200
-0.23696600
1.89425500
2.07714500
-2.19822500
-2.36155700
0.73118300
-0.38916800
2.06737800

1.89802900
0.14112200
3.33976500
4.01846900
3.30415900
-1.52704800
-2.23202900
-0.99854000
-2.05528300
0.33920200
1.72565200
2.35356800
1.59375300
0.20187800
-0.42072500
-0.14764000
2.31986400
3.43404300
-0.40118800
-1.49828300
2.24042500
3.48208400
4.68415600
4.38675300
5.32846900
5.26072000

-0.19568100
0.60119400
1.24981300
0.94992900
0.16431400

-0.41848100

-0.65696500
0.75947400
1.39364600

-0.03073300
3.24171400
3.72159100
3.35997000

16

2.63104100
4.34744900
2.94733400
3.68941000
3.48290100
5.29857200
5.33482600
6.25949600
5.18659000
-2.61848000
-2.57659200
-1.40834100
-0.26501400
-0.30957500
-1.48330100
-3.53311100
-3.45440600
-1.37754000
0.57077500
-1.50999100
0.97418600
1.18864100
0.40272600
-0.56474800
0.24153400
0.92891300

3.82924200
2.70331400
2.17152600
2.72833000
3.84364200
4.41928800
4.24718700
2.22634400
2.28479000
4.29984500
2.97590700
3.73770800
3.49059200
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-0.37385000
0.56111200
-0.68447700
-1.15550900
-1.11187700
-1.13374500
-0.75166000
-0.34464000
-0.34779600
-0.72209000
-1.40877600
-1.45693400
-0.80266900
-0.04503400
-0.71332500
0.07525300
0.60754100
1.12896300
1.38776900
0.39012900
2.03285900

0.76828300
1.06428400
0.05711900
-1.01814300
-1.20897100
-0.34605900
1.49436700
2.03669500
-1.75956600
-2.10055600
1.34543800
0.32317300
2.74009900
-0.68057000
-1.67001400
-0.70093900
0.04953500
-1.51131500

-1.25809300
-1.75206500
-0.62944300
-2.00905300
0.54973400
1.92496300
2.43831900
1.57063400
0.18709900
-0.31791100
0.15352100
2.59771600
3.50661600
-0.49000200
-1.38796300
2.08427800
3.29288100
4.45416900
4.12524800
5.25624500
4.84734900

0.55349500
1.06763600
0.89043000
0.05895100
-0.44921700
-0.19755500
0.72718000
0.67816300
-0.11282000
-1.04230100
2.91053200
3.57868700
3.24056300
-0.78347200
-0.44981600
-1.87398200
-0.48447900
0.97075800

17

5.64411400
5.90405000
6.48481900
5.50474700
-2.84425100
-2.62239400
-1.39131000
-0.36835700
-0.59011200
-1.82744100
-3.80856300
-3.40796700
-1.21439400
0.20223600
-1.99769000
0.93656200
1.20073600
0.43393000
-0.57360300
0.37700600
0.90329700

4.40390700
3.06886800
2.01334300
2.23143100
3.51598200
4.62427400
5.19155900
2.72786000
1.46107200
3.70060400
2.93591100
3.71904500
3.14019100
5.96262400
6.28293300
5.90638900
6.71334800
-2.92209700
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-1.62854700
-1.06115200
-0.37533600
-0.27025400
-0.83217600
-1.95315500
-2.16557600
-1.16903600
0.26489800
-0.73948000
0.23462300
0.93374000
1.39929000
1.32171100
0.80577800
2.44027100

-2.04392500
-0.96508300
-1.07825700
-2.19832300
-3.22822700
-3.16893100
-1.95652100
-0.00510000
-2.23340800
-4.12141300
0.31721600
0.08611200
1.58397000
-4.34202100
-4.61319900
-5.20620800
-4.13798000
-5.03483900
-4.71899400
-3.50693600
-2.61755900
-2.94027400
-4.14402000

2.24169400
2.51635600
1.51314500
0.23364200
-0.03212600
0.76014700
3.02038000
3.50158000
-0.54675400
-1.02203700
1.79143200
2.90799500
4.05509900
3.83039000
4.94725300
4.28307800

0.58724000
1.34072400
2.76317000
3.42697000
2.64940900
1.21655500
-0.49157900
0.86816800
4.50986300
3.12412700
3.57813800
5.00598400
3.05708900
0.44938200
0.79474900
0.62262900
-0.61992800
0.85475100
2.20489500
2.58776900
1.60914400
0.25088300
-0.12122000

18

-2.36658300
-1.12815500
-0.43656600
-0.99273100
-2.23481800
-3.88934400
-2.89549200
-0.68702800
-0.46093500
-2.66610800
0.87852900
1.19163400
0.37727600
-0.68546900
0.60105200
0.62061900

3.59919900
3.06252000
3.07825200
3.62978800
4.07601700
4.06794500
3.63318500
2.89002600
3.64492100
4.46856500
2.27308500
2.19576000
2.73828500
4.58730600
5.58759300
3.93893200
4.61953900
-0.32165500
-0.21025000
0.35181500
0.81065100
0.70414000
0.12737600
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-5.97995100
-5.41297500
-3.24395700
-2.24410000
-4.39303600
-1.35320600
-0.35598700
-0.03598800

1.01306400
-0.67378100
-0.18462400

-3.00938900
-1.81950500
-1.00780800
-1.18821100
-2.27296600
-3.19410600
-3.69445500
-1.22027300
-0.58264300
-2.42868100
0.05010600
-0.06658000
1.37095200
-4.34890400
-3.99018100
-4.86294300
-5.06175200
-4.48533000
-4.36036700
-3.50399000
-2.76765900
-2.90528100
-3.75627400
-5.15210600
-4.93132900
-3.41387900
-2.32870400
-3.84843900

0.55756500
2.95958000
3.63663000
-0.50070600
-1.17109000
2.06613600
2.78190900
3.13133200
2.90334400
2.57488600
4.20401800

1.31073400
1.76820700
2.75008600
3.07756200
2.46275200
1.59985400
0.64353900
0.81502200
3.82265100
2.71152500
3.58755100
5.02187700
2.98129300
1.04460900
0.31914100
1.84074700
0.54848100
0.12821700
1.51352300
2.17129200
1.44188900
0.05067500
-0.60227000
-0.38220100
2.08411600
3.25181700
-0.52319100
-1.68135800

19

-0.76158200
-0.56043700
0.44424100
1.05911300
0.02925500
1.37110900
0.82905300
-0.57163400
-0.77770100
-1.25749000
-0.72668800

3.43487600
2.71607400
3.41949600
4.71815100
5.38965100
4.76996500
2.91990300
2.79418800
5.22082800
6.43574800
2.23869900
243144100
2.22006600
5.55133700
6.28489700
6.09184700
4.89423100
-1.45001600
-1.50339500
-0.62839500
0.30969200
0.36766500
-0.51494700
-2.13552600
-2.22663400
-0.65926400
1.08678100
-0.47413200
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-1.83887800
-0.91981200
-0.53046500

0.55758700
-0.96000300
-0.87139300

-2.87645300
-1.98104000
-1.15671600
-1.20220400
-2.08452300
-2.91504400
-3.50774400
-0.88059900
-0.57037700
-2.13837700
-0.26751200
-0.70032600
1.14669000
-3.82139200
-4.51454200
-3.22790400
-4.38825500
-4.26789100
-2.88541400
-2.12288700
-2.74408400
-4.13348200
-4.89102100
-4.86083100
-2.39877100
-1.04471100
-4.62102400
-5.96846400
-1.93366100
-1.09466000
-0.73268800
0.27377900
-1.43848200

2.13031100
3.02830500
3.56294100
3.55334900
2.95612200
4.59434700

0.88672000
1.76126700
2.62502600
2.63598600
1.76156400
0.87586800
0.22119900
1.28413500
3.30362800
1.74245100
3.73434400
5.08514100
3.41812500
-0.05692000
-0.55570800
-0.81727300
0.48596100
-0.04985400
0.02176800
0.71640700
1.33737900
1.26408500
0.57435500
-0.58893600
-0.46220800
0.77352800
1.76708300
0.52899900
2.09340500
3.08861400
3.71595000
3.41495300
3.41469400

20

1.22315900
0.85209200
-0.48397600
-0.58984600
-1.28002600
-0.60059700

3.21154500
2.53512200
3.32682200
4.71727500
5.32438900
4.59450900
2.63448400
2.85623700
5.29028500
6.40785700
2.20790900
2.50303400
2.17936200
5.33584100
4.66014000
5.85028000
6.09445200
-1.78532500
-1.92887200
-0.99679800
0.08951400
0.23097400
-0.70773000
-2.51533600
-2.76766800
-1.10290300
1.06024300
-0.59997000
1.06746900
0.75768200
-0.54150400
-0.84439100
-1.31473300



H -0.74813800 4.80496100  -0.45252100

VIII

E=-1166.945009 a.u.

11
C -2.88255000 0.92021100 3.17476500
C -1.92850600 1.63645400 2.50249400
C -0.78314900 2.21064600 3.23857900
C -0.89225100 2.29333000 4.70122500
C -1.89979300 1.64949600 5.32812100
C -2.88550400 0.92411000 4.58250800
H -3.69004200 0.42919000 2.64481700
H 0.11175000 1.61142800 2.99866300
H -0.10455100 2.79492100 5.25271100
H -1.96960500 1.65003900 6.40953100
S -0.46853500 3.76833800 2.30379500
O -1.29662700 4.82397400 2.85784400
O 0.95178400 3.99037100 2.11931700
C -3.94769800 0.21675100 5.33044800
H -4.65634800  -0.28664300 4.67705200
H -3.48226200  -0.51210800 6.00373500
H -4.47317200 0.92920000 5.97544900
C -4.20415200  -0.09598200  -1.85916500
C -2.81338800  -0.14574800  -1.87921900
C -2.07727800 0.53657400  -0.91658800
C -2.73636800 1.26867600 0.07236800
C -4.13173800 1.32282700 0.08944300
C -4.86165900 0.63980500  -0.87726700
H -4.77580300  -0.62678600  -2.61189400
H -2.29925100  -0.71420000  -2.64559400
H -0.99274300 0.50304700  -0.92809200
H -4.64128600 1.90951200 0.84672900
H -5.94443700 0.68811600  -0.86588300
C -1.94132300 2.00464900 1.08805600
C -1.20811900 3.10229900 0.81080200
C -0.95222500 3.82072100  -0.45820500
H 0.10006900 3.71628300  -0.73915100
H -1.57349900 3.41567600  -1.25618200
H -1.15988700 4.88816900  -0.34319200

Preparation of the starting materials

Preparation of substrates 1
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R1

/ /

/ /
RI + R2D nBuli_ poff N
= dry THF =

1b-1n, 1r, 1s, 1B-1l

The compounds 1b — 1n, 1r, 1s, 1B — 11 were prepared according to previously described methods.™

To a flame-dried round-bottom flask under N, was added alkyne (10 mmol, 1 equiv.) followed by dry
THF (50 mL, 0.2 M). Cool the flask to 0 °C. n-Butyllithium (8 mL, 2.5 M in hexanes, 20 mmol, 2 equiv.)
was added slowly and the reaction was allowed to stir for 1 hour. Iodoalkane (21 mmol, 2.1 equiv.) was
added at -20 °C and the reaction was allowed to stir at room temperature for 3 ~ 5 hour (when most of
alkyne was consumed as detected by TLC). The reaction was quenched with a saturated solution of
ammonium chloride and extracted with ethyl acetate. The organics were dried over MgSO, and the
solvents were removed under reduced pressure. The residue was purified by silica chromatography to

afford the corresponding compounds 1b — 1n, 1r, 1s, 1B — 11.

The compounds 1oa were prepared according to previously described methods.[l

+ Pd(PPh3)2C|2, CUL //
VA dry Et;N

10

To a 50 mL flame-dried round-bottom flask, under N,, was added PdCl1,(PPh;), (0.05 mmol, 0.01 equiv.),
Cul (0.1 mmol, 0.02 equiv.), iodobenzene (5 mmol, 1.0 equiv.), cyclopropyl acetylene (6 mmol, 1.2
equiv.) and dry Et;N (10 mL), the reaction was allowed to stir at room temperature. The reaction was
stirred overnight checked by TLC. The reaction is filtered over celite, washing with dichloromethane.
The solvent was removed and the residue purified by flash column chromatography on silica gel to give
compounds 1o.

The compounds 1p, 1q were prepared according to previously described methods.

© P OH P OTs
OH = 2 Tscl, DMAP Z 1.2
= 12 PdCIy(PPhs), DCM, TEA

Cul, TEA A 19, 1q

Stepl: To a 50 mL flame-dried round-bottom flask, under N,, was added PdCI,(PPh;), (0.05 mmol, 0.01
equiv.), Cul (0.1 mmol, 0.02 equiv.), iodobenzene (6 mmol, 1.2 equiv.), alkynol (5 mmol, 1.0 equiv.)
and dry Et;N (10 mL), the reaction was allowed to stir at room temperature. The reaction was stirred
overnight checked by TLC. The reaction is filtered over celite, washing with dichloromethane. The
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solvent was removed and the residue purified by flash column chromatography on silica gel to give
compounds A.[°]

Step2: To a stirred solution of Compound A (5 mmol, 1.0 equiv.), dimethylaminopyridine (DMAP) (0.5
mmol, 0.1 equiv.) and TEA (10 mmol, 2.0 equiv.) in dry DCM (10 mL) at 0 °C was added p-
toluenesulfonyl chloride (TsCl) (6 mmol, 1.2 equiv.) portion wise. The reaction mixture was stirred for
1 h and then quenched with water, extracted with EtOAc, dried over anhydrous MgSQO,, concentrated
and chromatography on silica gel to give compounds 1p, 1q.["!

The compounds 1t were prepared according to previously described methods.

To a stirred solution of 5-phenylpent-4-yn-1-ol (5 mmol, 1.0 equiv.), Isoindoline-1,3-dione (6.5 mmol,
1.3 equiv.), DIAD (6.5 mmol, 1.3 equiv.) and Triphenylphosphine (6.5 mmol, 1.3 equiv.) in THF (25
mL). The reaction mixture was stirred for 6 h and then quenched with water, extracted with EtOAc, dried
over anhydrous MgSQ,, concentrated and chromatography on silica gel to give compounds 1t.

The compounds 1u were prepared according to previously described methods.

: u Pyrldlne DMAP @/\/\ /Z[‘

To a stirred solution of 5-phenylpent-4-yn-1-ol (3 mmol, 1.0 equiv.), Benzoyl chloride (3.6 mmol, 1.2
equiv.), Pyridine (15 mmol, 5 equiv.) and DMAP (0.3 mmol, 0.1 equiv.) in DCM (10 mL). The reaction
mixture was stirred for 3 h and then quenched with water, extracted with EtOAc, dried over anhydrous
MgSO,, concentrated and chromatography on silica gel to give compounds 1u.

Preparation of substrates 2

The compound 2b — 2i according to previously described methods.®]

9 NH2NH2'H20 (I)I
R-S—Cl — 2 2 2Y_ R—S—NHNH,
I THF, 0 °C i

2b-2i
The hydrazine hydrate (80%, 30 mmol) was added dropwise into the solution of sulfonyl chloride (10
mmol) in THF (50 mL) under air at 0 °C. Subsequently, the mixture was further stirred at 0 °C for 5
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minutes. After the completion of the reaction, the esidue was extracted with dichloromethane, and the
combined organic layer was ashed with water, and brine, and dried over MgSQ,. Concentration in
vacuum followed by silicael column purification with petroleum ether/ethyl acetate eluent gave the
desired products 2b-2i.

General procedure for the synthesis of compounds 3

R 0. NHNH, C\’é,/o
st
S 1
2/ * ° Iy R
R o
1 2 3

In a undivided cell (10 mL) equipped with a stir bar, 2 (0.6 mmol, 3 equiv.), and Et,;NPF4 (0.2 mmol)
were combined and added. The flask was equipped with a rubber stopper, a graphite felt anode (1 cm x
1 cm x 0.5 cm) and a graphite felt cathode (1 cm x 1 cm x 0.5 cm) and then flushed with nitrogen. Then
1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) (4.7 mL), CH;NO, (0.3 mL) and 1 (0.2 mmol, 1 equiv.) were
injected respectively into the flask via syringes. The reaction mixture was stirred and electrolyzed at a
constant current of 5 mA at RT for 8 h. After the reaction was completed, the residue was purified by
column chromatography using petroleum ether and ethyl acetate as eluent, to afford the desired product
3.

Optimization of reaction conditions

Me

y 0, NHNH; ) S
7 5% Et,NPFg(1 equiv.)
. C felt (+)/C felt (-), 5 mA O /
undivided cell N,, RT, 8 h
HFIP/CH3NO,=4.7 /0.3 mL
1a 2a 3aa
Variation from the standard
Entry Yield (%)®!
conditions
1 none 75
2 3mA, 13 h 70
3 10 mA, 4 h 65
4 Nickel foam cathodelc] 47
5 Pt plate cathodeld! 51
6 "BuyNPF; instead of Et;NPF, 64
7 "Buy,NBF, instead of Et,NPF 45
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8 LiClO, instead of Et;NPF n.r.

9 MeyNPF; instead of Et,NPF 69
10 DCM instead of HFIP 62
11 DCE instead of HFIP 60
12 EA instead of HFIP n.d.
13 DMEF instead of HFIP n.d.
14 THF instead of HFIP 38
15 DMSO instead of HFIP n.d.
16 CH;CN instead of HFIP trace
17 TFE instead of HFIP n.d.
18 1,4-dioxane instead of CH3;NO, n.d.
19 add 10% Cp,Fe n.r.
20 add 1 equiv. TEA 45
21 50°C 74
22 60 °C 68
23 air instead of N, 30
24 5 V instead of 5 mA 46
25 no electric current n.r.

[2] Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), Et;NPF; (0.2 mmol), HFIP (4.7 mL), CH;NO,
(0.3 mL), graphite felt anode (10 mm * 10 mm * 5 mm), constant current = 5 mA, RT, 8 h, undivided
cell (7.46 F, faradaic efficiency: 42%). [®! Isolated yield. [] Nickel foam (10 mm*10 mm*0.1 mm). 4 Pt
plate (10 mm*10 mm*1 mm).

The effect of anode materials

Me

Y O /\\l\(l) HNH, o Q
+ standard conditions O J
1a 2a 3aa !
Entry Variation from the standard conditions Yield (%)
1 Pt plate anodel! 34
2 Ni foam anodeld! 26
3 Glassy carbon anodel®! 13
4 Carbon paper anodelf] 23
5 Carbon cloth anodele! 29
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6 Carbon felt anodelt! 75
[2] Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), Et;NPF; (0.2 mmol), HFIP (4.7 mL), CH;NO,
(0.3 mL), graphite felt anode (10 mm * 10 mm * 5 mm), constant current = 5 mA, RT, 8 h, undivided
cell. ! Tsolated yield. [ Pt plate (10 mm*10 mm*0.1 mm). [4 Nickel foam (10 mm*10 mm*1 mm). [
Glassy carbon (10 mm*10 mm*1mm). [fl Carbon paper (10 mm*10 mm*0.1 mm). (el Carbon cloth (10
mm*10 mm*1mm). ("l Graphite felt anode (10 mm*10 mm*5 mm).

SEM image of graphite felts:

Fig. S1 Graphite felt structure under scanning electron microscopy (SEM).

Gram-scale reaction

Me
0. NHNH, 0 O
// \S\\O \\s//
: Q &l ()
1a 2a O

3aa
Scheme S1 Gram-scale reaction of 3aa.

In a undivided cell (250 mL) equipped with a stir bar, sulfonyl hydrazides 2a (15 mmol, 3 equiv.), and
Et,NPF; (5 mmol) were combined and added. The flask was equipped with a rubber stopper, a graphite
felt anode (1 cm x 5 cm x 1.5 cm) and a graphite felt cathode (1 cm x 5 cm x 1.5 cm) and then flushed
with nitrogen. Then HFIP (117.5 mL), CH;NO; (7.5 mL) and alkyne 1a (5 mmol, 1 equiv.) were injected
respectively into the flask via syringes. The reaction mixture was stirred and electrolyzed at a constant
voltage of 15 mA at RT for 67 h. After the reaction was completed, the residue was purified by column
chromatography using petroleum ether and ethyl acetate as eluent, to afford the desired product 3aa (1.11

g, 82%).
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Cyclic voltammetry study

0.8
—— (a) background
——(b) 1a
—(c) 2a

0.6

T—(d) 1a+2a 274V,

Current/ mA
=
=Y

=
b
L

0.03 T T T T
0 1 2 3 1
Potential/V vs Ag/ Ag+

Fig. S2 Cyclic voltammograms of 1a (0.2 mmol), and 2a (0.1 mmol) were performed in a three-electrode
cell at room temperature. The working electrode was a steady glassy carbon, the counter electrode was a
platinum wire, and the reference was an Ag/AgCl electrode submerged in saturated aqueous KCl
solution. A solvent (10 mL CH;CN) containing Et;NPFs (0.1 mmol) were poured into the

electrochemical cell in cyclic voltammetry experiments. The scan rate was 100 mV/s, ranging from 0 V
to4 V.

0.5
(a) background
—®1r
0.4 (@ 1s
— (2

Current/ mA

Potential/ V vs Ag/Ag”

Fig. S3 Cyclic voltammograms were performed in a three-electrode cell at room temperature. The
working electrode was a steady glassy carbon, the counter electrode was a platinum wire, and the
reference was an Ag/AgCl electrode submerged in saturated aqueous KCl solution. Conditions: CH;CN
(5 mL), 100 mVs-'. (a) Et;NPF4 (0.1 mmol). (b) Et,;NPF¢ (0.1 mmol), 1r (0.1 mmol). (c) Et;NPF; (0.1
mmol), 1s (0.1 mmol). (d) Et4;NPF¢ (0.1 mmol), 2i (0.1 mmol).
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Transformation of product 3qa

w0 v_0 ==—Ph (R//o
S| S, CuSO, + 5H,0 (0.1 equiv) S,
a) /) OTs NaNj (1.2 equiv) /) N3 sodium ascorbate (0.25 equiv) / N-N
DMF, RT THF, H,0, RT, overnight O NN
3qa 4 5
\
&° §°
b) O Y, _KaCO;3 (1 equiv) %
+
OTs " DMAC,80°C
3qa

6 (83%, from Indometacin) 7 (80%, from Ibuprofen)

o o0 o9
WJ\@Q@ ¢ i °
0 O O ° o~

0,
10 ( 80%, from Lambdacyhalothric acid) 11 (68%, from Naproxen)

o]

CCLY

(89%, from Isoxepac)

12

Scheme S2 a) Step 1: Sodium azide (0.24 mmol, 1.2 equiv.) was added to a solution of 3qa (0.2 mmol,
1 equiv.) in DMF (1.1 mL) and stirred at room temperature overnight. H,O was added to the mixture and
the aqueous phase was extracted with ethyl acetate. The combined organic extract was washed with
saturated aqueous NaCl solution, dried over anhydrous MgSQO,. The solvent was removed and the residue
purified by flash column chromatography on silica gel to give compound 4 (yellow solid, 92%).

Step 2: To a solution of compound 4 (0.2 mmol, 1 equiv.) in a 1:1 mixture of THF:H,O (5 mL) were
added copper (II) sulfate (0.02 mmol, 0.1 equiv.), sodium ascorbate (0.05 mmol, 0.25 equiv.) and the
phenylacetylene (0.26 mmol, 1.3 equiv.). The mixture was brine, dried over anhydrous MgSO,. The
solvent was evaporated in vacuum and purified by silica gel column chromatography to avail products 5
(yellow solid, 89%).

b) To a solution of compound 3qa (0.2 mmol, 1 equiv.) in a DMAC (2 mL) were added K,COs; (0.2
mmol, 1 equiv.), pharmaceutical motifs such as Indometacin, Ibuprofen, Gemfibrozil, Loxoprofen,

Lambdacyhalothric acid, Naproxen and Isoxepac (0.2 mmol, 1 equiv.). The mixture was stirred at 80 °C

28



temperature overnight. The combined organic phase was washed with brine, dried over anhydrous
MgSO,. The solvent was evaporated in vacuum and purified by silica gel column chromatography to
avail products 6-12.

Control experiments

'Bu
BHT (3.0 equiv) O re
(@) 1a + 2a ——— > 3aa, trace +
standard conditions By
13, 55%
TEMPO (3.0 equiv
(b) 1a + 2a —>( — ) 3aa, 0% + N. Ts detected by
standard conditions ~o~'S HPLC-MS
14 Tsl
1,1-diphenylethylene (3.0 equiv
(c) 1a + 2a phenylemy ( d )3aa,trace +
standard conditions
15, 799
EtO  79%
(d) 1a + 2a M%a, trace + -
standard conditions Ts
16, 51%

Scheme S3 (a) In a undivided cell (10 mL) equipped with a stir bar, 2a (0.6 mmol, 3 equiv.), BHT (0.3
mmol, 3 equiv.) and Et;NPF4 (0.2 mmol) were combined and added. The flask was equipped with a
rubber stopper, a graphite felt anode (1 cm x 1 cm x 0.5 cm) and a graphite felt cathode (1 em x 1 cm x
0.5 cm) and then flushed with nitrogen. Then HFIP (4.7 mL), CH;NO, (0.3 mL) and 1a (0.2 mmol, 1
equiv.) were injected respectively into the flask via syringes. The reaction mixture was stirred and
electrolyzed at a constant current of 5 mA at RT for 8§ h to get product 13 (white solid, 55%).

(b) In a undivided cell (10 mL) equipped with a stir bar, 1a (0.2 mmol, 1 equiv.), 2a (0.6 mmol, 3 equiv.),
TEMPO (0.3 mmol, 3 equiv.) and Et;NPF¢ (0.2 mmol) were combined and added. The flask was
equipped with a rubber stopper, a graphite felt anode (1 cm x 1 cm x 0.5 cm) and a graphite felt cathode
(1 cmx 1 ecmx 0.5 cm) and then flushed with nitrogen. Then HFIP (4.7 mL), CH3;NO, (0.3 mL) and 1a
(0.2 mmol, 1 equiv.) were injected respectively into the flask via syringes. The reaction mixture was
stirred and electrolyzed at a constant current of 5 mA at RT for 8 h to get product 14 (detected by HPLC-
MS).

(¢) In a undivided cell (10 mL) equipped with a stir bar, 2a (0.6 mmol, 3 equiv.), 1,1-diphenylethylene
(0.3 mmol, 3 equiv.), and Et;NPF; (0.2 mmol) were combined and added. The flask was equipped with
a rubber stopper, a graphite felt anode (1 cm x 1 cm x 0.5 cm) and a graphite felt cathode (1 cm x 1 cm
x 0.5 cm) and then flushed with nitrogen. Then HFIP (4.7 mL), CH;NO; (0.3 mL) and 1a (0.2 mmol, 1
equiv.) were injected respectively into the flask via syringes. The reaction mixture was stirred and
electrolyzed at a constant current of 5 mA at RT for 8§ h to avail products 15 (white solid, 79%).

d) In a undivided cell (10 mL) equipped with a stir bar, 2a (0.6 mmol, 3 equiv.) and Et;NPF¢ (0.2 mmol)
were combined and added. The flask was equipped with a rubber stopper, a graphite felt anode (1 cm x
1 cm x 0.5 cm) and a graphite felt cathode (1 cm x 1 cm x 0.5 cm) and then flushed with nitrogen. Then
HFIP (4.7 mL), CH3NO, (0.3 mL), EtOH (0.5 mL) and 1a (0.2 mmol, 1 equiv.) were injected respectively
into the flask via syringes. The reaction mixture was stirred and electrolyzed at a constant current of 5
mA at RT for 8 h to get product 16 (colorless oil, 51%).
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Fig. S4 Mass spectra (MS) of compounds 14.
Fluorescence Microscopic Studies

Cell culture. All cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) and
supplemented with 10% fetal bovine serum (FBS) and 1% antibiotics (100 U mL-! panicillin and 100 pg
mL-! streptomycin) at 37 °C in a humidified atmosphere of 5% CO, for 24 h.

Fluorescence microscopic imaging. All the experiments were conducted in live cells. The living cell
imaging was measured by Nikon C2 plus with an excitation filter of 405 nm and the collection

wavelength range is at 420-460nm.

Fig. S5 Fluorescence intensity of 3Ha in HeLa cells.
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Characterization of products

2,6-dimethyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3aa)

3aa

3aa was obtained in 75% (40.6 mg) as a white crystal after column chromatography (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL;): 6 7.61 (s, 1H), 7.56 — 7.45 (m, 3H), 7.39 — 7.32 (m, 2H), 7.31 — 7.23 (m,
1H), 7.08 (d, J = 7.8 Hz, 1H), 2.44 (s, 3H), 2.13 (s, 3H).

13C NMR (125 MHz, CDCL,): ¢ 140.1, 137.9, 136.4, 134.4, 133.8, 130.9, 130.6, 129.4, 129.0, 128.6,
123.2,122.1,21.3,7.5.

HRMS (ESI-TOF, [M + Na]*): For C,4H,40,S, 293.0612, Found: 293.0618.
2-ethyl-6-methyl-3-phenylbenzo([b]thiophene 1,1-dioxide (3ba)

o
\

YAv

3ba
3ba+3ba’ was obtained in 64% (36.4 mg) as a colorless crystal after column chromate-graphy (eluent:

petroleum ether/ethyl acetate = 20/1 v/v).
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H NMR (500 MHz, CDCl,): 6 7.59 (s, 1H), 7.55 — 7.45 (m, 3H), 7.34 (dd, J=7.9, 1.7 Hz, 2H), 7.29 —
7.22 (m, 1H), 7.01 (d, J= 7.8 Hz, 1H), 2.59 (q, J = 7.6 Hz, 2H), 2.43 (s, 3H), 1.30 (t, /= 7.6 Hz, 3H).
13C NMR (125 MHz, CDCly): § 140.2, 139.6, 138.2, 136.5, 133.8, 130.9, 129.3, 129.0, 128.4, 123.3,
121.8,21.3,17.2, 13.2.

HRMS (ESI-TOF, [M + H|*): For C,;H;40,S, 285.0949, Found: 285.0955.

6-methyl-3-phenyl-2-propylbenzo[b]thiophene 1,1-dioxide (3ca)

3ca
3ca+3ca’ was obtained in 58% (34.6 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.59 (s, 1H), 7.55 — 7.45 (m, 3H), 7.37 — 7.30 (m, 2H), 7.29 — 7.23 (m,
1H), 6.99 (d, J=7.7 Hz, 1H), 2.62 — 2.48 (m, 2H), 2.43 (s, 3H), 1.76 (h, J=7.4 Hz, 2H), 0.92 (t, J =
7.4 Hz, 3H).
13C NMR (125 MHz, CDCl3): § 140.2, 138.6, 138.5, 136.4, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.3,121.8,25.7,21.5,21.3, 14.1.
HRMS (ESI-TOF, [M + H]*): For C3H;50,S, 299.1106, Found: 299.1111.

2-butyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3da)

3da+3da’ was obtained in 54% (33.7 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCls): 6 7.59 (s, 1H), 7.56 — 7.45 (m, 3H), 7.33 (dd, /= 8.1, 1.6 Hz, 2H), 7.28
—7.23 (m, 1H), 6.99 (d, J=7.8 Hz, 1H), 2.54 (dd, /=9.0, 7.0 Hz, 2H), 2.43 (s, 3H), 1.85 — 1.65 (m,
2H), 1.43 — 1.29 (m, 2H), 0.85 (t, J= 7.4 Hz, 3H).

13C NMR (125 MHz, CDCL,): ¢ 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,

123.3, 121.8, 30.1, 23.4, 22.6, 21.3, 13.5.
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HRMS (ESI-TOF, [M + H]*): For C14H,00,8S, 313.1262, Found: 313.1265.

6-methyl-2-pentyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ea)

3ea+3ea’ was obtained in 52% (33.9 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL): 6 7.59 (s, 1H), 7.51 (dddd, J=11.7, 6.9, 4.6, 2.4 Hz, 3H), 7.36 — 7.31
(m, 2H), 7.29 —7.23 (m, 1H), 6.99 (d, /= 7.8 Hz, 1H), 2.71 — 2.49 (m, 2H), 2.43 (s, 3H), 1.72 (p, J =
7.5 Hz, 2H), 1.27 (tt, J= 8.7, 4.8 Hz, 5H), 0.84 (t, /= 6.9 Hz, 3H).

13C NMR (125 MHz, CDCl3): § 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.3,121.8,31.6,27.7, 23.6, 22.1, 21.3, 13.9.

HRMS (ESI-TOF, [M + H]*): For C0H,,0,S, 327.1419, Found: 327.1419.

2-hexyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3fa)

3fa+3fa’ was obtained in 49% (33.3 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCl3): 6 7.59 (s, 1H), 7.55 — 7.46 (m, 3H), 7.38 — 7.29 (m, 2H), 7.28 — 7.24 (m,
1H), 6.99 (d, J = 7.8 Hz, 1H), 2.61 — 2.50 (m, 2H), 2.43 (s, 3H), 1.72 (p, /= 7.8 Hz, 2H), 1.44 - 1.16
(m, 7H), 0.84 (t, J= 6.9 Hz, 3H).

13C NMR (125 MHz, CDCL,): ¢ 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.3,121.9,31.2,29.2, 28.0, 23.7, 22.4, 21.3, 14.0.

HRMS (ESI-TOF, [M + H]*): For C,;H»,0,S, 341.1575, Found: 341.1570.

2-heptyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ga)
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3ga+3ga’ was obtained in 47% (32.0 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL): 6 7.59 (s, 1H), 7.55 — 7.44 (m, 3H), 7.33 (dd, J= 8.0, 1.6 Hz, 2H), 7.29
—7.24 (m, 1H), 6.99 (d, J=7.8 Hz, 1H), 2.58 —2.49 (m, 2H), 2.43 (s, 3H), 1.72 (p, J = 7.8 Hz, 2H),
1.35-1.13 (m, 8H), 0.85 (t, /= 6.9 Hz, 3H).

13C NMR (125 MHz, CDCl3): § 140.2, 138.7, 138.4, 136.4, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.3,121.9,31.6,29.4, 28.7, 28.0, 23.7, 22.6, 21.3, 14.1.

HRMS (ESI-TOF, [M + H]*): For C;,H,60,S, 355.1732, Found: 355.1725.

6-methyl-2-octyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ha)

3ha+3ha’ was obtained in 46% (33.9 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCls): 6 7.58 (s, 1H), 7.55 — 7.44 (m, 3H), 7.35 — 7.30 (m, 2H), 7.23 (d, J =
13.4 Hz, 1H), 6.99 (d, ] = 7.8 Hz, 1H), 2.65 — 2.47 (m, 2H), 2.43 (s, 3H), 1.71 (p, J = 7.8 Hz, 2H), 1.38
—1.08 (m, 12H), 0.86 (t, /= 7.1 Hz, 3H).

13C NMR (125 MHz, CDCL,): ¢ 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.2,121.8,31.8, 29.5, 29.1, 29.0, 28.0, 23.7, 22.6, 21.3, 14.1.

HRMS (ESI-TOF, [M + Na]*): For C,3H50,S, 391.1708, Found: 391.1702.

6-methyl-2-nonyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ia)
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3ia+3ia’ was obtained in 47% (35.9 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.59 (s, 1H), 7.56 — 7.46 (m, 1H), 7.34 — 7.32 (m, 3H), 7.26 — 7.20 (m,
2H), 6.99 (d, J=7.7 Hz, 1H), 2.56 — 2.50 (m, 1H), 2.43 (d, J=2.4 Hz, 2H), 1.79 — 1.67 (m, 3H), 1.31 -
1.16 (m, 12H), 0.87 (t,J="7.0 Hz, 3H).

13C NMR (125 MHz, CDCl3): § 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 130.2, 129.3, 129.0, 128.5,
123.3,121.9,31.8,29.5, 29.4, 29.2, 29.0, 28.0, 23.7, 22.6, 21.3, 14.1.

HRMS (ESI-TOF, [M + Na]*): For C,4H3,0,S, 383.2045, Found: 383.2038.

2-decyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ja)

3jat3ja’ was obtained in 39% (30.9 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCls): 6 7.50 (s, 1H), 7.42 (dq, /= 13.9, 7.1 Hz, 3H), 7.24 (d, /= 7.2 Hz, 2H),
7.17 (d, J= 6.9 Hz, 1H), 6.91 (d, /= 7.7 Hz, 1H), 2.45 (t,J= 8.0 Hz, 2H), 2.35 (s, 3H), 1.63 (p, J=17.6

Hz, 2H), 1.24 — 1.07 (m, 14H), 0.79 (t, J = 7.0 Hz, 3H).

13C NMR (125 MHz, CDCl3): 6 140.2, 138.7, 138.4, 136.4, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.3, 121.9, 31.9, 29.5, 29.5, 29.4, 29.3, 29.0, 28.0, 23.7, 22.7, 21.3, 14.1.

HRMS (ESI-TOF, [M + Na]*): For C,5H3,0,S, 419.2021, Found: 419.2022.

2-dodecyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ka)

o NI

3ka

3ka+3ka’ was obtained in 40% (33.9 mg) as a colorless oil after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.59 (s, 1H), 7.54 — 7.47 (m, 3H), 7.35 - 7.31 (m, 2H), 7.26 — 7.20 (m,

1H), 6.99 (d, J="7.7 Hz, 1H), 2.56 — 2.51 (m, 2H), 2.43 (s, 3H), 1.72 (p, /= 7.8 Hz, 2H), 1.32— 1.17
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(m, 18H), 0.88 (t, J= 6.9 Hz, 3H).

13C NMR (125 MHz, CDCl3): 6 140.2, 138.7, 138.4, 136.5, 133.8, 131.0, 131.0, 129.2, 129.0, 128.5,
123.2,121.9,31.9, 29.6, 29.6, 29.5, 29.4, 29.3, 29.0, 28.0, 23.7, 22.7, 21.3, 14.1.

HRMS (ESI-TOF, [M + Na]*): For Cy,H30,S, 447.2334, Found: 447.2328.

2-isopropyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3la)

3la
3la was obtained in 57% (34.0 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCls): 6 7.55 (s, 1H), 7.54 — 7.45 (m, 3H), 7.34 — 7.29 (m, 2H), 7.23 (d, J=7.8
Hz, 1H), 6.86 (d, J=17.7 Hz, 1H), 3.05 (p, /= 7.1 Hz, 1H), 2.42 (s, 3H), 1.37 (d, /= 7.0 Hz, 6H).
13C NMR (125 MHz, CDCLy): 6 143.1, 140.2, 137.7, 136.7, 133.7, 131.5, 131.0, 129.1, 129.0, 128 4,

123.3,121.4,27.2,21.4,21.3.
HRMS (ESI-TOF, [M + H]*): For C;sH,50,S, 299.1106, Found: 299.1108.
2-(tert-butyl)-6-methyl-3-phenylbenzo|[b]thiophene 1,1-dioxide (3ma)

0l
S
\

YA

3ma
3ma was obtained in 69% (43.1 mg) as a colorless crystal after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.52 (s, 1H), 7.51 — 7.41 (m, 3H), 7.25 (dd, J= 7.8, 1.7 Hz, 2H), 7.21
—7.11 (m, 1H), 6.53 (d, J= 7.8 Hz, 1H), 2.40 (s, 3H), 1.31 (s, 9H).
13C NMR (125 MHz, CDCl;): 6 145.8, 140.3, 138.2, 135.6, 133.8, 133.3, 132.2, 128.7, 128.6, 128.5,

123.3,120.9, 35.2, 30.6, 21.3.
HRMS (ESI-TOF, [M + H]*): For C,9H;00,S, 313.1262, Found: 313.1266.
2-(sec-butyl)-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3na)
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3na
3na was obtained in 42% (26.2 mg) as a colorless oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.55 (s, 1H), 7.54 — 7.42 (m, 3H), 7.30 — 7.28 (m, 2H), 7.23 (d, /= 7.7
Hz, 1H), 6.85 (d, /= 7.7 Hz, 1H), 2.86 — 2.64 (m, 1H), 2.42 (s, 3H), 1.98 — 1.79 (m, 1H), 1.67 — 1.51
(m, 1H), 1.38 (d, J="7.1 Hz, 3H), 0.89 (t, /= 7.3 Hz, 3H).
13C NMR (125 MHz, CDCly): 6 142.2, 140.2, 138.7, 136.7, 133.7, 129.0, 128.9, 128.5, 123.3, 121.4,

34.6,28.0,21.3,19.5, 12.6.
HRMS (ESI-TOF, [M + H]*): For C,4H,00,S, 313.1262, Found: 313.1265.

2-cyclopropyl-6-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (30a)

o >

3oa
3oa was obtained in 56% (33.2 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.54 (s, 1H), 7.53 — 7.50 (m, 2H), 7.50 — 7.47 (m, 1H), 7.46 — 7.42 (m,
2H), 7.25(d, J=7.1 Hz, 1H), 7.03 (d, /= 7.8 Hz, 1H), 2.42 (s, 3H), 1.75 (tt, J = 8.6, 5.4 Hz, 1H), 1.22
(dt, J=6.8, 4.9 Hz, 2H), 0.93 — 0.86 (m, 2H).
13C NMR (125 MHz, CDCl): 6 140.0, 138.6, 138.3, 136.3, 133.8, 131.1, 130.5, 129.2, 128.9, 128.8,

21.3, 6.8, 6.6.
HRMS (ESI-TOF, [M + H|*): For C,5H;40,S, 297.0949, Found: 297.0950.

2-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)ethyl 4-methylbenzenesulfonate (3pa)

0 OTs
NI
O\S
0O
3pa
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3pa was obtained in 36% (32.7 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.71 (dd, J= 8.3, 1.9 Hz, 2H), 7.56 (s, 1H), 7.52 (dt, J=4.1, 2.1 Hz,
3H), 7.33 (dd, J=5.1, 2.2 Hz, 2H), 7.28 (t, /= 7.9 Hz, 3H), 7.03 — 7.00 (m, 1H), 4.29 (td, /= 7.0, 1.8
Hz, 2H), 2.90 (td, /= 7.1, 1.8 Hz, 2H), 2.44 (s, 3H), 2.41 (s, 3H).

13C NMR (125 MHz, CDCL3): 6 144.9, 141.7, 141.0, 136.2, 134.0, 132.7, 132.5, 130.5, 129.8, 129.7,

129.2, 128.4, 128.0, 127.3, 123.9, 122.0, 66.6, 23.8, 21.6, 21.4.
HRMS (ESI-TOF, [M + Na]*): For C,4H»,0sS,, 477.0806, Found: 477.0806.
3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 4-methylbenzenesulfonate (3qa)

0) OTs

3ga
3qa was obtained in 55% (51.5 mg) as a colorless oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.72 — 7.69 (m, 2H), 7.57 (s, 1H), 7.56 — 7.50 (m, 3H), 7.34 — 7.28 (m,
5H), 7.01 (d, J=7.8 Hz, 1H), 4.05 (td, J= 6.0, 1.6 Hz, 2H), 2.60 (dd, J = 8.8, 6.8 Hz, 2H), 2.43 (s, 6H),
2.12-2.03 (m, 2H).
13C NMR (125 MHz, CDCl): 6 144.8, 140.6, 139.8, 136.3 (d, J=2.0 Hz), 133.9, 132.9, 130.6, 130.3,

129.8, 129.6, 129.2, 128.4, 127.9, 123.6, 121.9, 69.3, 27.1, 21.6, 21.4, 20.0.

HRMS (ESI-TOF, [M + Na|*): For C,5H»,05S,, 491.0963, Found: 491.0952.
2-(3-(6-Methyl-1,1-dioxido-3-phenylbenzo[b]|thiophen-2-yl)propyl)-1H-indene-1,3(2H)-dione (3ta)

3ta

3ta was obtained in 44% (38.94 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 4/1 v/v).

H NMR (500 MHz, CDCl): 6 7.96 (dd, J = 8.2, 1.5 Hz, 2H), 7.78 (dd, J = 5.4, 3.1 Hz, 2H), 7.68 (dd,
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J=5.5,3.0 Hz, 2H), 7.61 (d, J = 8.2 Hz, 2H), 7.44 (t, ] = 7.7 Hz, 2H), 7.25 (d, ] = 8.6 Hz, 2H), 3.59 (t,
J=6.9 Hz, 2H), 2.38 (s, 3H), 2.14 — 2.05 (m, 2H), 1.63 (ddd, ] = 9.9, 6.5, 3.6 Hz, 2H).
13C NMR (125 MHz, CDCly): 6 192.3, 168.2, 145.4, 134.1, 134.0, 133.2, 131.9, 129.8, 129.5, 129.1,

128.8, 123.3,77.3, 68.9, 36.9, 25.6, 25.4, 21.7.

HRMS (ESI-TOF, [M + Na]*): For C,7H»,0,4S, 466.1089, Found: 466.1086.
3-(6-Methyl-1,1-dioxido-3-phenylbenzo[b]|thiophen-2-yl)propyl benzoate (3ua)

3ua

3ua was obtained in 30% (25.11 mg) as a colorless solid after column chromate-graphy (eluent:
petroleum ether/ethyl acetate = 4/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.89 — 7.85 (m, 2H), 7.61 (s, 1H), 7.57 — 7.53 (m, 1H), 7.40 (ddd, J =
15.5,8.3,5.0 Hz, 5H), 7.33 — 7.27 (m, 3H), 7.01 (d, J = 7.7 Hz, 1H), 4.30 (t, J = 6.0 Hz, 2H), 2.80 (dd,
J=8.6, 6.8 Hz, 2H), 2.45 (s, 3H), 2.28 — 2.19 (m, 2H).

13C NMR (125 MHz, CDCl3): 6 166.3, 140.5, 139.5, 137.1, 136.4, 133.9, 132.9, 130.7, 130.6, 130.0,

129.6, 129.3, 129.1, 128.3, 128.2, 100.00, 63.7, 27.00, 21.4, 20.4.
HRMS (ESI-TOF, [M + Na]*): For C,sH»,0,S, 441.1136, Found: 441.1131.

6-methyl-2,3-diphenylbenzo[b]thiophene 1,1-dioxide (3Aa)

3Aa

3Aa was obtained in 69% (45.8 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.66 (s, 1H), 7.53 — 7.45 (m, 2H), 7.44 — 7.41 (m, 3H), 7.36 — 7.23 (m,
6H), 7.17 (d, J=7.9 Hz, 1H), 2.46 (s, 3H).

13C NMR (125 MHz, CDCl;): 6 141.0, 138.2, 136.6, 136.5, 134.0, 131.1, 130.6, 129.5, 129.4, 129.3,

129.1, 129.1, 128.7, 127.2, 124.0, 122.1, 21 4.
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HRMS (ESI-TOF, [M + Na]*): For C,,H,60,S, 355.0769, Found: 355.0768.
6-methyl-2,3-di-p-tolylbenzo[b]thiophene 1,1-dioxide (3Ba)

3Ba was obtained in 64% (46.1 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCls): 6 7.65 (s, 1H), 7.37 (d, /= 8.3 Hz, 2H), 7.31 (d, J= 7.9 Hz, 1H), 7.26 —
7.20 (m, 4H), 7.18 (d, /= 7.9 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 2.47 (s, 3H), 2.41 (s, 3H), 2.32 (s, 3H).
13C NMR (125 MHz, CDCl): 6 140.6, 139.6, 139.4, 137.5, 136.5, 136.3, 133.8, 130.9, 129.8, 129.4,

129.1, 129.0, 128.2, 124.4, 123.9, 122.0, 21.4, 21 4.
HRMS (ESI-TOF, [M + Na]*): For Cy;H»,0,S, 383.1082, Found: 383.1085.
2,3-bis(4-ethylphenyl)-6-methylbenzo[b]thiophene 1,1-dioxide (3Ca)

3Ca

3Ca was obtained in 52% (40.4 mg) as a green oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.65 (s, 1H), 7.39 (d, J= 8.3 Hz, 2H), 7.31 (d, /= 7.8 Hz, 1H), 7.27 —
7.23 (m, 4H), 7.18 (d, J="7.9 Hz, 1H), 7.12 (d, /= 8.1 Hz, 2H), 2.70 (q, J = 7.6 Hz, 2H), 2.61 (q, J =
7.6 Hz, 2H), 2.46 (s, 3H), 1.28 (t, J="7.6 Hz, 3H), 1.20 (t, /= 7.6 Hz, 3H).

13C NMR (125 MHz, CDCl3): 6 145.7, 145.6, 140.6, 137.4, 136.5, 136.3, 130.9, 129.1, 129.0, 128.6,
128.4,128.2, 124.6, 123.9, 122.0, 28.7,21.4, 15.2, 15.1.

HRMS (ESI-TOF, [M + Na]*): For C,sH»,0,S, 411.1395, Found: 411.1395.

2,3-bis(4-(tert-butyl)phenyl)-6-methylbenzo[b]thiophene 1,1-dioxide (3Da)
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3Da was obtained in 43% (38.2 mg) as a brown oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.58 (s, 1H), 7.37 (ddd, J= 18.4, 8.7, 2.2 Hz, 4H), 7.26 — 7.21 (m, 4H),
7.20 (s, 1H), 7.11 (dd, J= 7.7, 2.2 Hz, 1H), 2.39 (s, 3H), 1.30 (s, 9H), 1.22 (s, 9H).

13C NMR (125 MHz, CDCl,): 6 152.5, 140.6, 137.3, 136.4, 136.2, 133.8, 131.1, 128.8, 128.3, 126.0,
125.7,124.3, 124.0, 122.0, 34.9, 34.8, 31.3, 31.1, 21 .4.

HRMS (ESI-TOF, [M + Na]*): For CyH3,0,S, 467.2021, Found: 467.2011.

2,3-bis(4-fluorophenyl)-6-methylbenzo[b]|thiophene 1,1-dioxide (3Ea)

3Ea

3Ea was obtained in 58% (42.7 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.67 (s, 1H), 7.44 (dd, J=8.7, 5.4 Hz, 2H), 7.35 (d, /= 7.9 Hz, 1H),
7.31(dd, J=8.5,5.3 Hz, 2H), 7.20 — 7.12 (m, 3H), 7.01 (t, J = 8.7 Hz, 2H), 2.48 (s, 3H).

13C NMR (125 MHz, CDCl,): 6 141.3, 137.2, 136.3, 135.9, 134.1, 131.4, 131.3, 131.1, 131.0, 130.2,
126.7,126.7, 123.8, 123.1, 123.0, 122.3, 116.6, 116.5, 116.2, 116.1, 21.5.

HRMS (ESI-TOF, [M + H]*): For C,;H,4F,0,S, 369.0761, Found: 369.0758.

2,3-bis(4-chlorophenyl)-6-methylbenzo[b]thiophene 1,1-dioxide (3Fa)
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3Fa

3Fa was obtained in 49% (39.2 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.67 (s, 1H), 7.47 — 7.42 (m, 2H), 7.41 — 7.38 (m, 2H), 7.37 — 7.34 (m,
1H), 7.30 (d, J = 8.6 Hz, 2H), 7.27 (d, J = 3.8 Hz, 2H), 7.15 (d, J=7.9 Hz, 1H), 2.49 (s, 3H).

13C NMR (125 MHz, CDCl,): 6 141.5, 137.5, 136.4, 136.0, 135.9, 134.1, 130.5, 130.4, 129.9, 129.7,
129.3, 1254, 123.8, 122.4, 21.5.

HRMS (ESI-TOF, [M + H]*): For C,;H,4C1,0,8, 401.0170, Found: 401.0176.

2,3-bis(4-bromophenyl)-6-methylbenzo[b]thiophene 1,1-dioxide (3Ga)

3Ga

3Ga was obtained in 44% (42.9 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.67 (s, 1H), 7.60 (d, J= 8.1 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.39 —
7.30 (m, 3H), 7.19 (d, /= 8.3 Hz, 2H), 7.14 (d, J = 7.8 Hz, 1H), 2.48 (s, 3H).

13C NMR (125 MHz, CDCl,): 6 141.5, 137.5, 136.4, 136.0, 134.2, 132.7, 132.2, 130.7, 130.6, 129.8,
129.6, 125.9, 124.4, 124.1, 123.8, 122.4, 21.5.

HRMS (ESI-TOF, [M + H]*): For C,;H,4Br,0,S, 488.9160, Found: 488.9164.

6-methyl-2,3-di-m-tolylbenzo[b]thiophene 1,1-dioxide (3Ha)
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3Ha

3Ha was obtained in 41% (29.5 mg) as a yellow oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL): 6 7.65 (s, 1H), 7.37 (s, 1H), 7.34 — 7.27 (m, 2H), 7.23 (d, /= 7.7 Hz,
1H), 7.16 (dd, J=5.1, 2.6 Hz, 2H), 7.13 (dd, J= 7.3, 2.1 Hz, 3H), 7.10 (d, J= 8.1 Hz, 1H), 2.46 (s, 3H),
2.35 (s, 3H), 2.27 (s, 3H).

13C NMR (125 MHz, CDCl): 6 140.8, 138.8, 138.3, 138.1, 136.5, 133.9, 131.1, 130.8, 130.3, 130.1,
129.5,129.4, 129.0, 128.5, 127.1, 126.6, 126.2, 124.0, 122.0, 21.5, 21.4.

HRMS (ESI-TOF, [M + Na]*): For C,3H,,0,S, 383.1082, Found: 383.1075.

2-(4-(tert-butyl)phenyl)-3-(4-chlorophenyl)-6-methylbenzo[b]|thiophene 1,1-dioxide (31a)

3la
3Ia was obtained in 26% (21.9 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'"H NMR (500 MHz, CDCl3): 6 7.65 (s, 1H), 7.44 (d, J= 8.0 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.33 (d,
J=1.7Hz, 1H), 7.26 (d, J= 7.7 Hz, 2H), 7.22 (d, J = 8.0 Hz, 3H), 2.47 (s, 3H), 1.35 (s, 9H).
13C NMR (125 MHz, CDCl3): 6 153.0, 141.1, 138.8, 136.4, 135.5, 135.0, 134.0, 130.5 (d, J= 6.0 Hz),
129.6, 129.0, 128.7, 127.6, 126.2, 125.9, 124.3, 122.1, 34.9, 31.2, 21.5.
HRMS (ESI-TOF, [M + Na]*): For C,5H,;Cl10,8S, 445.1005, Found: 445.1000.

3-(4-(tert-butyl)phenyl)-2-(4-chlorophenyl)-6-methylbenzo[b]|thiophene 1,1-dioxide (31a”)
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3Ia’ was obtained in 24% (20.2 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL): J 7.66 (s, 1H), 7.44 (d, J= 8.2 Hz, 2H), 7.39 (d, J = 8.2 Hz, 2H), 7.31
(dt,J=11.2,6.6 Hz, 5H), 7.11 (d, J= 7.8 Hz, 1H), 2.47 (s, 3H), 1.28 (s, 9H).

13C NMR (125 MHz, CDCl;): 6 153.0, 141.0, 137.1, 136.4, 136.0, 135.4, 134.0, 130.5, 130.4, 129.6,
129.0, 128.8, 125.9, 123.8, 123.6, 122.2, 34.8, 31.1, 21 4.

HRMS (ESI-TOF, [M + Na]*): For CysH,;Cl0,S, 445.1005, Found: 445.1001.

6-ethyl-2-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ab)

3ab

3ab was obtained in 69% (39.2 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.65 (s, 1H), 7.58 — 7.45 (m, 3H), 7.39 — 7.33 (m, 2H), 7.30 (dd, J =
7.8,1.7 Hz, 1H), 7.11 (d, J = 7.8 Hz, 1H), 2.73 (q, /= 7.6 Hz, 2H), 2.14 (s, 3H), 1.27 (t, /= 7.6 Hz,
3H).

13C NMR (125 MHz, CDCL3): 6 146.4, 137.9, 136.4, 134.5, 132.8, 131.2, 130.7, 129.4, 129.0, 128.6,
123.3,121.0, 28.6, 15.2, 7.5.

HRMS (ESI-TOF, [M + H]*): For C,7H,60,S, 285.0949, Found: 285.0951.

2-methyl-3-phenyl-6-propylbenzo[b]thiophene 1,1-dioxide (3ac)
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3ac

3ac was obtained in 51% (30.4 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.62 (s, 1H), 7.51 (ddd, J=13.6, 7.9, 6.1 Hz, 3H), 7.38 — 7.32 (m, 2H),
7.28 (dd, J=17.8, 1.6 Hz, 1H), 7.10 (d, J= 7.8 Hz, 1H), 2.67 (t, /= 7.6 Hz, 2H), 2.14 (s, 3H), 1.68 (dt,
J=15.0,7.5 Hz, 2H), 0.95 (t, /= 7.3 Hz, 3H).

13C NMR (125 MHz, CDCl3): 6 144.9, 138.0, 136.3, 134.5, 133.4, 131.2, 130.6, 129.4, 129.0, 128.7,
123.2,121.5,37.7,24.2,13.6, 7.5.

HRMS (ESI-TOF, [M + NaJ]*): For C,3sH;50,S, 321.0925, Found: 321.0927.

6-cyclohexyl-2-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ad)

N
O\S
\

POAv

3ad

3ad was obtained in 64% (43.3 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCls): 6 7.67 (s, 1H), 7.57 — 7.45 (m, 3H), 7.39 — 7.33 (m, 2H), 7.31 (dd, J =
7.9, 1.7 Hz, 1H), 7.10 (d, /= 7.9 Hz, 1H), 2.59 (td, J=11.4,9.7, 5.5 Hz, 1H), 2.13 (s, 3H), 1.96 — 1.81
(m, SH), 1.48 — 1.35 (m, SH), 1.26 (d, J= 5.8 Hz, 2H).

13C NMR (125 MHz, CDCl,): 6 149.6, 137.2, 135.6, 133.9, 131.2, 130.5, 130.0, 128.6, 128.3, 127.9,
122.6,119.3,43.7,33.5,25.9,25.2, 6.8.

HRMS (ESI-TOF, [M + H]*): For C,;H»,0,S, 339.1419, Found: 339.1418.

6-(tert-butyl)-2-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ae)
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3ae was obtained in 55% (34.3 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.85 (s, 1H), 7.57 — 7.46 (m, 4H), 7.40 — 7.33 (m, 2H), 7.14 (d, /= 7.9
Hz, 1H), 2.15 (s, 3H), 1.35 (s, 9H).

13C NMR (125 MHz, CDCl;): 6 153.5, 137.8, 136.2, 134.8, 130.9, 130.6, 130.4, 129.4, 129.0, 128.6,
123.1,118.7,35.3,31.1, 7.5.

HRMS (ESI-TOF, [M + H]*): For C,oH00,S, 313.1262, Found: 313.1263.

2,7-dimethyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3af)

3af

3af was obtained in 56% (30.3 mg) as a yellow oil after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,):  7.40 — 7.34 (m, 3H), 7.30 (dd, J=16.3, 8.0 Hz, 2H), 7.22 (t, /= 7.5
Hz, 1H), 7.15 (d, /= 8.1 Hz, 2H), 2.35 (s, 3H), 2.30 (s, 3H).

13C NMR (125 MHz, CDCl,): 6 142.8, 139.4, 139.0, 137.2, 134.3, 133.6, 132.2, 129.1, 128.5, 128.0,
127.6,124.8,21.1, 21.1.

HRMS (ESI-TOF, [M + Na]*): For C,4H,40,S, 293.0612, Found: 293.0610.

2-methyl-3-phenylnaphtho[1,2-b]thiophene 1,1-dioxide (3ag)

3ag
3ag was obtained in 43% (26.3 mg) as a yellow solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).
'H NMR (500 MHz, CDCl;): 6 8.00 (d, /= 8.4 Hz, 1H), 7.87 (t, J = 8.0 Hz, 2H), 7.62 — 7.55 (m, 3H),
7.47 (ddd, J=8.2,6.3, 1.7 Hz, 1H), 7.39 — 7.34 (m, 2H), 7.22 — 7.13 (m, 2H), 2.05 (s, 3H).
13C NMR (125 MHz, CDCl;): 6 139.1, 137.0, 136.8, 134.1, 133.9, 131.2, 129.4, 129.3, 129.3, 128.5,

128.1, 127.8, 127.5, 125.2, 116.7, 7.6.
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HRMS (ESI-TOF, [M + H]*): For C,4H;40,8S, 307.0793, Found: 307.0793.

6-methoxy-2-methyl-3-phenylbenzo[b]thiophene 1,1-dioxide (3ah)

3ah

3ah was obtained in 67% (38.3 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.57 — 7.46 (m, 3H), 7.37 — 7.34 (m, 3H), 7.11 (d, J= 8.4 Hz, 1H),
6.97 (dd, J=8.4,2.5 Hz, 1H), 3.88 (s, 3H), 2.12 (s, 3H).

13C NMR (125 MHz, CDCl;): 6 161.0, 138.0, 137.8, 133.5, 130.7, 129.4, 129.0, 128.6, 125.8, 124.5,
118.8,107.3, 56.0, 7.5.

HRMS (ESI-TOF, [M + Na]*): For C,,H,40;S, 309.0561, Found: 309.0563.

2-(3-azidopropyl)-6-methyl-3-phenylbenzo[b]|thiophene 1,1-dioxide (4)

o N,

S
Cr
»

4
4 was obtained in 92% (62.4 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).
'H NMR (500 MHz, CDCL,): 6 7.60 (s, 1H), 7.58 — 7.48 (m, 3H), 7.34 (d, J= 6.9 Hz, 2H), 7.29 (d, J =
7.9 Hz, 1H), 7.02 (d, J=7.8 Hz, 1H), 3.32 (t, J = 6.5 Hz, 2H), 2.76 — 2.62 (m, 2H), 2.44 (s, 3H), 2.00
(p, J= 6.8 Hz, 2H).
13C NMR (125 MHz, CDCl): 3 140.6, 139.6, 136.9, 136.3, 134.0, 130.7, 130.5, 129.6, 129.2, 128.3,
123.5,121.9, 50.6, 27.0, 21.4, 20.8.

HRMS (ESI-TOF, [M + Na]*): For C,sH;7N;0,S, 362.0939, Found: 362.0939.

6-methyl-3-phenyl-2-(3-(4-phenyl-1H-1,2,3-triazol-1-yl)propyl)benzo[b]|thiophene 1,1-dioxide (5)
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(0] NG
(ON] N~ N
S

sashl

»

5

5 was obtained in 89% (78.6 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).
'H NMR (500 MHz, CDCL): 6 7.77 (d, J= 7.3 Hz, 2H), 7.62 (s, 1H), 7.60 (s, 1H), 7.46 (dd, J= 8.1,
6.3 Hz, 2H), 7.41 (dd, J = 8.4, 6.7 Hz, 3H), 7.31 (dd, J = 24.3, 7.6 Hz, 3H), 7.25 (s, 1H), 7.02 (d, /=
7.8 Hz, 1H), 4.41 (t, J= 6.9 Hz, 2H), 2.65 (t, J = 7.5 Hz, 2H), 2.44 (s, 3H), 2.41 — 2.34 (m, 2H).
13C NMR (125 MHz, CDCl): 6 147.8, 140.8, 140.0, 136.2, 136.2, 134.1, 130.6, 130.5, 130.2, 129.7,
129.3,128.8, 128.2, 128.1, 125.8, 123.6, 122.0, 119.7, 49.3, 28.2, 21.4, 20.6.
HRMS (ESI-TOF, [M + H]*): For CagH,3N;0,S, 442.1589, Found: 442.1588.

3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 2-(1-(4-chlorobenzoyl)-5-methoxy-

2-methyl-1H-indol-3-yl)acetate (6)

6 was obtained in 83% (108.3 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.72 (d, J=7.9 Hz, 1H), 7.64 (d, J= 8.2 Hz, 2H), 7.58 (s, 1H), 7.54 —
7.47 (m, 3H), 7.45 (d, J= 8.3 Hz, 2H), 7.36 — 7.27 (m, 4H), 7.00 (d, /= 7.8 Hz, 1H), 6.91 (d, J=2.5
Hz, 1H), 6.88 (d, /=9.0 Hz, 1H), 6.65 (dd, J=9.1, 2.6 Hz, 1H), 4.08 (t, /= 6.2 Hz, 2H), 3.81 (s, 3H),
3.55 (s, 2H), 2.64 (t, J= 7.7 Hz, 2H), 2.60 (d, J = 5.3 Hz, 1H), 2.43 (s, 3H), 2.30 (s, 3H), 2.07 (dd, J =
6.8, 2.2 Hz, 2H).

I3C NMR (125 MHz, CDCl;): 6 170.7, 168.3, 156.1, 140.6, 139.4, 139.2, 137.0, 136.3, 135.9, 134.0,
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131.2, 130.6, 129.7, 129.5, 129.2, 129.1, 128 4, 127.3, 123.5, 121.9, 115.0, 112.5, 111.7, 101.2, 63.9,
55.7,30.1,26.9,21.4,20.2, 13.4.
HRMS (ESI-TOF, [M + Na]*): For C;7H3,CINOgS, 676.1537, Found: 676.1544.

3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 2-(4-isobutylphenyl)propanoate (7)

7 was obtained in 80% (80.1 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.57 (s, 1H), 7.53 — 7.45 (m, 3H), 7.33 — 7.24 (m, 3H), 7.09 (d, /= 7.8
Hz, 2H), 7.03 (d, /= 7.9 Hz, 2H), 6.98 (d, J = 7.8 Hz, 1H), 4.03 (ddt, /= 39.6, 11.5, 6.1 Hz, 2H), 3.54
(q,J=7.1 Hz, 1H), 2.56 (t, J = 8.3 Hz, 2H), 2.46 — 2.39 (m, 5H), 2.03 (dh, J = 13.5, 7.0 Hz, 2H), 1.87
—1.76 (m, J= 6.8 Hz, 1H), 1.39 (d, /= 7.2 Hz, 3H), 0.87 (s, 3H), 0.86 (s, 3H).

13C NMR (125 MHz, CDCl,): 6 174.5, 140.5, 139.2, 137.6, 137.2, 136.4, 133.9, 130.7, 130.7, 129.4,
129.3,129.1, 128.4, 127.1, 123.4, 121.9, 100.0, 63.6, 45.0, 30.2, 27.0, 22.4, 21.4, 20.3, 18.4.

HRMS (ESI-TOF, [M + Na]*): For C3,H340,4S, 525.2075, Found: 525.2079.

3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 5-(2,5-dimethylphenoxy)-2,2-

dimethylpentanoate (8)

8 was obtained in 95% (103.5 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCl;): 6 7.58 (s, 1H), 7.48 (dtd, J=12.7, 6.9, 1.6 Hz, 3H), 7.34 — 7.28 (m, 2H),
7.28 —7.22 (m, 1H), 6.98 (dt, J = 8.0, 1.8 Hz, 2H), 6.64 (d, /= 7.5 Hz, 1H), 6.59 (s, 1H), 4.05 (td, J =
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6.1, 1.5 Hz, 2H), 3.86 (dt, J= 6.7, 3.4 Hz, 2H), 2.64 (dd, J= 9.1, 6.8 Hz, 2H), 2.42 (s, 3H), 2.29 (s, 3H),
2.15 (s, 3H), 2.07 (dt, J=10.5, 3.8 Hz, 2H), 1.73 — 1.58 (m, 4H), 1.11 (s, 6H).

13C NMR (125 MHz, CDCL,): 0 177.6, 157.0, 140.5, 139.3, 137.2, 136.4, 136.4, 133.9, 130.7, 130.7,
130.3, 129.5, 129.2, 128.4, 123.6, 123.5, 121.9, 120.7, 112.0, 67.9, 63.4, 42.1, 37.0, 27.3, 25.1, 25.1,
21.4,21.4,20.5,15.8.

HRMS (ESI-TOF, [M + Na]*): For C33H3305S, 569.2338, Found: 569.2327.
3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 2-(4-((2-

oxocyclopentyl)methyl)phenyl)propanoate (9)

9 was obtained in 82% (89.2 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.59 (s, 1H), 7.55 — 7.48 (m, 3H), 7.34 — 7.28 (m, 3H), 7.14 — 7.04 (m,
4H), 7.00 (d, J = 7.8 Hz, 1H), 4.04 (ddt, J = 34.5, 11.5, 6.2 Hz, 2H), 3.56 (q, /= 7.1 Hz, 1H), 3.11 (dd,
J=13.9,4.2 Hz, 1H), 2.63 (dd, J=5.5, 1.2 Hz, 1H), 2.57 (t,J="7.9 Hz, 2H), 2.44 (s, 3H), 2.36 — 2.28
(m, 2H), 2.06 —2.00 (m, 4H), 1.97 — 1.89 (m, 1H), 1.77 — 1.65 (m, 1H), 1.60 — 1.47 (m, 1H), 1.40 (dd,
J=1.3,1.3 Hz, 3H).

13C NMR (125 MHz, CDCl3): 6 174.4, 140.5, 139.3, 138.8, 138.2, 137.1, 136.3, 133.9, 130.7, 130.6,
129.7,129.5, 129.1, 129.1, 128.4, 127.5, 127.3, 123.5, 121.9, 63.7, 51.0, 45.0, 38.2, 35.2, 29.2, 27.0,
21.4,20.5,20.2,18.3.

HRMS (ESI-TOF, [M + Na]*): For C33H340;S, 565.2015, Found: 565.2019.
3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl (18,35)-3-((Z)-2-chloro-3,3,3-

trifluoroprop-1-en-1-yl)-2,2-dimethylcyclopropane-1-carboxylate (10)
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10

10 was obtained in 80% (85.8 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL): 6 7.59 (s, 1H), 7.51 (q, J=17.5, 7.1 Hz, 3H), 7.35 — 7.31 (m, 2H), 7.29 (s,
1H), 7.01 (d, /= 7.8 Hz, 1H), 6.90 (d, /= 9.4 Hz, 1H), 4.04 (qt, /= 11.4, 6.0 Hz, 2H), 2.68 (t,J=7.7
Hz, 2H), 2.44 (s, 3H), 2.14 - 2.01 (m, 3H), 1.81 (d, /= 8.3 Hz, 1H), 1.26 (s, 3H), 1.23 (s, 3H).

13C NMR (125 MHz, CDCl3): 6 170.1, 140.5, 139.4, 137.0, 136.4, 133.9, 130.7, 130.6, 130.2 (g, J =
4.5 Hz), 129.4, 129.1, 128.4, 123.5, 121.9, 63.4, 32.7, 30.8, 28.6, 28.3, 26.9, 21.3, 20.2, 14.8.

HRMS (ESI-TOF, [M + Na]*): For Cy;H,cCIF;0,4S, 561.1090, Found: 561.1082.
3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl  (S5)-2-(6-methoxynaphthalen-2-

yDpropanoate (11)

0P

N\

11 was obtained in 68% (71.4 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.66 (t,J= 8.5 Hz, 2H), 7.58 (t, J= 2.2 Hz, 2H), 7.52 — 7.44 (m, 3H),
7.29 (ddd, J=16.8, 6.9, 2.8 Hz, 4H), 7.18 — 7.08 (m, 2H), 6.98 (d, J = 7.9 Hz, 1H), 4.05 (ddt, J = 45.4,
11.6, 6.2 Hz, 2H), 3.90 (s, 3H), 3.71 (q, J="7.2 Hz, 1H), 2.58 (ddd, /= 8.7, 6.9, 2.1 Hz, 2H), 2.43 (s,

3H), 2.08 — 2.00 (m, 2H), 1.49 (d, J = 7.1 Hz, 3H).
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13C NMR (125 MHz, CDCl,): 6 174.4, 157.6, 140.5, 139.3, 137.1, 136.3, 135.6, 133.9, 133.6, 130.7,
130.6, 129.4, 129.3, 129.1, 128.9, 128.4, 127.1, 126.2, 125.9, 123.4, 121.9, 118.9, 105.6, 63.7, 55.3,
45.3,26.9,21.3,20.2, 18.4.

HRMS (ESI-TOF, [M + Na]*): For C;,H300;S, 549.1712, Found: 549.1710.
3-(6-methyl-1,1-dioxido-3-phenylbenzo[b]thiophen-2-yl)propyl 2-(11-0x0-6,11-

dihydrodibenzo[b,e]oxepin-2-yl)acetate (12)

12 was obtained in 89% (100.9 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).

'H NMR (500 MHz, CDCL,): 6 8.04 (d, J= 2.4 Hz, 1H), 7.90 — 7.85 (m, 1H), 7.59 — 7.58 (m, 1H),
7.57 —7.50 (m, 4H), 7.48 — 7.44 (m, 1H), 7.38 — 7.32 (m, 4H), 7.28 (d, /= 7.8 Hz, 1H), 7.00 (t, /= 8.1
Hz, 2H), 5.17 (s, 2H), 4.08 (t, J = 6.0 Hz, 2H), 3.48 (s, 2H), 2.66 (dd, J = 8.6, 6.7 Hz, 2H), 2.43 (s, 3H),
2.07 (p, J=6.8 Hz, 2H).

13C NMR (125 MHz, CDCl;): 6 190.7, 171.1, 170.6, 160.4, 140.5, 140.4, 139.4, 136.9, 136.3, 135.6,
133.9,132.7, 132.3, 130.6, 130.5, 129.5, 129.4, 129.2, 129.1, 128 .4, 127.8, 127.6, 125.0, 123.4, 121.8,
121.0, 73.6, 63.7, 39.9, 26.8, 21.3, 20.1.

HRMS (ESI-TOF, [M + Na]*): For C34H,30¢S, 587.1504, Found: 587.1506.

2,6-di-tert-butyl-4-methylphenyl 4-methylbenzenesulfonate (13)

13
13 was obtained in 55% (123.60 mg) as a white solid after column chromatography (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

H NMR (500 MHz, CDCLy): 5. 7.51 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.63 (s, 2H), 2.36 (s,
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3H), 1.81 (s, 3H), 1.10 (s, 18H).

13C NMR (101 MHz, CDCl3): 6 = 183.7, 151.2, 145.3, 135.7, 130.6, 130.3, 128.8, 77.4, 77.0, 76.7,

65.8,35.2,29.0, 21.6, 18.5.

HRMS (ESI-TOF, [M + Na]*): For C»,H3,NaOsS, 397.1813, Found: 397.1814.
(2-tosylethene-1,1-diyl)dibenzene (15)

Ts

15
15 was obtained in 79% (158.4 mg) as a white solid after column chromate-graphy (eluent: petroleum
ether/ethyl acetate = 10/1 v/v).
'"H NMR (500 MHz, CDCl;): 6 7.47 (d, J = 8.3 Hz, 2H), 7.40 — 7.35 (m, 2H), 7.30 (dd, /= 8.3, 6.8 Hz,
4H), 7.20 (dd, J=17.9, 1.7 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 7.10 (dd, J = 7.6, 1.6 Hz, 2H), 6.99 (s, 1H),
2.38 (s, 3H).
13C NMR (125 MHz, CDCl,): 6 154.5, 143.5, 139.0, 138.4, 135.4, 130.0, 129.6, 129.1, 128.8, 128.6,
128.4,128.0, 127.6, 127.5, 21.4.
HRMS (ESI-TOF, [M + H]*): For C,;H;50,S, 335.1106, Found: 335.1106.
(E)-1-((1-ethoxy-1-phenylprop-1-en-2-yl)sulfonyl)-4-methylbenzene (14)

Ts

/Me

OEt
16

16 was obtained in 51% (49.4 mg) as a colorless oil after column chromatography (eluent: petroleum
ether/ethyl acetate = 20/1 v/v).

'H NMR (500 MHz, CDCL,): 6 7.40 (d, J = 7.9 Hz, 3H), 7.38 — 7.28 (m, 2H), 7.23 — 7.17 (m, 2H),
7.14 (d, J = 8.0 Hz, 2H), 3.48 (q,J = 7.0, 7.0, 7.1 Hz, 2H), 2.37 (s, 3H), 2.10 (s, 3H), 1.14 (t, ] = 7.0,
7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3): 6 = 162.8, 143.0, 139.3, 132.3, 129.8, 129.5, 129.2, 127.8, 127.3, 118.8,
77.3,77.1,76.8, 65.1,21.5,15.2, 12.8.

HRMS (ESI-TOF, [M + Na]*): For CgH,,NaOsS, 339.1031, Found: 339.1038.
6-Methyl-3-phenyl-2-propyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide (17)
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17
17 was obtained in <5% yield under the reaction conditions as a colorless solid after column
chromatography (eluent: petroleum ether/ethyl acetate = 20/1, v/v).
'H NMR (500 MHz, CDCL3) 6 7.65 (s, 1H), 7.35 (d, J= 7.9 Hz, 1H), 7.29 (d, J= 7.4 Hz, 3H), 7.13 -
7.08 (m, 3H), 4.67 (d, J = 8.6 Hz, 1H), 3.76 (td, J = 8.4, 6.0 Hz, 1H), 2.45 (s, 3H), 1.65 (dtt, J = 16.7,
8.4,4.0 Hz, 2H), 1.55 - 1.23 (m, 2H), 0.88 (t, /= 7.1 Hz, 3H).
13C NMR (125 MHz, CDCl3): § 139.7, 138.9, 138.1, 137.6, 134.8, 129.6, 128.5, 127.7, 127.7, 121.3,
64.0,48.5,27.4,21.2,20.3, 13.9.

HRMS (ESI-TOF, [M + Na]*): For CgH,,0,S, 323.1082, Found: 323.1087.

54



e,
ve
30°L
0L
1L

3aa

96°¢C
60'¢c

0.0

£1 (ppm)

£1 (ppm|

WQO
60

9L

i |

|

¥o'¢

16°0

Ly L—

.€e—

oy

T
30

sty

(ppm)

¢clh
Vect
8¢l
)6cl
v6cl

yoet
0EL 7
reel
7yEL
roEL
LEL
Yoyl

¢

190

0

Ls
Q

55



T
€L
£
¥'e
15T
6°Z ]
15T
9T
0°L
0L
A

3ba

00°L
10°L
€€'L
€€°L
€L
13

—

faYaliVi — JEN v

LG°L
€471 -
6S°L
mm.h\

- o}

\u&r._. .

1 (ppm)

£1 (ppm)

)ITELN
WL~
ere’

o U

w._‘N:
SECLY
8¢l

)62
J6C1A

T

SOEl—

yeel 7
sqcy J

A~

8¢1 ]

i'6€1

TovL-

56



=g0e
w )
#8008

o\ P
S

8

N 0oy

(ppm)

f1

A l_ R

7101
Al
807
g
]

(ppm)

f1

07~
.m.FN/

%P

&1

39'627

ppm)

W.FN;
H.MN:
7”8¢l

1

T

GTAR
ATAR

y 0EL
yrekr
oo J

=

79¢gl ]

yaarg
*wmr;
TovlL

57



¢80
780
580
980
0el
18
Lel
A
mm;\
691
1Ll

257\
A
857
957
853
0oL
57,
57'L
8L
i
i
2l
28
peL
peL
BY'L
05,
05,
05,
5L
151
I5L
251
BE'L |

o

BSL-

mm\._./ FO0)

i

£1 (ppm)

7.66

801

281
%E
#908
oo

f1 (ppm)

7SELA
)e'le

NQNNM
M7 S \

3da

10’

L2k

£1 (ppm)

recl

twwrg
)6Cl

7621

y0€L
)LEL
wmmr\
79€1

Ll

78EL ]
8¢l
-ovik

58



780
780
580
Al
Al
9zl
9zl
1z
821"
871
IL1
2L
XA

—_—

e5e
¥5e
LA
869
0oL
'L
5L
L
17l
el
el
g8l
yeL
yeL
GY'L
05'L
05'L
05'L
5L
5L
5L
5L

mm.hv

5L

£1 (ppm)

3ea

f1 (ppm)

igel
Vm._w/
30°2Z\
9c”
LLT

91’

0|

(ppm)

~—

™

—
-

=

Il

59



790
pg0
58701
AR
4R
Al
:,L
mm_\ﬁ
971
AR
871 ﬁ
871
4]
0Ll
Ll
7
57
¥57
857
869
0oL
57’1
L
izl
8L
8L
el
8L
BYL
05'L
05'%
5L
I5°L
2511
oL
BS'L
BoL~

—

—_—

|

\J EgIg

£1 (ppm)

Bzl

- mﬁ_:.m
= —~ B0
ool

f1 (ppm)

36°Ch
€le
iv'ec
9°€e~

NANN b 2

YO LG T

L6z’
SLTLE

Flchy

1 (ppnp

wmmrg
8¢l

)6Cl

762

.omrv
A
[

‘cpy |

)
)LEL

cCl

ZzQCT -

TG F

twmrg
8¢l

oL

60



CDR
58D
980 1
Bl
0z ﬁ
0z
IZ1-
Iz
AR
AR
87
Al
9z’
1z
Al
o)
g7
A4
757
057
869
0o'L
5ZL
5ZL
L
8L
5L
78l
el
gL
0s'L
05t
5L
5L
5L
BS'L
goL”

iv4
Forg

iz

008

7.05

7.10

£1 (ppm)

RilifA

7001
I —— o |

e 7

150

f1 (ppm)

90' vl
ce'le
8G°¢¢c
99°¢c
+0°8Z

VoG

=

o/

89°8¢
S¥'6¢C
€9°1L€

o

£1 (ppm)|

-
—

_

WM

cp Qe
-~

=

- = v
PR P

o % &

-~

D W WKW M T— PO PO O
T OO MO MO M |NNN

-
-
ul

YRR A

61



380
(80
01
1[4
1 ir
4
801
5¢1
321
8217
321
L2
8¢
8e1
I
e
A
5
562
8619
66'd
8L
I8t
el
el
88
el
8L
B7'L
5L
5L
5L
15
5L
mm.hv

B5L

qm_j

—

f1 (ppm)

A
806

A

#5'E
Mgz

790

I
WE
P98E
oo

f1 (ppm)

3071
'1e
92
)9'€T
20'82
_m.wmw

30°62
762

3ha

327 1e’

1 (ppp

g

NN e
+

— v |vT
B

NN

D N

YT Y
|

Q o]
M NN QN NN N

1[30|

> 0
[spIN4r]
-
—

©

™

—
k\

80 00

o

<t M M

A\ )
|

62



98°0
L80
L8'0
68°0
121
9T 4
LT
8T'1
671

—_————

Tl
€z
£z
44
vz
ssz
669 ;
00°L
sTL
9zL
zEL
z€L
€€L
beL
peL
6tL
0s°L
05°L
052 |
152
zSL
zsL
652

—_—

0.0

f1 (ppm)

£1 (ppm)

65°L

7.5

oLvi
ce'Le
g9'¢ce
99°¢€e
0°8¢
NO.@NM
c¢ecee
6€°6¢
6v°6¢C

i gl

eg1el

63

£1 (ppm)

‘._
|

N
4

—
=

NS @ q
—

M MM M Q)

™

Qg Y

D o9 0P W M — O (

I ) N
— T

-+
+




LLU
6L
080
Al
bl
8l
0zl
191
£ql
Pg1=

—

f——"

6el
AR
Sh'd
e

e

083
769
UL
8L
8L
5Z'L
88'L
av'L
L
LA
oL
5L
E.Z

={EE

1

Fogyl

I

Fpge

.

f1 (ppm)

= v (78
LA

|

)y Bl

I
M m 9z
- vl

"o

0.0

s

f1 (ppm}

Bja

¥

ieh)
ezl

£1 (prpm)

a:an
)62
“.mN_‘#

3’0EL
ZQV
200_\

79€1
rgel

15

8¢l

.D.T_g
oV

13

64



£8°0
880 [e
06°0 4
0T'1 ro
€T
ST
9Z'1
LT°1
8T'1
0’1 -
0L'T
(A

€Lt ﬁ
e’z LS

—— e —————
L_J k_J
—
o«
e
)
lr} 1.0

z59'T
¥S'T Lo
ss'T

O
869 \ _ z 2
)

00°Z o
STL 86'9 00"
ces 00°L -~ K
zeL -
€L
ve L >
veL \ ’
6L -
05°L
05°L S0
0S°L
15°L
z5L
Ts'L
6S°L

Org

f1 (ppm)

65

f1 (ppm)
£1| (ppm)

160




Mo
~

3la

£1 (ppm)

0'¢

i0°¢

0’

i8'9

89

Tl

L

1L

€L

“ngmwo )

wvngm@o% - dm

Lo oes ¢

i Y -

.V.D ze/ )

SLY ze s "4

'm.ﬁg 6L _. 0 1M

WNAOmNQ -

megrms m

”@ngmms ——=—tpele

mnem@nﬂ =670/

4 p 8 . N
g5/

R .

52/

3la

pom)|

£

P

66



67

Ou\mb )
o
= ee”
o ) )9°0€
P @ 616 |, zge~
&4
'S'9 \ 00 |-
5’9
L B
L
1L
1L
2L
iz <50zl -
'L o]
rAVA o '8clh
WL . B '8¢l
WL Nm.o/ - .8cl
] esol - E—

WLy o e e~
vl YL s reeL
v SeL e o ceer
A A o yael
s 9L i = rgel]
o] OV L) [ O
N Wi g cpL !
! ey ~ == PN"| [<
S Bl ==l o
L mmwg o -
gLy 22y == s oL [
gL fTSL of 0z
§L J e
5/ wm °




N
ong ] S
. ST o=th

AN d
ere”/

3na

3na

[ ;08¢

— )9'VE —

ppm).

68

1

A
e
{e0e |-
—=160
T rize
. e
. ) 7821
. y'8ZL

< yezLt
2 gL~
L _..om_%

[~ wmeQ

5

15

160

17,

= rovl
. ek
[o ———¥6°0 |_
- i

180

190

200




f1 (ppm)

£1 (ppm)

6'0
60
0'¢c
6°0
6'¢C

3o0a

9o

£1| (ppm)

wwwr2
'8¢l

YA
70cl

T
eeL

110

paloTad|

AR Z

8€el ]

I8l

rovt

69



5L
1G°L |
'L

Lzt
8L,
ze'L |
1L |
es'L
zs'L
€5,

£1 (ppm)

96 L
0LL

WL

A

£1 (ppm)

Y|
LL
L

zL L]

—oaNqNAaOo

JAYN ¥4
vw._.NV
ow.mm\

N

©

(o]

o
|

6°lCl

8'€Zl ;

AN )

70

G LGF

1 (gpm)

QNN:

o2t

1o

v8cty
L'621L

L6Ct

8'6¢l -+

SOoetf
gzeld

9¢CeL

0'vel

29gl

A
=
3

T g
o+

Qo N
<t v
-+




0gL
0€L
0e'L
LeL
LeL
cs’L
cs’L
€497,

LS~
0L°L~

L/ 7/

£1 (ppm)

N

f

f1 (ppm)

.

|
ﬂ
ey

I

L=y =

=83

N+~ oo

1

ro.ow
mm._.NW
¥9'1LC

wo.hw\

OTs

c€69 -

71

£1 (ppm)




|

£1 (ppm)

|J =8L1

i J
IL1

- mmm._
: S0z
MNN_N

781

1 (ppm)

L91T

”mwﬂ

T
30

Qo oz
63 37

+£26° Q¢

06°89 —

e LL -

fj1 (ppm)

2'e6l —

72



e,
€77
ez |
v
84T 1
6L
08'Z {
18'2 4
6TF |
(01504 1
ZEY |
0oL 4
102
LTt
6T L
[e}54
€2 _
€2 _
zeL 1
zEL 1
2eL
LEL 1
8€°L 1
6E°L
ov' L 4
L 1
Ty L
Ty L
AN
o2/
08~
98'L
882

o.P

3ua

m 5oz
87
7981
g
162 B
e -
zE L -
6€°L -
oL / .
)
L o . 6D
. - — Tygn
98 . M. - B ~ o)
og' - 80
g9z / 81

£1 (ppm)

8€°0T
oc 1/
669z

L9€9

66°66 4
€6'1TT
8P €T
ST'8TI
YE9TT |
60°62T 4
TE6TT
55621 1
SO'0€T |
8501 1
€L0ET |
LTET |
T e
14'9ET —
ho.hmﬂ\
16651

zsor1

PE€'99T —

3ua

£1 (ppm)

73



g . L2
= P
2
(@]
Ve - = 80 |-
L 1
L -
tAVA .
rAVA in
L] - I~
L] R.j ) )
iCL mN.h) - b o Fa
€L LELY _
SR HRA —= |- P
e eerqd—— OO0
€L 2EL H
er]ceL ﬁ B
eLfere
VL mvi
YL EVL e
v/ ‘mv.L yo'L |-
vi mw.—u.ﬁg —] WWW °
WL 0z "
yL 60
9L "

4

T
30

£1 (pop)

74



QP m
_— m L2
el (]
o= v'Le
© O = &._‘Nv
= %
ve! €] :
D R AA N g
"3 3EThy 3
A A% M
0L B :TAR ]
L L2 Y6CLY ]
L 7621
pil - T 2
<L) : E /
L] N \ w.om{
TL - w— LEEL -
L] : ©r9EH
AR 3 ) _.omj
iC’ L T e u.hm: 2
2L i r6ek] ]
o] o i6El g
€L . + yovlL
. . “ L1
gL | S9LY 0 e |
. € e
e/ 9L et e
9L —= %9 |.
9L 4870 [° g

75



10

76

£1 (ppm)

NI Q O ’
. ©
'L _— g | ]
Al o=n s
7 O ZLe
- o - — iﬁW . O \
= ———— .
izl Bl L8z / //4
Al
Al
W'e
: e
9T —=Fllr
. T e
92 \
19'C
e o.NN;
.,n.m E m.mN:
LT S el
e
Fe | 4 Oh\—.)
gzl |
= l= o6zl
;Né
, - 60€L
e 9ET ﬁ
.5 - togll
7 . vLEL ]
L 0¢ | oont
0L gapr
- YV rem
= J90°L [+
=196}
6670 |




'‘Bu

2
S P alF
0= °
)
A Jore |
€L/ ~ 1168 |,
Nelvd wg.\;
Ao =4 VAV IR & ]
WL -
)L
1L
L “
L e
.N.J -
N.: .
Nj ZLL 4
A |
02 L . - :
T T e
w lzzL .
€L L b o
o | 2T L —50 "
TNy T
€L N
ooy | SE°L T & ¢
“Nocr7 —k0v .-
e 8L T
1€°L ) ovs ) :
e & p e
Nove - 1=
% h/ 86/ / 0le S—— R
:\.J ) = e
e B ol
L wo.o
5L .

10

o
=]

6121

O+

o.wwj
cvel

[aW ol Al

1 (ppm)

J 3JCF

09z |
z'8zl
L8217
oLeL
geel )

——

[RIoA
v ocl |

¢'LEL
m.ov:

v ¢l

GgZst!

77



78

w
TN / — \m
_ it
o= Wwg—
o Vi Fe
— = yoLl
T9LL
79kL
yott
W = IWNPNE I 74|
)€zl
- p e d|
T4
ozl
69 . 19ZL] 4 S
0L cU0Ek ] N
0L S S Y-31
L V._‘mF;
L . o TLELY
ey oLy Ve -
e 0Ly — =gzl e JrEby
iCLA SL'L B GELA -
2 K-1Wi ‘ - _V9ELT —3
: s TLEL] 3
. Tl g
= 29k
e ‘L PR SZ91 -
€L eve] €l PR T 3
wLyvrL ze TPl
,.v.hu Sv'L o e | m
o fL9L- —Be0[- E—
VLA |
9L\ B _Ige0 [*




=3
7
O o
e
(@)
P
e
(©
= v
B
Oo=wn F=
/7
o
-
B
[[ad
=0’ ]
o
B
P
L2
P
L= .
~ 1
[~ w
Fe
B
2 Fo
- 2
e e
= -
- o
L2
° B
Fo e
~
= g
B
e

8yl —

1 (ppnf)

"
I

i

L

(al

Gl

Lo

190

e ——

T
200

79



Br

3Ga
0.

o= 8v Lz —
o] O L=

1971 — | Ho

Wz — 00 I

€Tt
~ o 8'€zl
Lyl
evel
8'gTl

F< [aVr-3- 21

£1 (ppm)

80

£1 (ppm)

J OCF )
8'6Z1
) o 90eky
o0el |

o zeerd

~ [=t

S<2ct
S Lpel ]
0°9¢l
I [
GLEL]

f1 (ppm)
6

160

170

Gyl

180

A
|
]
|
u
@ B0 O

D OO M @ v

o N N ™ i —

190

T
200




2z
aa/
vz
0L
L
L
L
L
L
L
L
L
1L
'L

clL

mr.h%

6z

— 70'¢
0'¢

£1 (ppm)

L
2L
L]
2L

Vil =
-y
VA
VA
9L,
vl
9z'L ]
rez ]

RN RN R

1 (ppm)

G9°L -

€vic
Ly'le

e

Ll

WY

P

m

0¢ccl

o'vcl

w [T

L9Ct |

[edleb-dl

il
SR

TIGF

h

et

1 (ppm|

hrA VA

6°8¢Cl

€6cl

AR WY

jral Y AN

L'0€ 4
zocl
L 0S| )

PO 00
M m
pilig

+

=
<
=

[remm

AT e

81



'Bu

” _ s
® “
o= °
(@]
¢ — 89'Q
Ye- 60'c 5
16670 =
00
g8l |~
) 60
VL (B
19°L

AAAR
g€zl |

pm)

[ woj
8'G¢l
h.wN:

1

c.cnf
G'6Cl

8°6¢C|
oL

goct

6°€El

7 Gl

V—&

0'oel |

€9¢l |
L'LEL ]

6°0tzL |

6'¢cSl !

82



(udd) 13
©c o o 2 9 9 9 °© o o o
©c o o o o o o o o & 2 § § ¢ B 8 8B 88 & 8
s 2 § 8 8 B 8 B 8 8§ = = 8 £ I £ 2 = B 2 §
TR S S S SO S U S SO S U S U S
°
I re
I
e
°
JE—
—=
0
o
[oi
- i L2
o
o
[es
0
[es
O/H.
FS o
s
r<
°
Fis
O 0
5 s
o
°
rs
(1]
— ~ [t
™ L2
<
O=w.
/
o m\
= 2
= ﬂ o
J e
AI. ]
Al

0.0

A

AV
L
iZ'L
ZL
“m.ﬁ
L

e L
YLy
L
L/
o2/

zzL
mm.n/
mN.L
LzL/
ze L
ee'L
6L
L
brL

m:\
Go'L

- - r-a A

f1 (ppm)

&
©

|
*
O+ r—-r oA

£1 (ppm)

83



av'lc —
m.N._.m/

12y

68°1v¢ ~

23
Z'

LT

-

——

3ab

o3
oAy

L2

N

<

€L

©
- - -

£1 | (ppm)

ety
) I—

LW T
T
N N NN N

@ M~

+~

140|

50

160

QLA

LC

Ley
'L
'L
'L
€L
€L
€L

——

€L
€L
€L
€L
VL
VL
VL
SL
SL
S/
Wi
G'LY
SLY
S,
QLA
SL

,m.hN

S,
9L
9L

Lo
b
M

f1 (ppm)

£1 (ppm)

84



LvL—
LG~

3ab

19°8C—

9o

£1 (ppm)

(e2}
N
—
_
——

=

|

|

TAVA
e L
e L
€L
€L
€L

Fl'e

£1 (ppm)

rc L
wv.ﬁ
.m.j
1G°/

VG /
ra—=

QLT
SLT
S
”m.hg
‘G LA
<MN )u

€G5°L7

29LN\
€9,

1 (ppm)

S

st
—

9/ F

97N

T

q

S ¢l o~

85



8vL’
He N
TR AN

%

~

60

sy

aT4:
rect
)8¢l
)6cCl
’6Cl
palsY AR

£1 (ppm)

y0EL
et
reel ]

oLL~
L/
om.h/
74 A\

3ad

—=| 90
—{toy

TT——866¢

80'¢c

=10l

0.0

£1 (ppm)

ce/
1L

k72N

”.@m;
5LEL
vl

160

T
170

ot
0S°L

LG'LA|
2SLT
Nm.n\
L9°LAN
L9°L7

£1 (ppm)

1901

L

86



& D :
]
LL'9— = kS . = S
s ol )=k
On\m\u - 7
7 v
oo 3 a 1
)¢°'S¢C ) ‘ s ol 868
;6'GC N
Wwee Lo
LEVS L'e-— —=60°c

melww»
AN
: :
70 60

i

~N N D
AN N w7
— T T
Lo
T T
0 50 50
(ppm]

87

£1 (ppm)

0

4 h.m_‘\
6L : :
E ) ~— 0L
3 0T
= 80y
—Ig60

ZbO ":K}
© o0 1O 1O
NSNS

7

7.5




0S8 L—

I

&~
) —

40

Toll

yeel

ppm)|

wxm:

1

y6C1]

(]
N
—

D
P

1130

D| G

130

. Ot © QP D

— Y| Y Y YT YT
—

<
DM MO O T

N

-
v

190

3af

1€°C\ mm.N
e C U0 ¢©
yiLL
oLz
A S
1L vN.L B
ze| LT — &y
T'L mN.L M% 1
] oLy =hogles
zi{eeL- =3
zolser- =T
£ @m.% = IF
e LeL \ .
ieL| 68°L o
1€ L~ ez |
.m.L Wm.m -

€L

88




: | T = & 5
LLe _ o=n :
e — Fi0e, Jd O
) IV :
. L
L T
=L x
i Jeoe [
L -
] Nh o
m A2
L €L
€L
B
T €L 3
A = E
L2l . Ef -
1 Q21 i €L -
821 1 ERNA
o | A Y ) e
21 — = vLloe &.N”
reet p— VLY OEL -
ryel | — = WL LEL
] -1 o Ler’ = &g
oes £ L] 9sL a%ﬁy
Dy = g 9g L | K="
o =g LS ) [~
— gr]Lse I I
— SL|s8Ly \ﬁ_ . 2
o . o _190'¢
Tl =
S YA | | wwwm ,,
AN i“%wf °
= og/ T oL [”

&9



6G°L—

£1 (ppm)

q
N
-
g

il

~ |~ MYV

;.N#
“w.m;
169
6°9
69
36°9
WL
L
€L
€L
€L
€L

€L ﬁ

€L
yL
yL
L
L
L
L
S°L -
S°L -
SL

oLL
ZhL
ve'L
se'L
se'L
9e’L
9€°L

o R S S —
—

3ah

LN

f1 (ppm)

00°¢

€1°€

S'L
S°L

Qe /
Jo LA

1G°L

N

4

= m L.

QLA

,m.%
5L

€G°L

K

90

£1 (ppm)




LG L —

66°GG —

€L0L
L'8LL
Yasd!
L'szh
9'8zL
0’6zt
£'6zk
90cL
veet]

L

£1 (ppm)

[

oot

o Lol

ol

6°/E1

609} —

160

90

61,
6°L |
0°Z,
02
0T
'z

a.N;
19°C
9T |
£e.l
'€
€€
0L
0L
2L
2L
€L
€L
WL
1S°L
SL
S'L
6L ]

co0’L
€0°L
8¢°L
6C'L
€€'L

ppm)

£1 (ppm)

7 7

L
L]
G L
iSL
1SL
1G°L |
A
9L/

e —

5L
€5,

A
sgL
00z]

1

91



09°0G -

6'Lct

Q=1

£1 (ppm)

OC

6CH

m.mNL
]

.co:
‘871

n NN — o

OCF

Goct 1

9'0€L
6'ccl |
¢ gl J

il

|

89¢l |
g6el |
S ovl

160

T
170

€T
1o
x4
T
9T
192
9]
TR

vy
0L
0L
iZ'L
2L
2L
2L
A
€L
A
VL
VL
L
VL
L
WL
WL
L
WL

TV

| L

V'L~

09°L

e L

-+

[N R N

f1 (ppm)

T %02

——=607C

0.0

£1 (ppm)

19°L
9L
L

.n.h\

9LL~
LLL]

oo o

92



0, o o
z : < oz -° ) :
N,N 3 = 30T, \
95°0Z ‘ 2] s Q
ge'Le/ E SRS ”.V.Ng o o
6L°Q2/ _ _ - L 9z — :
0= O~ 3 9z ©
| | = 9T .
Y ]
reers A//y - . @.L
i r mm.mi = yce <
i ’ 1gL'e
ol =[]
! Lo —rA
T 0 oz
9 G_.; 3 o m
6 LTk w.og
g€l ‘ — g9
rser , _ 89 e 3
o.wN: i ‘mmp .‘m.o | Je& om
s | ] 69, RS
C GO—.Q g - WQO
£824 o.L — 5
m”mmfw - E “N.L Nm.ﬁ "
wmmwﬁ T—F . €L Fm.L/ .F‘M
90cL | ! eL]eEL = e .
. e L VYL =%
0vEL :\.M ow.ﬁ M , o
Lol | 3 19744 52
: i S VA A f-of" = 0oL
coeh] e LY LSLY GEAS [ TR
0 0pL | ] E . _gder i E
8oVl E VA REES =S o
3 [~ WA RAEA Fo w'L L
Lyt : X = - L
2 s 3§7LY go'L/ __bol: >z
9L
] £9L/

93



seek

o b
ez 0z
ge'lg -

£89¢C
#0e [

T
30

CL’ 9SG,

@

¥6°€9

2101

GO

h_._.:

ﬁo.r;
m.if
a.FN;

v'ect

Tzt

o=

OCYAA

.mN:
‘6C1

621 |
‘6zl |
621 |

0

60

D MO © © W~ P
=}
@
—
(=

T
H

18°0 ] B
.w.oy c
"m.:
Wk
0z k __Jgee
no.N; HwN.m =
Ww'e S .
.v.L —92¢ |-
E.m; =SBl [
mm.N, —=Z}fzz =
ST | o1 |
AR — e [©
16T

'G'€
wm.m/

0¥ —iFoL ‘m>
.m.o/ M. E
a.L == bz oc
“oj

0]
0| 20t |

L vo.n// T w i
(A AN 2l

1L oLt/ N
zL]8TL

AV ISTAVAN| —=,¢ L8 "
iz 3 6C°L T

2L eYL b
CL 6Ly e | 901
AR A2 S  _——=TBl7 kK
wolsgr,  ——bdu |
N b __ Jere .
[.r\ - N“m )
S 0L

94



1 N
i T L2
ov'8l 4 i .o.: ©
R.om/ | T o]
mm._NV : 6.%
1rze /. ot | .
f £ = i9 _‘; 529 |-
el x4 3
. \\ =
o1 0¢ ] A o I
€0°GY - 3 Loy
] - 9T =TT S
1 2 “o.wﬁ — Wm.m
09'€9 - < =T
&S '8 m; MJ\ mm.m [
18°E | oz
: = 0
13 . WO.._) )
3 _ S wg A "
6666 — 3 ou 69 . u 0
6 wN: — “auo I ILWWWM-
vect = )6 ©g
: T .69
oot | = o] 659 /
V8ZL 691 659
L'6Z1 £ = wm.og 86°9 . B
A4 ——F [, TL|669 -
6zl W - vm.j o€ J . B
9°0¢! | : e e 0L —
L oct €Ly LY lu B
6eet | c e ees
vocl | i ey Kl W %.m ) ‘ ol
z'Lel ] - : N om.)/K e =
9°LEL ] ] CENTIR (R G S %07 |-
Z6ET el ‘Ld L m.m
vopL] 52 { e |-
svLL) M RN JWU e



o\
=
\ 7]

£1 (ppm)

-+
/

© © M

-
-

d

oW T RN ©

© O I
O <t [P P M

— v |
—=

S/LL —

6¢°1 4
6E'T 4
1
11
0T
£0°CT
90°T 4
L4 4 A
ST

79T 4
T9°T -
€9T
roz/
66'9 4
0L
90°L
g0°L
11°L
(4 i
6T°L
6T°L
6T°L
gL
0eL
1€°L
1€°L
TE L
16°L
15°L 4
1574 4
€5°L 4

65°L -

4.0

96



v€'81
G2'0c
Nm.oww
sele

T
30

66°9¢

2262 S

GG OGC

gl1°Gge

g1'8¢ )

66V

xocmx
99°€9

6lcl

vECh]
z’LeL

v.RL
€821

£1 (ppm)

vyascl

062k
1621
62l
L'62L]
9'0¢l
9°0€1 |

15

6°€Cl

[adilaYad]

LLEL ]
AN
8'8¢l |
Z6el
g ovl
vyrL )

——

T
AR
8L -
81 |
10T

02
6.;
1T,
1z

U

0
8

'€
0'€

£1 (ppm)

£1 (ppm)

-+
N

97



v8 vl
£2°0Z
£e'1z
98'9Z
ze'8z L
£9'8Z /
28°0¢

vLeel
Yr'€9,

6121 /

© YCvg

r'ect

—

'8¢l
¥'8cl

L'6Cl
L'6cl ]
¥'6¢Cl

LOEL |

L oct

£1 (ppm)

..CO.Q

gocl

AR
9'0€lL |
9'0€lL /
6eel

goet ]

O/t
v'6El
Sovil
001 —

[E——

532
051
10°C
zo'z
€0z
£bC
g5 k
86°C
1€ ;
06°€
L6'9 *
66'9
60°L
ors
|8 &4
€L
9T'L
LeL
Lzl
gzL |
6z'L
0€°L
1€°4
€2
ot L
otL
L
8SL
95 |
65°L
vo L -F
99 L -L
goL/

1"

< 1201 |

5 1867 |-
= Ferz [7

f1 {ppa)

98



v8l ; = ]
cA 3 . 28
cg _.N% £EV'e
692 — . 997
g | - . 4
@N.mL . I
69°€9 edd
5501 - g0t | |
o.w_.: Le 60 1 l||n|Jh Fuz
8Tl s N
v'ect ﬂ I Mww : . Hm_mm_
g'qzl =
z9zl ] _ :M.M |
. [“ FA N
MMM g Y SRt BT
'8zl g o
gz | °: mm =
062L : B ]
6zl h s
€62t = g BRy
90€El | N MM“A — bz
LOEL ] - |
oeel f MMM s e B
geet ) | S
G'Gel 1 KA .
coeL ] L €8 oy
Lgl ] ey = | 661
z6¢l | Mw.ﬁ { HM ; o I..U ¥rBel
: — '] ss¢ . J80y
ron | e =i
—_ |z &R AT L — q__?e
P08 4 .IA 2201
5 ol | 'eg0

99

£1




—

£1 (ppm)

Ml

150

160

0

“Ts

13

8l —

£eC—

'9'9 —

LN
rAVd
SL~
5L/

T U

8L L~
ozL”

LS L~
st

1 (ppm)

00°¢

*®0'€

={0)rd

66°1L

86°L

1 (ppm)
100




£58
iz

“Ts

13

13-4
58~

L
EO'LL v
SE'LL

B8z~
5208
1908
T
0gse -
1215~

0res —

40

200 190 B0 M0 (B0 IS0 140 130 20 N0 100 80 80 70

210

fl (ppm)

€2,
69
0°L
0°L
L
1L
L
L
L
VA
TL
TL
¢ L
€L
&L
€L
€L
€L

Ts

15

L

0.0

£1 (ppm)

Lys
€L
€L
€L
£L
€L
€L |
eL
WL
s

N oo~

f1 (ppm)

101



ge'le -

IHRAP

OEt
16

I

;.r\

= 80'E

il et

x4

£1 (ppm)

SLcCl

Osct

faxras a

€8ct
\

IoGF !

L'geL

AR
g6zl

00ttt
£Gel ;
'8¢l
o.mml

I

Sevl
vpGL )

L

Wwe—

Wwe

.G'€
.G'€

[

7.10

L20 7.15

60°€

g \Ig

2L

£1 (ppm)

£1 (ppm)

102




)
M =)
o
hd o
) L © L~
AR O +« -
NI 'S
wle — -
I k=
3 o
3 <
3 o
LD
(@)
3 )
+G9=
= o
I3
)8°9L 3
0 LL —+ = o
1L m e
4 e ~
3 = m
3 S 2
uW Y =
1 o
oty S [
-8t 4
KN:/ — |
ULel 3
-6l —_— 53
26211 — [~
w6zl £ 2
reeL — =
76El o
A ! 3 |
” E
1Z9l = —
£ o
3 =
[=)
P2
5 o
3 -2
3 =)
3 LS
3 N

L
L
“N.h/

60°L
LLL
AN S
gL/

8T L
62L

ve'L

9g°L

Go/

£1 (ppm)

—'70'L

AV
,m.%
'L

19°L

‘Mwm.m
—— 1
80°L

T 860

103



26°eL |
vE0Z |
sziz/
sy'Lz/

17

0.5
S

1587 —

cUvV9—

gL,

£1 (ppm)

104

9/21

VA A A

L LCF

S'8zh

gBCr
iy 1ol |

A ad

LEL £

‘8€1L
‘8€1L

D — (O ®

B 1

™~

A




