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1. General comments

Analytical thin layer chromatography (TLC) was performed using Silica Gel HSGF254 pre-coated plates. Flash
column chromatography was performed using 200 - 300 Mesh Silica Gel. Proton nuclear magnetic resonance (‘H-
NMR) spectra were recorded using Brucker Avance [IDMX 400MHz spectrometers. Chemical shift (3) is reported in
parts per million (ppm) downfield relative to tetramethylsilane (TMS, 0.00 ppm) or CDCl; (7.26 ppm). Coupling
constants (J) are reported in Hz. Multiplicities are reported using the following abbreviations: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad; Carbon-13 nuclear magnetic resonance (13C—NMR) spectra were recorded
using a Brucker Avance I DMX 400 spectrometer at 100 MHz. Chemical shift is reported in ppm relative to the
carbon resonance of CDCIl; (77.00 ppm). High resolution mass spectra (HRMS) were obtained by Center for
Instrumental Analysis of Zhejiang Sci-Tech University and a Waters TOFMS GCT Premier instrument for HRMS. The
results are reported as m/e (relative ratio). Accurate masses are reported for the molecular ion (M") or a suitable

fragment ion.
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2. Detailed optimization of reaction conditions

Table S1 Optimization of Reaction Conditions.®

N:N\ F
. N-Ms additive ©)\(H
+  Et,OBF; _—— X
solvent, temp
(j)N 40-50 min NHMs
1a, 1.0 equiv X equiv 8a
entry X Additive solvent temp (°C) yield (%)°
(equiv)
1 1.0 - DCE rt 44
2 1.0 -- DCE reflux 54
3 0.5 -- DCE reflux 52
4 15 -- DCE reflux 59
5 2.0 -- DCE reflux 55
6 15 -- CHCl; reflux 36
7 15 -- DCM reflux 47
8 1.5 - toluene 90 20
9 15 -- dioxane 90 0
10 15 - TCE 90 46
1 15 H,0 (1.0) DCE reflux 28
12 1.5 TsOH (1.0) DCE reflux 0
13 15 NH,CI (1.0) DCE reflux 49
14° 15 - DCE reflux 68
15%¢ 15 AcOH (1.0) DCE reflux 51
16%¢ 1.5 TFA (1.0) DCE reflux 68
17°%¢ 15 TsOH (1.0) DCE reflux 60
18%¢ 1.5 TfOH (1.0) DCE reflux 0
19° 15 PhB(OH), (0.5) DCE reflux 71
20° 1.5 HBF, (1.0) DCE reflux 20
21¢ 1.5 pyridine-HF (1.0) DCE reflux 0
22° 1.5 TsONa (1.0) DCE reflux 0
23° 15 PhsP (1.0) DCE reflux 20
24° 1.5 Ph,S (1.0) DCE reflux 45
25° 15 TBAF-3H,0 (1.0) DCE reflux 51
26° 1.5 TBAF-3H,0 (0.3) DCE reflux 70
27° 15 TBAF-3H,0 (0.2) DCE reflux 80(71°)
28° 1.5 TBAF-3H,0 (0.1) DCE reflux 75
29 15 TBAF-3H,0 (0.2) DCE reflux 78
30' 1.5 TBAF-3H,0 (0.2) DCE reflux --(70°

2 General reaction conditions: 1a (44.6 mg, 0.2 mmol), Et,0-BF,, additive, solvent (2.0-2.5 mL), N, atmosphere. "
Determined by *H NMR with 1,3,5-trimethoxylbenzene as the internal standard. ¢ Isolated yield. ¢ 4 A molecular sieve
was added. ¢ The additive was added after disappearance of 1a. " The reaction was carried out in 1.0 mmol scale. Ms =
methylsulfonyl, Ts = tosyl, AcO = acetate, TFA = trifluoroacetic acid, TfOH = triflic acid, TBAF =
tetrabutylammonium fluoride, DCE = 1,2-dichloroethane, DCM = dichloromethane, TCE = 1,1,2-trichloroethane.

Detailed optimization of reaction conditions was displayed above in Table S1. Elevating the temperature from rt to
reflux promoted the yield of 8a to 54% in the presence of 1.0 equiv Et,0-BF; in DCE (entries 1-2); dosage of
Et,O0-BF; influenced the yield of the product slightly (entries 3-5) and 1.5 equiv should be the best (59%, entry 4).

DCE was proved to be the most efficient solvent (entries 6-10). Several hydrogen sources were added to the reaction to
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promote the formation of the desired product, however, giving no positive results (entries 11-13). Interestingly, 4 A
molecular sieves could improve the yield to 68% (entry 14). Accordingly, many other additives were tested along with
the addition of 4 A molecular sieves; for instance, most of protonic acids tested in this work displayed negative effect
(entries 15-18) except for PhB(OH), which led to the formation of 8a in a slightly increased yield (71%, entry 19);
however, no further improvement was achieved by using other boronic acids. HBF, and pyridine-HF were introduced
to the reactions respectively attempting to provide both fluorine and hydrogen, but very poor yields were obtained
(entries 20-21). According to Sander and co-workers, migration of F from boron to diazo-linked carbon was reversible
(Costa, P.; Mieres-Perez, J.; Ozkan, N.; Sander, W. Angew. Chem., Int. Ed. 2017, 56, 1760.), and in hence, Lewis bases were
utilized in the purpose of coordinating with the newly formed -BF, group to stop F migrating back to boron (entries
22-28). Fortunately, 0.2 equiv of TBAF-3H,0 could increase the yield of the desired product to 80% (71% isolated
yield, entry 27). Surprisingly, in the presence of TBAF-3H,0, 4 A molecular sieves was not necessary (78%, entry 29)
and furthermore, when the reaction was carried in a larger scale (1.0 mmol), the yield of 8a was also reserved (70%
isolated yield, entry 30). Eventually, conditions of entry 30 were selected as the optimal conditions utilized in further

examination of substrate scope.

3 Evaluation of other 1-sulfonyl-1,2,3-triazoles

Several other triazoles were also tested under the standard conditions, and the results were summarized in the
following Table S2.
Table S2 Evaluation of other 1-sulfonyl-1,2,3-triazoles.?

GoN TBAF-3H,0 F\ y
N I N-SO,R? + Et,OBF, E()%ZE,G::;":))( . R o
1, 1.0 mmol 1.5mmol  40-50 min 8
entry 1 R R 8 yield (%)° note

1 1z Ph p-MeOC¢H,4 8z 0 decomposed
2 laa p-MeO-CgH,4 Me 8aa 0 decomposed
3 lab p-O,N-CgH, Me 8ab 0 decomposed
4 lac p-F3C-CgH,4 Me 8ac trace decomposed
5 lad 0-NC-CgH, Me 8ad 8
6° lae nBu p-MeCgH,4 8ae 0 decomposed

The reactions were carried out under standard conditions in 1.0 mmol scale. ” Isolated yield. ® The reaction time was 4
h.

Alkoxy group was not compatible at all in the reaction. When 1z and laa was treated under standard
conditions, no desired products were monitored or isolated and the starting materials were decomposed very fast
(entries 1-2).

For strong electron-withdrawing groups, a complicated mixture was obtained when p-NO, substituted lab
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was used (entry 3). Trace amount of p-CF; substituted 8ac was detected from the *H NMR of the reaction
mixture (entry 4), and o-cyano 8ad was isolated in only 8% yield after twice flash column chromatograph and
then recrystallization (entry 5).

Triazole lae was not reactive under the standard conditions as 4-aryl triazoles, and after 4 h, it was
decomposed without any desired 8ae generated (entry 6).

4. Synthetic procedures and spectra data of 1-sulfonyl-1,2,3-triazoles

4.1 General procedures for preparation of S5

pZ
S R —_—
DCM, 0 °C-rt Br THF, -78 °C-rt
S1

s2 S5
Pd(PPhs),Cl, T™S
Br = =
R =—TMS . ~ K2CO, ] =
—_— — > R
Cul EGN,50°C,N, MeOH, rt
s3 s5

S4

4.1.1 Synthesis of polysubstituted (2,2-dibromovinyl)benzenes (S2) "
General Procedure: To a solution of S1 (10 mmol) and CBry4 (6.63 g, 20 mmol) in CH,Cl, (10 mL) was added the
solution of PPh; (10.48 g, 40 mmol) in CH,Cl, (10 mL) via cannula at 0 °C. After stirring for 30 min, the solvent was

removed under reduced pressure. The residue was purified by flash column chromatography on silica gel (PE) to

afford S2.

4.1.2 Synthesis of polysubstituted trimethyl(phenylethynyl)silane (S4) "

General Procedure: Under a nitrogen atmosphere, to a triethylamine solution (20 mL) of Pd(PPh;),Cl, (213 mg, 0.3
mmol) and Cul (190 mg, 1.0 mmol) was added S3 (10.0 mmol) and stirred for 10 min, then trimethylsilylacetylene
(1.80 mL, 12.0 mmol) was added dropwise over 30 min. The resulting suspension was allowed to be stirred for 4.0 h at
50 °C. After completion of the reaction, the mixture was filtered through a short celite bed and concentrated under

reduced pressure. The residue was purified by flash column chromatography on silica gel (PE) to afford compound S4.
4.1.3 Synthesis of polysubstituted-ethynylbenzene (S5)""!
General Procedure 1: To a solution of S2 (10 mmol) in THF (10 mL) #-BuLi (20 mmol, 8.3 mL, 2.4 M in hexane)

was added dropwise at —78 °C. After stirring for 4.0 h, MeOH (8 mL) was added and the mixture was stirred for an

additional 1.0 h, then the reaction was quenched with saturated aqueous NH4Cl solution at 0 °C, and the aqueous phase
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was extracted with Et;O. The combined organic extracts were dried over Na,SO,, filtered, and concentrated under

reduced pressure. The residue was purified by flash column chromatography on silica gel (PE) to afford S5.

General Procedure 2: To polysubstituted-trimethyl(phenylethynyl)silane S4 (5 mmol) a solution of K,COj3 (0.276 g, 2
mmol) in 10 mL MeOH was added and the mixture was stirred at room temperature, until TLC analysis showed that
S4 was completely consumed. The reaction mixture was filtered through a short plug of silica gel. The filtration was

concentrated and then purified by flash chromatography to give the corresponding product S5.

4.2 Synthesis of S5’

CHy? CHy?

0. TF,0, Pyridine ’ Pd(PPhs)Cl, TMS—=
: ' f
v Et;N, DMF, 90 °C
Oe H DCM Oe H 3
HO O
s6 s7

T™MS

4.2.1 Synthesis of S7

To a solution of S6 (2.7 g, 10.0 mmol) and pyridine (1.62 mL, 20.0 mmol) in 20 mL dry DCM was added Tf,0 (2.0
mL, 12.0 mmol) dropwise at 0 °C. After that, the mixture was warmed to rt, and stirred overnight. The mixture was
then quenched with HCI (10%) and extracted with CH,Cl,, washed with saturated NaHCO; and saturated brine. The
organic layer was dried over anhydrous Na,SO, and filtered. The filtrate was concentrated under reduced pressure, and

the crude product was purified by flash column chromatography on silica gel to give the corresponding product S7.

4.2.2 Synthesis of S8 !

A mixture of S7 (1.61 g, 4.0 mmol), ethynyltrimethylsilane (0.79 mL, 5.6 mmol), triethylamine (3.0 mL), and
Pd(PPh;),Cl; (84 mg, 0.12 mmol) in 15 mL DMF was stirred at 90 °C for 4 h under nitrogen. The reaction mixture was
then diluted with water, extracted with 1:1 petroleum ether/ether, washed with water until neutral, and dried (Na,SO,),
after filtration the filtrate was evaporated. Chromatography of the residue on silica gel provided the corresponding

product S8.

4.2.3 Synthesis of S5’

To S8 (1.16 g, 3.3 mmol) a solution of K,CO; (0.52 g, 4.95 mmol) in 10 mL MeOH was added and the mixture was
stirred at room temperature, until TLC analysis showed that S4 was completely consumed. The reaction mixture was

filtered through a short plug of silica gel. The filtration was concentrated and then purified by flash chromatography to
give the corresponding product S5’ (726.5 mg, overall 54% yield from S6).

4.3 General procedure for synthesis of 1-sulfonyl-1,2,3-triazoles
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o
o ©/ . N37§7R2 CuTc, (10 mol %) o <©)\/\N'(S,S//‘R2
& toluene, Ny, 0 °C-rt ;
S5

Under a nitrogen atmosphere, dry toluenewas added to a flask charged with copper (I) thiophene-2-carboxylate (CuTC,
0.1 equiv in regards to alkyne) and the alkyne (1 equiv, 0.33 M). The reaction mixture was cooled in an ice-water bath.
Subsequently, the sulfonyl azide (1.2 equiv) was added slowly as the limiting reagent to avoid a run-away exotherm,
and the reaction mixture was allowed to warm to room temperature and stirred until TLC analysis showed that alkyne
was completely consumed. The reaction mixture filtered through a short plug of silica gel. The filtrate was
concentrated and then purified by flash chromatography with PE/EtOAc (3:1) as eluent to give the corresponding
product 1.

1a-e and 1ae were reported in ref 4, 1f, 1k, 1m and 1r were reported in ref 5, 1g was reported in ref 6, 1i was reported
in ref 7, 11 and 1z was reported in ref 8, 10 and 1s were reported in ref 9, 1t was reported in ref 10, and 1x was reported

in ref 11, 1aa-ac were reported in ref 12.

The corresponding alkynes of 1h, 1v and 1w were synthesized through S4 from S3, and the corresponding alkynes of
1j, In, 1p, 1q and 1u were synthesized through S2 from S1, 1y was prepared from S5°.

4-(3,5-dimethylphenyl)-1-(methylsulfonyl)-1H-1,2,3-triazole (1h): white solid, yield: 80%, m.p.: 89-91 °C; '"H NMR
(400 MHz, CDCls) & 8.30 (s, 1H), 7.49 (s, 2H), 7.06 (s, 1H), 3.58 (s, 3H), 2.39 (s, 6H). °C NMR (100 MHz, CDCl;) &
147.7,138.7,131.0, 128.4, 123.9, 118.9, 42.7, 21.3. HRMS (ESI) calcd for C;;H,4N;0,S" 252.0801, found 252.0804.

N=N

~ N-Ms
CN

1j
2-(2-(1-(methylsulfonyl)-1H-1,2,3-triazol-4-yl)phenyl)acetonitrile (1j): white solid, yield: 83%, m.p.: 135-137 °C;
'H NMR (400 MHz, CDCls) & 8.32 (s, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.57 — 7.43 (m, 3H), 4.19 (s, 2H), 3.63 (s, 3H).
PC NMR (100 MHz, CDCls) & 146.4, 130.2, 130.1, 129.9, 128.83, 128.76, 127.6, 121.5, 117.8, 42.8, 22.9. HRMS
(ESI) calcd for C;;H;;N40,S" 263.0597, found 263.0602.

N=N,
~_ N—Ms

Br n
4-(3-bromophenyl)-1-(methylsulfonyl)-1H-1,2,3-triazole (1n): white solid, yield: 68%, m.p.: 102-104 °C; 'H NMR

(400 MHz, CDCl;) 6 8.35 (s, 1H), 8.01 (s, 1H), 7.77 (d, J= 7.7 Hz, 1H), 7.54 — 7.50 (m, 1H), 7.32 (t, /= 7.9 Hz, 1H),
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3.60 (s, 3H). °C NMR (100 MHz, CDCl3) & 146.0, 132.2, 130.64, 130.59, 129.1, 124.7, 123.1, 119.6, 42.8. HRMS
(ESI) caled for CoHoBrN;0,S* 301.9593, found 301.9609.

N=N

C|\©\/§/N—Ms
Br

1p
4-(2-bromo-5-chlorophenyl)-1-(methylsulfonyl)-1H-1,2,3-triazole (1p): white solid, yield: 27%, m.p.: 115-117 °C;
'H NMR (400 MHz, CDCl;) & 8.83 (s, 1H), 8.20 — 8.12 (m, 1H), 7.66 — 7.61 (m, 1H), 7.30 — 7.23 (m, 1H), 3.63 (s,
3H). >C NMR (100 MHz, CDCls) & 143.9, 134.9, 134.1, 130.8, 130.5, 130.3, 122.5, 119.1, 42.8. HRMS (ES]I) calcd
for CoHgBrCIN;0,S" 335.9204, found 335.9207.
i N\:N‘N—Ms
1q

4-(2-bromo-4-fluorophenyl)-1-(methylsulfonyl)-1H-1,2,3-triazole (1q): white solid, yield: 30%, m.p.: 101-103 °C;
'H NMR (400 MHz, CDCls) & 8.75 (s, 1H), 8.13 (dd, J = 8.8, 6.0 Hz, 1H), 7.46 (dd, J = 8.2, 2.6 Hz, 1H), 7.21 (td, J =
8.8, 8.2, 2.6 Hz, 1H), 3.63 (s, 3H). °C NMR (100 MHz, CDCls) & 162.4 (d, J = 254.3 Hz), 144.3, 132.1 (d, J = 8.7
Hz), 125.9 (d, J = 3.6 Hz), 122.0, 121.7 (d, J = 9.5 Hz), 121.0 (d, J = 24.8 Hz), 115.4 (d, J = 21.3 Hz), 42.8. HRMS
(ESI) caled for CoHgBrFN;0,S " 319.9499, found 319.9505.

1u

methyl (E)-3-(2-(1-(methylsulfonyl)-1H-1,2,3-triazol-4-yl)phenyl)acrylate (1u): white solid, yield: 67%, m.p.: 114-
116 °C; "H NMR (400 MHz, CDCl;) 5 8.19 (s, 1H), 7.98 (d, J = 16.0 Hz, 1H), 7.78 (d, J=7.1 Hz, 1H), 7.72 (d, J="7.1
Hz, 1H), 7.55 — 7.45 (m, 2H), 6.48 (d, J = 16.0 Hz, 1H), 3.83 (s, 3H), 3.65 (s, 3H). >C NMR (100 MHz, CDCl;) &
167.0, 145.6, 142.5, 133.3, 130.2, 130.0, 129.6, 128.6, 127.4, 122.1, 120.9, 51.9, 42.8. HRMS (ESI) calcd for
C13H14,N30,48" 308.0700, found 308.0706.

N=N

v
1-(methylsulfonyl)-4-(2-styrylphenyl)-1H-1,2,3-triazole (1v): yellow oil, yield: 60%; 'H NMR (400 MHz, CDCl;) &
8.34 8.20 (1H), 8.12 - 8.10 7.78 — 7.73 (2H), 7.53 — 7.35 (m, 6H), 7.32 — 7.30 (m, 1H), 7.19 — 7.08 6.73 — 6.72 (2H),
3.59 3.53 (3H). °C NMR (100 MHz, CDCl3) & 146.5, 137.1, 136.5, 131.9, 129.7, 129.6, 128.8, 128.1, 127.9, 127.2,
126.9, 126.8, 126.5, 121.8, 42.7. HRMS (ESI) calcd for C;7H ¢N30,S"326.0958, found 326.0960.

Ms
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1-(methylsulfonyl)-4-(naphthalen-1-yl)-1H-1,2,3-triazole (1w): white solid, yield: 46%, m.p.: 116-118 °C; '"H NMR
(400 MHz, CDCl;) & 8.40 (s, 1H), 8.30 — 8.23 (m, 1H), 8.00 — 7.89 (m, 2H), 7.78 (d, J = 7.0 Hz, 1H), 7.60 — 7.55 (m,
3H), 3.67 (s, 3H). C NMR (100 MHz, CDCl;) & 146.6, 133.8, 130.9, 130.0, 128.7, 127.9, 127.2, 126.4, 126.0, 125.3,
124.8,121.9, 42.8. HRMS (ESI) calcd for C3H5N;0,S7274.0645, found 274.0651.

Meo

(8R,9S,138S,14S)-13-methyl-3-(1-(methylsulfonyl)-1H-1,2,3-triazol-4-y1)-6,7,8,9,11,12,13,14,15,16-decahydro-
17H-cyclopenta[a]phenanthren-17-one (1y): yellow solid, yield: 53%, m.p.: 155-157 °C; '"H NMR (400 MHz,
CDCly) 6 8.30 (s, 1H), 7.67 (s, 1H), 7.63 (d, J= 8.1 Hz, 1H), 7.41 (d, J= 8.1 Hz, 1H), 3.59 (s, 3H), 3.01 (dd, /= 10.1,
4.6 Hz, 2H), 2.62 — 2.43 (m, 2H), 2.42 — 2.26 (m, 1H), 2.24 — 1.91 (m, 4H), 1.73 — 1.39 (m, 6H), 0.95 (s, 3H). °C
NMR (100 MHz, CDCl3) 6 220.8, 147.5, 141.2, 137.4, 126.7, 126.14, 126.06, 123.5, 118.6, 50.5, 48.0, 44.5, 42.7,
38.0, 35.9, 31.6, 29.4, 26.4, 25.7, 21.6, 13.9. HRMS (ESI) calcd for C,;H,¢N305S" 400.1689, found 400.1698.

CN
1ad

2-(1-(methylsulfonyl)-1H-1,2,3-triazol-4-yl)benzonitrile (1ad): yellow oil, yiled: 80%; '"H NMR (400 MHz, DMSO-
d6) 6 9.21 (s, 1H), 8.11 (d, /= 7.8 Hz, 1H), 8.01 (d, /= 7.8 Hz, 1H), 7.86 (t, /= 7.7 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H),
3.98 (s, 3H). °C NMR (100 MHz, DMSO-d6) & 143.7, 134.9, 134.3, 131.9, 130.1, 129.4, 123.9, 118.6, 109.4, 42.9.
HRMS (ESI) calcd for C10HoN,0,S " 249.0441, found 249.0443.

5. Reaction scope

Procedure for the preparation of 8

n=N F

\

- 2 TBAF-3H,0 (0.2 equi
NTSOR? | ELOBF 20 (0.2 equiv) 1 A H
R 3 DCE, reflux R ’
40-50 min NHSO.R

1, 1.0 mmol 1.5 mmol 8

General procedure: Under a nitrogen atmosphere, a solution of Et,0-BF;3(0.19 mL, 1.5 mmol) in DCE (4.0 mL) was
added to a reaction flask charged with TBAF:3H,0 (50.5 mg, 0.2 mmol) and a stirring bar, and then the solution of 1-
sulfonyl-1,2,3-triazoles (1, 1.0 mmol) in DCE (4.0 mL) was added. The reaction mixture was stirred at reflux for 40-50
min, then was cooled to room temperature and filtered through a short plug of silica gel. The filtrate was concentrated
and the residue was purified by flash chromatography with PE/EtOAc (4:1) as eluent to give the corresponding product
8.
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F

N H
NHMs
8a
(E)-N-(2-fluoro-2-phenylvinyl)methanesulfonamide (8a): yellow oil, 149.0 mg, yield: 70%; 'H NMR (400 MHz,
CDCly) 6 7.46 — 7.33 (m, 5H), 6.59 (d, /= 10.7 Hz, 1H), 6.47 (dd, J = 25.4, 10.7 Hz, 1H), 3.13 (s, 3H). BC NMR (100
MHz, CDCl;) § 147.1 (d, J = 240.7 Hz), 130.2 (d, J = 24.8 Hz), 128.72 (d, J = 2.0 Hz), 128.65, 122.8 (d, J = 6.7 Hz),
104.0 (d, J= 13.9 Hz), 41.1. HRMS (ESI) calcd for CoH;;FNO,S" 216.0489, found 216.0497.

F

XN H

HN> s°
w © N
(E)-N-(2-fluoro-2-phenylvinyl)propane-1-sulfonamide (8b): yellow oil, 166.2 mg, yield: 68%; 'H NMR (400 MHz,
CDCl;) 6 7.44 (d, J = 7.7 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.32 (d, /= 7.1 Hz, 1H), 7.02 (d, J = 10.2 Hz, 1H), 6.49
(dd, J = 26.3, 10.2 Hz, 1H), 3.19 (t, J = 7.5 Hz, 2H), 1.97 — 1.87 (m, 2H), 1.09 (t, J = 7.5 Hz, 3H). °C NMR (100
MHz, CDCl;) & 146.5 (d, J = 240.0 Hz), 130.4 (d, J = 24.7 Hz), 128.7, 128.4, 122.7 (d, J = 6.6 Hz), 104.5 (d, /= 13.6
Hz), 55.5, 17.3, 12.9. HRMS (ESI) calcd for C;;H;sFNO,S" 244.0802, found 244.0809.
F
o
NHTs
8c

(E)-N-(2-fluoro-2-phenylvinyl)-4-methylbenzenesulfonamide (8c): yellow oil, 168.0 mg, yield: 58%; 'H NMR (400
MHz, CDCl3) 6 7.78 (d, J= 8.3 Hz, 2H), 7.37 — 7.25 (m, 7H), 6.70 (d, /= 9.4 Hz, 1H), 6.45 (dd, J = 25.7, 9.4 Hz, 1H),
2.41 (s, 3H). C NMR (100 MHz, CDCl3) & 147.1 (d, J = 240.5 Hz), 144.2, 136.7, 130.3 (d, J = 24.8 Hz), 130.0, 128.6
(d, J=1.8 Hz), 128.5, 126.8, 122.8 (d, J = 6.6 Hz), 104.2 (d, J = 13.9 Hz), 21.6. HRMS (ESI) calcd for C;sH;sFNO,S"

292.0802, found 292.0791.
F

N H
NHBs
8d
(E)-4-bromo-N-(2-fluoro-2-phenylvinyl)benzenesulfonamide (8d): yellow solid, 243.4 mg, yield: 69%, m.p.: 94-
96 °C; "H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.6 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H), 7.39 — 7.27 (m, 5H), 6.81 (d, J
=10.6 Hz, 1H), 6.43 (dd, J = 25.6, 10.6 Hz, 1H). °C NMR (100 MHz, CDCl;) 5 147.6 (d, J = 241.7 Hz), 138.6, 132.7,

130.0 (d, J=24.6 Hz), 128.8, 128.7, 128.4, 128.3, 122.9 (d, J= 6.5 Hz), 103.6 (d, J = 14.0 Hz). HRMS (ESI) calcd for
C4sH,BrFNO,S" 355.9751, found 355.9763.
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(E)-N-(2-fluoro-2-phenylvinyl)naphthalene-2-sulfonamide (8¢): yellow oil, 157.0 mg, yield: 48%; 'H NMR (400
MHz, CDCl;) 6 8.51 (s, 1H), 7.98 (d, J = 8.0 Hz, 2H), 7.90 (t, J = 8.0 Hz, 2H), 7.68 — 7.60 (m, 2H), 7.42 — 7.28 (m,
5H), 6.94 (d, J = 10.4 Hz, 1H), 6.55 (dd, J = 25.7, 10.4 Hz, 1H). °C NMR (100 MHz, CDCl3) & 147.2 (d, J = 240.7
Hz), 136.5, 135.0, 132.1, 130.3, 129.8, 129.4, 129.1, 128.6 (d, J = 1.8 Hz), 128.5, 128.3 (d, J = 4.2 Hz), 128.0, 127.7,
122.8 (d, J= 6.6 Hz), 121.8, 104.1 (d, J = 14.1 Hz). HRMS (ESI) calcd for C,sH;sFNO,S" 328.0802, found 328.0811.
F
Jops
NHMs

8f
(E)-N-(2-fluoro-2-(p-tolyl)vinyl)methanesulfonamide (8f): yellow oil, 140.1 mg, yield: 62%; 'H NMR (400 MHz,
CDCl3) 6 7.33 (d, J=8.1 Hz, 2H), 7.19 (d, /= 8.1 Hz, 2H), 6.67 (d, /= 10.4 Hz, 1H), 6.40 (dd, J=25.9, 10.4 Hz, 1H),
3.11 (s, 3H), 2.38 (s, 3H). °C NMR (100 MHz, CDCl;) § 147.5 (d, J = 241.9 Hz), 138.7, 129.4, 127.4 (d, J = 25.8 Hz),
122.9 (d, J = 6.5 Hz), 103.2 (d, J = 14.2 Hz), 40.9, 21.3. HRMS (ESI) calcd for C,,H;;FNNaO,S" 252.0465, found
252.0480.

NHMs

&
/ m
T

(E)-N-(2-(4-(tert-butyl)phenyl)-2-fluorovinyl)methanesulfonamide (8g): yellow oil, 145.4 mg yield: 54%; 'H NMR
(400 MHz, CDCl;) & 7.44 — 7.36 (m, 4H), 6.82 (d, J = 10.3 Hz, 1H), 6.43 (dd, J = 26.0, 10.3 Hz, 1H), 3.13 (s, 3H),
1.34 (s, 9H). °C NMR (100 MHz, CDCl;) & 152.0, 147.5 (d, J = 240.9 Hz), 127.3 (d, /= 24.9 Hz), 125. 7 (d, J= 1.8
Hz), 122.7 (d, J= 6.5 Hz), 103.3 (d, J = 14.1 Hz), 40.9, 34.7, 31.2. HRMS (ESI) calcd for C,3H;sFNNaO,S " 294.0934,
found 294.0933.

NHMs

I

(E)-N-(2-(3,5-dimethylphenyl)-2-fluorovinyl)methanesulfonamide (8h): yellow oil, 134.0 mg, yield: 55%; 'H NMR
(400 MHz, CDCl3) & 7.07 (s, 2H), 7.02 — 6.92 (m, 2H), 6.45 (dd, J = 26.2, 9.4 Hz, 1H), 3.13 (s, 3H), 2.33 (s, 6H). °C
NMR (100 MHz, CDCls) 6 147.4 (d, J = 241.6 Hz), 138.3, 130.4, 130.1 (d, J = 24.4 Hz), 120.7 (d, J = 6.5 Hz), 103.7
(d, J=14.1 Hz), 40.9, 21.3. HRMS (ESI) calcd for C,;H,sFNNa0,S" 266.0621, found 266.0617.

(E)-N-(2-(2-(bromomethyl)phenyl)-2-fluorovinyl)methanesulfonamide (8i): yellow oil, 177.6 mg, yield: 59%; 'H
NMR (400 MHz, CDCl;) 6 7.48 — 7.30 (m, 4H), 7.18 (d, J = 10.6 Hz, 1H), 6.37 (dd, J = 25.5, 10.6 Hz, 1H), 4.62 (s,
2H), 3.17 (s, 3H). >C NMR (100 MHz, CDCl;) § 146.1 (d, J = 244.2 Hz), 135.5, 131.4, 130.1, 129.8 (d, J = 22.4 Hz),
129.0, 128.9, 108.0 (d, J = 14.4 Hz), 41.3, 31.8. HRMS (ESI) calcd for C,,H;;BrFNNa0,S" 329.9570, found 329.9576.
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NHMs
CN
8j
(E)-N-(2-(2-(cyanomethyl)phenyl)-2-fluorovinyl)methanesulfonamide (8j): yellow oil, 139.8 mg, yield: 55%; 'H
NMR (400 MHz, CDCl3) 8 7.48 — 7.39 (m, 2H), 7.38 — 7.32 (m, 2H), 7.24 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 25.7,
10.7 Hz, 1H), 3.83 (s, 2H), 3.14 (s, 3H). ’C NMR (100 MHz, CDCl;) § 145.9 (d, J = 243.5 Hz), 130.4, 129.8, 129.6
(d, J=22.5Hz), 129.0 (d, J = 4.9 Hz), 128.6, 128.5, 117.5, 108.4 (d, J = 14.1 Hz), 41.3, 22.5. HRMS (ESI) calcd for
C11H1,FN,0,S7255.0598, found 255.0600.
F
jogs
e NHMs
8k
(E)-N-(2-fluoro-2-(4-fluorophenyl)vinyl)methanesulfonamide (8k): yellow oil, 153.7 mg, yield: 66%; 'H NMR
(400 MHz, CDCl3) 8 7.41 (dd, J = 8.8, 5.2 Hz, 2H), 7.07 (t, J = 8.8 Hz, 2H), 6.89 (d, J = 8.9 Hz, 1H), 6.41 (dd, J =
26.0, 8.9 Hz, 1H), 3.14 (s, 3H). °C NMR (100 MHz, CDCl;) & 162.8 (d, J = 249.0 Hz), 146.4 (d, J = 240.6 Hz), 126.4
(dd, J = 25.7, 3.5 Hz), 124.9 (dd, J = 8.1, 6.6 Hz), 115.9 (dd, J = 22.1, 1.7 Hz), 103.8 (dd, J = 14.1, 1.7 Hz), 41.1.

HRMS (ESI) calcd for CoH,(F,NO,S" 234.0395, found 234.0396.

F

-

NHM
cl S
8l

(E)-N-(2-(4-chlorophenyl)-2-fluorovinyl)methanesulfonamide (81): yellow oil, 168.6 mg, yield: 68%; 'H NMR (400
MHz, CDCl3) & 7.41 — 7.30 (m, 4H), 6.97 (d, J = 10.1 Hz, 1H), 6.47 (dd, J = 26.0, 10.1 Hz, 1H), 3.14 (s, 3H). °C
NMR (100 MHz, CDCl;) 6 146.0 (d, J = 240.1 Hz), 134.4, 129.0, 128.7 (d, J = 25.6 Hz), 124.1 (d, J = 6.4 Hz), 104.5
(d, J=14.0 Hz), 41.23. HRMS (ESI) calcd for CoH,(CIFNO,S " 250.0099, found 250.0127.

F

N H

NHMs
Br

8m

(E)-N-(2-(4-bromophenyl)-2-fluorovinyl)methanesulfonamide (8m): yellow oil, 217.0 mg, yield: 74%; 'H NMR
(400 MHz, CDCl;) 6 7.49 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 10.4 Hz 1H), 6.50 (dd, J = 26.1,
10.4 Hz, 1H), 3.14 (s, 3H). >C NMR (100 MHz, CDCl;) § 145.9 (d, J = 240.0 Hz), 131.9, 129.4, 124.3 (d, J = 6.2 Hz),
122.4, 104.7 (d, J = 13.6 Hz), 41.3. HRMS (ESI) calcd for CoH,(BrFNO,S" 293.9594, found 293.9592.

F

M

NHMs
Br 8n

(E)-N-(2-(3-bromophenyl)-2-fluorovinyl)methanesulfonamide (8n): yellow oil, 226.1 mg, yield: 77%; 'H NMR
(400 MHz, CDCl3) 6 7.56 (s, 1H), 7.42 (d, /= 7.8 Hz, 1H), 7.34 (d, /= 7.8 Hz, 1H), 7.26 — 7.18 (m, 2H), 6.51 (dd, J =
26.1, 10.7 Hz, 1H), 3.16 (s, 3H). °C NMR (100 MHz, CDCl3) & 145.2 (d, J = 240.4 Hz), 132.3 (d, J = 24.8 Hz), 131 .4,
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130.3 (d, J= 2.1 Hz), 125.7 (d, J = 7.0 Hz), 122.9 (d, J= 2.1 Hz), 121.2 (d, J = 6.5 Hz), 105.3 (d, J = 13.2 Hz), 41.4.
HRMS (ESI) caled for CoH;oBrFNO,S" 293.9594, found 293.9604.

(E)-N-(2-(2-bromophenyl)-2-fluorovinyl)methanesulfonamide (80): yellow oil, 250.0 mg, yield: 85%; 'H NMR
(400 MHz, CDCl;) 6 7.65 (d, J= 7.9 Hz, 1H), 7.46 (dd, J= 7.9, 1.3 Hz, 1H), 7.37 (t, J= 7.6 Hz, 1H), 7.25 (t, J= 7.6
Hz, 1H), 6.61 (d, J=11.4 Hz, 1H), 6.53 (dd, J = 24.4, 11.4 Hz, 1H), 3.16 (s, 3H). >C NMR (100 MHz, CDCl;) & 145.0
(d, J=242.2 Hz), 133.8, 131.2 (d, J = 23.5 Hz), 130.5, 129.9 (d, /= 5.4 Hz), 127.5, 121.1 (d, /= 1.6 Hz), 109.1 (d, J =
13.9 Hz), 41.2. HRMS (ESI) calcd for CoH,,BrFNO,S" 293.9594, found 293.9604.

F

CI\©\)\(H
BrNHMS

8p
(E)-N-(2-(2-bromo-5-chlorophenyl)-2-fluorovinyl)methanesulfonamide (8p): white solid, 256.2 mg, m.p.: 132-
134 °C, yield: 78%; 'H NMR (400 MHz, DMSO-d6) & 10.14 (d, J = 10.2 Hz, 1H), 7.70 (d, J = 8.6 Hz, 1H), 7.63 (d, J
= 2.5 Hz, 1H), 7.38 (dd, J = 8.6, 2.5 Hz, 1H), 6.51 (dd, J = 28.3, 10.2 Hz, 1H), 3.16 (s, 3H). °C NMR (100 MHz,
DMSO-d6) 6 141.7 (d, J=241.0 Hz), 135.6, 133. 8 (d, J=23.2 Hz), 133.1, 130.7, 130.0, 119.2, 111.6 (d, /= 12.3 Hz),

41.5. HRMS (ESI) calcd for CoHoBrCIFNO,S " 327.9204, found 327.9210.
Br F

o

. y NHMs
(E)-N-(2-(2-bromo-4-fluorophenyl)-2-fluorovinyl)methanesulfonamide (8q): yellow oil, 237.3 mg, yield: 76%; 'H
NMR (400 MHz, CDCls) § 7.46 — 7.35 (m, 2H), 7.11 — 6.98 (m, 2H), 6.43 (dd, J = 25.3, 10.7 Hz, 1H), 3.16 (s, 3H). °C
NMR (100 MHz, CDCl5) 6 162.4 (d, J=255.4 Hz), 144.3 (d, J=242.4 Hz), 131.4 (dd, /= 8.8, 4.8 Hz), 127.6 (dd, J =
24.3,3.7Hz), 122.1 (d,J=9.8 Hz), 121.1 (d, /= 24.8 Hz), 114.9 (d, /=21.4 Hz), 109.0 (d, /= 14.3 Hz), 41.2. HRMS
(ESI) calcd for CoHoBrF,NO,S " 311.9500, found 311.9511.

F

/@2\@4
NHM
MeOOC s

8r

methyl (E)-4-(1-fluoro-2-(methylsulfonamido)vinyl)benzoate (8r): white solid, 138.1 mg, yield: 51%, m.p.: 127-
129 °C;'"H NMR (400 MHz, CDCl;) & 8.04 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.3 Hz, 2H), 7.05 (d, J = 10.5 Hz, 1H),
6.63 (dd, J = 25.8, 10.5 Hz, 1H), 3.94 (s, 3H), 3.16 (s, 3H). °C NMR (100 MHz, CDCl;) & 166.5, 145.5 (d, J = 239.5
Hz), 130.0 (d, J = 2.1 Hz), 129.8 (d, J = 20.8 Hz), 125.1, 122.3 (d, J = 6.8 Hz), 106.3 (d, J = 13.5 Hz), 52.3, 41.6.
HRMS (ESI) calcd for C1H3FNO,S" 274.0544, found 274.0542.

F

X H

NHMs

le} 8s
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(E)-N-(2-(4-acetylphenyl)-2-fluorovinyl)methanesulfonamide (8s): yellow oil, 72.4 mg, yield: 28%; 'H NMR (400
MHz, DMSO-d6) 6 10.20 (d, J = 10.0 Hz, 1H), 7.94 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 6.90 (dd, J = 29.3,
10.0 Hz, 1H), 3.18 (s, 3H), 2.57 (s, 3H). °C NMR (100 MHz, DMSO-d6) & 197.5, 143.5 (d, J = 236.8 Hz), 135.9,
135.7 (d, J = 24.0 Hz), 129.1 (d, J = 1.8 Hz), 122.4 (d, J = 6.8 Hz), 109.1 (d, J = 12.5 Hz), 41.4, 27.1. HRMS (ESI)

caled for C;;H,3FNO5S " 258.0595, found 258.0603.
F

x H
HMs

N
A
« T

(E)-N-(2-fluoro-2-(2-(phenylethynyl)phenyl)vinyl) methanesulfonamide (8t): yellow 0il,239.6 mg, yield: 76%; 'H
NMR (400 MHz, CDCl;) & 7.69 — 7.60 (m, 3H), 7.55 (d, J = 7.9 Hz, 1H), 7.52 — 7.35 (m, 5H), 7.35 — 7.27 (m, 1H),
7.07 — 6.93 (m, 1H), 3.07 (s, 3H). °C NMR (100 MHz, CDCls) § 144.9 (d, J = 237.2 Hz), 134.1, 131.7, 130. 9 (d, J =
23.7 Hz), 128. 9, 128.5, 127.9, 125.1, 125.0, 122.5, 118.0 (d, J = 4.7 Hz), 108.7 (d, J = 13.3 Hz), 95.6, 88.3, 41.1.

HRMS (ESI) calcd for C7H;sFNO,S" 316.0802, found 316.0796.

F

N H

NHMs
gu COOMe

methyl (E)-3-(2-((E)-1-fluoro-2-(methylsulfonamido)vinyl)phenyl)acrylate (8u): yellow oil, 194.4 mg, yield: 65%;
'H NMR (400 MHz, CDCl;) & 7.96 (dd, J = 15.9, 2.4 Hz, 1H), 7.63 — 7.54 (m, 1H), 7.46 — 7.37 (m, 3H), 7.27 (d, J =
11.0 Hz, 1H), 6.39 (d, J = 15.9 Hz, 1H), 6.08 (dd, J = 25.4, 11.0 Hz, 1H).3.82 (s, 3H), 3.19 (s, 3H). °C NMR (100
MHz, CDCl3) 6 167.2, 144.7 (d, J = 243.5 Hz), 142.6, 132.7, 130.5 (d, J = 22.6 Hz), 129.9, 129.6, 128.3 (d, J = 4.3
Hz), 127.4,120.0, 109.5 (d, J = 14.0 Hz), 51.9, 41.1. HRMS (ESI) calcd for C,3H;sFNO,S" 300.0700, found 300.0710.

N-((1E)-2-fluoro-2-(2-styrylphenyl)vinyl)methanesulfonamide (8v): yellow oil, 113.8 mg, yield: 37%; '"H NMR
(400 MHz, CDCl;) & 7.74 — 7.48 (m, 3H), 7.47 — 7.36 (m, 3H), 7.36 — 7.28 (m, 2H), 7.28 — 7.02 (m, 2H), 6.93 — 6.64
(m, 2H), 6.48 — 6.14 (m, 1H), 3.12 3.05 (3H). °C NMR (100 MHz, CDCl3) § 146.5 (d, J = 243.6 Hz), 146.3 (d, J =
242.4 Hz), 137.1, 136.3 (d, J = 8.3 Hz), 135.1, 131.3, 130.4, 129.7, 129.0, 128.9, 128.8, 128.4 (d, /= 4.8 Hz), 128.2,
128.1, 127.6, 127.5 (d, J = 6.1 Hz), 126.7, 126.6, 126.4 (d, J= 2.2 Hz), 108.4 (d, J = 14.8 Hz), 108.1 (d, J = 13.9 Hz),
41.1,41.0. HRMS (ESI) calcd for C,7H,,FNO,S" 318.0959, found 318.0959.
O F
oH
NHMs
8w

(E)-N-(2-fluoro-2-(naphthalen-1-yl)vinyl)methanesulfonamide (8w): yellow oil, 119.4 mg, yield: 49%; 'H NMR
(400 MHz, CDCl3) 6 8.14 (d, J= 7.5 Hz, 1H), 7.91 (t, J= 7.1 Hz, 2H), 7.61 — 7.52 (m, 3H), 7.46 (t, /= 7.5 Hz, 1H),
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6.92 (d, J= 103 Hz, 1H), 6.32 (dd, J = 24.7, 10.3 Hz, 1H), 3.19 (s, 3H). °C NMR (100 MHz, CDCl3) & 147.7 (d, J =
245.6 Hz), 133.6, 130.9, 130.6, 128.6, 127.7 (d, J = 21.8 Hz), 127.2 (d, J= 4.8 Hz), 127.0, 126.4, 125.12, 125.06 (d, J

=2.2 Hz), 107.8 (d, J = 15.1 Hz), 41.2. HRMS (ESI) calcd for C;3H;,FNNa0,S" 288.0465, found 288.0468.
F

S H
O NHMs
8x

(E)-N-(2-fluoro-2-(naphthalen-2-yl)vinyl)methanesulfonamide (8x): yellow oil, 82.0 mg, yield: 31%; 'H NMR (400
MHz, CDCls) 6 7.92 (s, 1H), 7.86 — 7.79 (m, 3H), 7.54 — 7.45 (m, 3H), 6.90 (d, J = 10.5 Hz, 1H), 6.62 (dd, J = 25.9,
10.5 Hz, 1H), 3.17 (s, 3H). >C NMR (100 MHz, CDCl3) & 147.1 (d, J = 240.2 Hz), 133.1, 128.62, 128.60, 128.3,
127.8, 127.4 (d, J = 24.3 Hz), 126.9, 126.6, 122.0 (d, J = 6.9 Hz), 120.2 (d, J = 6.5 Hz), 104.6 (d, /= 13.7 Hz), 41.2.
HRMS (ESI) calcd for C3H3FNO,S" 266.0646, found 266.0632.

N-((E)-2-fluoro-2-((8R,9S,13S,14S5)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yl)vinyl)methanesulfonamide (8y): yellow oil, 160.3 mg, yield: 53%; 'H NMR (400
MHz, CDCl3) 6 7.29 (d, J= 8.3 Hz, 1H), 7.21 (d, J= 8.3 Hz, 1H), 7.17 (s, 1H), 7.05 — 6.81 (m, 1H), 6.41 (dd, J=26.2,
10.1 Hz, 1H), 3.12 (s, 3H), 2.96 — 2.86 (m, 2H), 2.60 — 1.92 (m, 8H), 1.71 — 1.42 (m, 5H), 0.93 (s, 3H). °C NMR (100
MHz, CDCl;) 6 221.2, 147.2 (d, J = 241.1 Hz), 140.6, 137.0, 127.7 (d, J = 24.6 Hz), 125.8, 123.4 (d, J = 6.4 Hz),
120.4 (d, J = 6.4 Hz), 103.5 (d, J = 14.0 Hz), 50.4, 48.0, 44.4, 41.0, 38.0, 35.9, 31.5, 29.4, 26.3, 25.6, 21.6, 13.8.
HRMS (ESI) calcd for C5;Hp,FNO;S' 392.1690, found 392.1676.

F

-

NHM
o

8ad
(E)-N-(2-(2-cyanophenyl)-2-fluorovinyl)methanesulfonamide (8ad): white solid, 17.3 mg, yield: 8%, m.p.: 128-

130 °C; *H NMR (400 MHz, DMS0-d6) § 10.37 (d, J = 10.2 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 4.0 Hz,
2H), 7.57 — 7.50 (m, 1H), 6.87 (dd, J = 28.9, 10.2 Hz, 1H), 3.20 (s, 3H). **C NMR (100 MHz, DMSO-d6) & 141.5 (d, J
= 238.2 Hz), 134.9, 134.1 (d, J = 22.9 Hz), 133.9, 129.1, 126.4 (d, J = 5.5 Hz), 118.6, 111.3 (d, J = 11.8 Hz), 106.7,
41.6. HRMS (ESI) calcd for CioH10FN,0,S" 241.0442, found 241.0445.

6. Procedure for derivation of products

6.1 Synthesis of N-(2-fluoro-2-phenylethyl)naphthalene-2-sulfonamide (9)!**!
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F F

©)\(H NaBH;CN (2.0 equiv) ©/K(H
toluene, 80 °C, overnight

HN. ’ ’ HN.

SO,nap SOznap

8e 9, 60% yield

(E)-N-(2-fluoro-2-phenylvinyl)naphthalene-2-sulfonamide (8e) (0.30 mmol, 100 mg) was dissolved in toluene (2.0
mL) and added to an oven-dried tube equipped with NaBH;CN (0.60 mmol, 36.9 mg) and a stir bar. The reaction
mixture was stirred overnight at 80 °C. Then the reaction mixture was filtered through a short plug of silica gel. The
filtrate was concentrated and the residue was purified by flash chromatography with PE/EtOAc (8:1) as eluent to give
the corresponding product 9 (60.5 mg, 60%) as a yellow oil.

F

9
N-(2-fluoro-2-phenylethyl)naphthalene-2-sulfonamide (9): yellow oil, 60.5 mg, yield: 60%; 'H NMR (400 MHz,
CDCly) 6 8.47 (s, 1H), 8.01 — 7.90 (m, 3H), 7.86 (d, J = 8.7 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.37 — 7.30 (m, 3H), 7.27 —
7.21 (m, 2H), 5.54 (ddd, J = 48.0, 8.2, 3.2 Hz, 1H), 5.34 — 5.19 (m, 1H), 3.58 — 3.26 (m, 2H). °C NMR (100 MHz,
DMSO0-d6) 6 136.7, 136.3 (d, J = 19.4 Hz), 134. 9, 132.2, 129.7, 129.3, 129.1, 129.0, 128.7 (d, J = 2.7 Hz), 128.4,

127.9, 127.7, 125.5 (d, J = 6.9 Hz), 122.2, 92.8 (d, J = 174.0 Hz), 48.7 (d, J = 25.2 Hz). HRMS (ESI) calcd for
C1sH17FNO,S " 330.0959, found 330.0956.

6.2 Synthesis of 3-fluoro-1-(methylsulfonyl)-1H-indole (10)**

F Cul (10 mol %) F
DMEDA (20 mol %
e Oy
NHMs K3PO, (2.0 equiv) N
Br toluene, 70 °C, 1 h Ms
80 10, 47% yield

To a solution of 80 (146 mg, 0.50 mmol) in toluene (4.0 mL), Cul (9.5 mg, 0.05 mmol), N,N’- dimethylethylene -1,2-
diamine (DMEDA, 88.0 mg, 0.1 mmol) and K3PO, (212 mg, 1.0 mmol) were added and the reaction mixture was
stirred at 70 °C for 1 h. After evaporation of the solvent, the corresponding product 10 (49.0 mg, 47%) was purified by
silica gel column chromatography using PE/EtOAc (10:1) as eluent.
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3-fluoro-1-(methylsulfonyl)-1H-indole (10): yellow oil, 49.0 mg, yield: 47%; 'H NMR (400 MHz, CDCl3) & 7.95 (d,
J=9.3Hz, 1H), 7.67 (d, J= 7.6 Hz, 1H), 7.48 — 7.43 (m, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.26 (d, J = 2.9 Hz, 1H), 3.07
(s, 3H). *C NMR (100 MHz, CDCl3) & 148.7 (d, J = 255.6 Hz), 132.8 (d, J = 5.1 Hz), 126.3, 124.0, 121.5 (d, J=19.2
Hz), 118.0 (d, J = 2.6 Hz), 113.6, 108.6 (d, J = 28.9 Hz), 40.2. HRMS (ESI) calcd for CoHyFNO,S" 214.0333, found
214.0324.

6.3 Synthesis of 4-fluoro-2-(methylsulfonyl)-1,2-dihydroisoquinoline (11)™*
F
©<\(H 'BUOK (1.5 equiv) H
NHMs MeCN, rt, 2 h Qf(
NMs
Br
8i 11, 54% yield

A solution of 8i (120 mg, 0.40 mmol), t-BuOK (67.2 mg, 0.6 mmol) in MeCN (2 mL) was stirred at room temperature
for 2 h. After the reaction completed (checked by TLC), the mixture was concentrated under vacuum and filtered
through a plug of silica gel. The solvent was removed in vacuum and the residue was purified by column
chromatography on silica gel (PE/EtOAc=10:1) to give pure product 11(48.0 mg, 54%).

O
N.
M

1

S

4-fluoro-2-(methylsulfonyl)-1,2-dihydroisoquinoline (11): yellow oil, 48.2 mg, yield: 54%; '"H NMR (400 MHz,
CDCl3) & 7.45 — 7.34 (m, 3H), 7.24 — 7.17 (m, 1H), 6.62 (d, J = 5.6 Hz, 1H), 4.77 (s, 2H), 2.75 (s, 3H). C NMR (100
MHz, CDCl;) 8 152.3(d, J=247.0 Hz), 129.8, 128.7 (d, J = 5.7 Hz), 128.4, 125.9 (d, J = 23.6 Hz), 125.4, 120.0, 110.1
(d, J=39.6 Hz), 47.9, 37.7. HRMS (ESI) calcd for C;oH;;FNO,S" 228.0489, found 228.0500.

6.4 Synthesis of methyl 2-(4-fluoro-2-(methylsulfonyl)-1,2-dihydroisoquinolin -1-yl) acetate (12)2**

F F
H H
N BUOK (1.5 equiv) N
NHMs NMs
MeCN, 50 °C, 2 h
COOMe COOMe
8u 12, 48% vyield

A solution of 8u (81.0 mg, 0.27 mmol), t-BuOK (44.8 mg, 0.40 mmol) in MeCN (2 mL) was stirred at room

temperature for 2 h. After the reaction completed (checked by TLC), the mixture was concentrated under vacuum and
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filtered through a plug of silica gel. The solvent was removed in vacuum and the residue was purified by column
chromatography on silica gel (PE/EtOAc=10:1) to give pure product 12 (39.0 mg, 48%).

MeOOC
12

methyl 2-(4-fluoro-2-(methylsulfonyl)-1,2-dihydroisoquinolin-1-yl)acetate (12): yellow oil, 39.0 mg, yield: 48%;
'H NMR (400 MHz, CDCl3) & 7.49 (d, J = 6.9 Hz, 1H), 7.45 — 7.36 (m, 2H), 7.33 — 7.27 (m, 1H), 6.54 (d, J= 5.2 Hz,
1H), 5.57 (t, J= 7.3 Hz, 1H), 3.69 (s, 3H), 2.84 (dd, J = 15.0, 7.3 Hz, 1H), 2.70 (s, 3H), 2.69 — 2.63 (m, 1H). °C NMR
(100 MHz, CDCl;) 6 169.8, 152.0 (d, J = 248.3 Hz), 131.5 (d, J = 5.6 Hz), 130.0, 128.8, 126.0 (d, /= 2.8 Hz), 124.1
(d, J = 23.0 Hz), 120.6 (d, J = 3.3 Hz), 107.3 (d, J = 39.3 Hz), 54.5, 52.0, 40.6, 38.3. HRMS (ESI) calcd for
C13H sFNO,S™ 300.0700, found 300.0699.

7. Protonic acid catalyzed/mediated reaction

We used protonic acid to catalyze the reaction with TBAF as the fluoride source, no 8a was obtained. The results
were summarized as follows:
Table S3 Protonic Acid Catalyzed/Mediated Reaction.

F

N=N acid (x equiv) H
o )\/N\M5 +  TBAF'3H,0 Tm» \NHMS
12, 1.0 equiv add1e'c? grc:)upmise e 8a
entry acid X yield of 8a (%) note
1 HBF, 1.0 0 desulfonylation
2 TsOH 1.0 0 desulfonylation
3 HBF, 0.2 0 desulfonylation
4 TsOH 0.2 0 desulfonylation

Thus, under strong acidic conditions, desulfonylation was the major reaction. Since it is difficult to mimic the
reaction condition without adding Et,O-BF;, and we do not know the exact amount of protonic acid under the
optimized conditions, the mechanism of path ¢ in the manuscript cannot be excluded at this stage. However, on the

basis of the above experiments, we thought the participation of Et,O-BF;in the activation of triazole is necessary.

S18



8. References

AN »n B~ WD
B e T i

8
9]

|—|r—|r—||—|r—||—|r—||:|r—||—||—|r—||—||—w
[ W—"

Xu, Z.-F;; Yu, X.; Yang, D.; Li, C.-Y. Org. Biomol. Chem. 2017, 15, 3161.

Zhuy, S.; Wang, C.; Chen, L.; Liang, R.; Yu, Y.; Jiang, H. Org. Lett. 2011, 13, 1146.

Chen, Q.; Yang, Z. Tetrahedron Lett. 1986, 27, 1171.

Cheng, W.; Tang, Y.; Xu, Z.-F.; Li, C.-Y. Org. Lett. 2016, 18, 6168.

Spangler. J.; Davies. H. J. Am. Chem. Soc. 2013, 135, 6802.

Jola, P.; Raffaella, F.; Helfried, N.; Matthias, B.; Nicole, L. Chem. — Asian J. 2016, 11, 2085.

He, J.; Shi, Y.; Cheng, W.; Man, Z.; Yang, D.; Li, C.-Y. Angew. Chem., Int. Ed. 2016, 55, 4557.
Chuprakov, S.; Malik, J. A.; Zibinsky, M.; Fokin, V. V. J. Am. Chem. Soc. 2011, 133, 10352.

Selander, N.; Worrell, B.; Chuprakov, S.; Velaparthi, S.; Fokin, V. V. J. Am. Chem. Soc. 2012, 134, 14670.

10] Yang, Y.; Yu J.-X.; Ouyang, X.-H.; Li, J.-H. Org. Lett. 2017, 19, 3982.

11] Shi, Y.; Yu, X.; Li, C.-Y. Eur. J. Org. Chem. 2015, 6429.

12] Miura, T.; Nakamuro, T.; Nikishima, H.; Murakami, M. Chem. Lett. 2016, 45, 1003.
13] Shin, S.; Park, Y.; Kim, C-E.; Son, J.-Y.; Lee, P. J. Org. Chem. 2015, 80, 5859.

14] Ding, H.; Bai, S.; Lu, P.; Wang, Y. Org. Lett. 2017, 19, 4604.

S19


http://www.journal.csj.jp/author/Nakamuro%2C+Takayuki
http://www.journal.csj.jp/author/Nakamuro%2C+Takayuki

9. 'H and "*C NMR spectra for new compounds

171101 dheT007 /1 s = o3 = =
= -oC = =
N=N, I [ |
o N-Ms
1h
.
.
- |' ‘
J )] I
|
|
I
VY I N 1
L A f f
H ] 8 S
= [ - o -l
T T T T T T T T T T T T T T T T T T T T
15 15 14 13 12 11 10 ] 7 & 5 4 k] 2 1 o -1 -z -3 -4
f1 (ppm)
171101~ dheT00TC/2 = 2 E=z = e 2
L 5 g== & o Z
N = 8  #88 I g -
N N— | | e
. Ms
1h
.
]
|
|
!
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 13 120 110 100 9 8 70 60 50 40 30 20 10 -10

£1 (oom)

S20



171101~ dheT004/1 S2zEEz29% = =
N | == [
N=N,
. N-Ms ‘
CN |
1 . |
I
1l
L -
iy I Pl
2 g3 S
R s =
T T T T T T T T T T T T T T T T T T T T
16 16 14 13 12 11 10 9 & 7 i 5 4 3 2 1 o -1 -2 -3 -4
£1 (ppn)
171101~ dheT004C/2 2 EEEE = =
e SEgEEns = < =
N=N, Yl
N-Ms
CN
1j .
|
|
[
|
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 1m 110 100 80 80 T0 &0 80 40 30 2 10 0 -10
M

-}

S21



170811~ s1hi002/1 LorEEozED2 2
NN S
. N~Ms
i
Br 1o
Il
[ | | | |
RNy
|
|
A Jl__
Lprss I
2gz&s B
T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 i 8 5 1 -1 -z -3 -4
1 (ppm)
z SIEZETn -
NN z EEEEERE g
= Ms Vil [
Br 1o
|
|
r T T T T T T T T T T T T T T T T T T T
0 0 180 1 1f0 160 180 140 130 120 110 100 90 80 ki a0 50 40 30 0 10 0 -10
£1 [ppn)

S22



[
1
Lo
1
L e
1
-
I
<
| -
A_ 0 E—
L
e
coE— _— = =
b
Ew
g
o R
B
—
o
924
i Lo
i — M =501
8z L
¥l —_— =101
e orni—
ar’g —_ e 2g2El—
e - I* =0l
€6 DET
£88— _ = _mw MMW-
FLREL=F
Torer
Le 2R —
Lo
=1
Lo
B
Lo
s a
T
N,N >*
L, - ra N
z M ca z
<2
o o
- 2
Iw m
u
5] =
Lwg 2
— —
jal
Ft

170929~ =1h3029/1

-1

[ale] 60 40 a0 20 10

70

N-Ms
Br
180 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

ip
200

210

Cl




171021 =1h3084,/1

£ OoBr2SEnEgSIR 3
G EEm e eeeeeeeen =
N [ |
Br  N=N
~ N-Ms
[
|
F
1q
[ [
| I| |
| J .‘Il 1
|
i
RN " I
O I
e = E= s
T T T T T T T T T T T T T T T T T
16 16 14 13 1z 11 10 @ E] 7 8 2 1 o -1 -z -3 -4
1 (ppm}
171026~ s1L30840 /2 == = sy zrras .
B = 28 SES&Z2 E
Br N=N I SN
-~ N-Ms
F
1q
|
1
T T T T T T T T T T T T T T T T T T T T T T
20 200 190 180 1F0 160 180 140 130 120 110 100 80 80 70 A0 B0 40 3 W 1o -10
£1 {ppm}

S24



1708911~ dhof0E62 /1 coge~m_nmNommmon oo
SEEmE e maaaas T aas =
N e o
N e b a N
N=N
~ N-Ms |
P
COOMe [
1u ) | |
1
{ [ J
[
.|J N J
1
[ !
T T |
zezz s £z
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 1z 11 10 =l 8 [ 4 3 2 1 4] -1 -2 -3 -4
f1 (ppm)
170911 dhoB0B62C/2 ) T ER
8 ST BESSERRS 8
N=N, (NS V) | [
~ N-Ms
=
COOMe
1u
|
T T T T T T T T T T T T T T T T T T T T T T
210 200 1980 180 170 160 150 140 130 120 110 100 80 80 0 60 50 40 30 20 10 -10
£1 (ppn)

S25



171023~ 21h3087 /1

N=N
o~ N=Ms

1v

|/
[

H

Froe

10

11

1z

13

14

15

18

£1 (ppm)

0L gk —

ik
A
i3

06
an

69
a8
8k

vh

171026~ =1h3087C/2

18T
.awa./,
aE1
“OEl
“AET
LT
i
£8"
a5

IET
OET
L1

L —

N
. N-Ms

N

1v

-10

200 180 180 170 160 180 140 130 120 110 100 80 B0 70 [l A0 40 30 20 10
1 i{ppm)

210

S26



L9'E—

=

LA

Ms

171015~ s1h3067/1

N-N

N~

f
|

,
|
I

1w

F=40E

FE0E
=0l
0T
=0l
Foo

@A er—

Ms

171030~ s1h3067C/2
N-N
"
N~
1w

-10

200 190 180 170 160 150 140 130 120 110 100 80 80 T0 B0 50 40 30 20 10
£1 (ppm)

210

S27



884
[ F./
[
70l
ba FW.
L0

ng 83—

171018~ s1L3077/1

Eu0E

Froe
Foow

an°s
Foog

Froe

Fvoct
=00

oot

S

S

£1 (ppn)

no—

557811~
¥iEal
a0 971
ARl
IR

LT R
18" Tpl=—

Ab APl —

078~

171026-s1h3T7C/2

-0 -I0 -

=10

230 220 210 200 180 180 170 160 160 140 130 120 110 100 90 80 ™ &0 B0 40 30 20 10
1 fneml

40

S28



171026- dhaT010/1 % Scozzzezsad 2
NZN\ = 60 03 G883 b o be b be b L
e | RS |

CN

1ad

I
{ I
J AN

L4k !
T T T T T T T T T T T T T T T T T T
14 13 12 1 10 9 8 7 i 5 4 3 2 1 0 -1 -2 -3 -4
f1 (ppn)

171026~ dhcT010C/2 e mggnzs 3 < -

N=N, £ EEsgss £ ¢ g

~ N~Ms NV I

CN
1ad

T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10 [} -10
£1 (ppm)

S29



ElE—

NHMs

Ba

=10

001
680

Faos

nop—

a6 £l
o1yt

0L EET
@ i
G98ET
1L muaw
£1821

b niﬁ
BE 0EL

] 88 0Pl
108 —

NHMs

8a

-10

T
110

T T
140 130

T
180

T
200

T
210

£1 (ppm)

S30



171027-dhcT022/1

£ZEEERR355868E SIC E2E2E55CS85
B e B i B i S
F S R R
S H
HN._-O
87
o) \.—\
8b ‘| ‘ I
o |
h‘f -‘ ‘ \ ‘
|
M.|1 / | |
|
I
I
|
ML ¥ s !
£322 8 z = 8
T T T T T T T T T T T T T T T T T T T T T
18 15 14 13 12 11 10 ] [ 7 & 4 3 2 1 o -1 -2 -3 -4
£1 (ppm)
171027~ dhcT022¢c/2 oo ze &
58 e g
F - 8
H Il
x
HN__.O
’/s’
fo \.4\
8b
1
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10 0 -10

£1 (ppm)

S31



g

038
80
nE:
oo
e
17

VEL

127U
[

NHTs

8c

—00'E

Froor
Toco

FO0L

=80

10

11

12

13

14

18

18

8616 —

NHTs

8¢

S || ——

-10

T T
140 130

T
150

T
200

T
210

£1 (ppn)

S32



TEETEASNESREEITESE
SoERRINININNIGEIEG
E T N N
S H |
NHBs |
8d |
I 7y
[l ‘ / JJJ
L":'U . ] |
AL
588 2 2
16 15 14 13 12 11 10 9 g8 T [} 4 il 2 1 Q -1 -2 -3 —4
£1 (ppn}
38
S
Cy
F v
M
NHBs
8d
[
|
|
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (nnm)

S33



dheT106-5/1

£1 {(ppm}

£0

4l
08
48
L)
Pl
18
LT
L
£1
AE
68
A0

dhoT106-6/2

_xo_V-
el
a1
Bzl
L1
LE1
8zl
8zl
8zl
341
(34
141
gl

mn_%

Ge1
agl

apl—
Bpl—

HN.__.O
57

8e

-10

00 180 180 170 160 150 140 130 120 110 100 G0 80 0 g0 80 40 30 20 10
£1 (ppn)

210

S34



1B E—

£1E—

8E 0
op'a
Gp'9
Lp'0
969~
814
e u—

wif

171031~ dhe7028/1

NHMs

8f

i

=00 E

F—a0'g

F-on'1

FEGD
FE0°E
a0z

10

11

13

14

18

18

£1 (ppn)

@ w—

26 "0p—

171031~ dhc7029C/2

NHMs

8f

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10
£1 (ppm)

210

S35



BT

E1E=—

171008~ dhed122/1

NHMs

=000

1008

Foo't
=860

11

61 1E—
£L—

€6 "0p——

£2°801
267601

697221
a1 2zl
99°521
8051
81421
b 121

PE b1 —
£4°8p1—
107251~

171008~ dhcf122¢/2

NHMs

T
-10

80

T
200

T
210

£1 (ppm)

S36



171104~ dhe7036/1 . o =
SEEws s = o
F VN | \
-H
[
NHMs
8h
If ‘
lp‘ ej ‘ i
I
]
PR .JlJl - — - — BA,;J...L I
nI i 4
% Z -
T T T T T T T T T T T T T T T T T T
15 15 14 13 12 11 10 ] g 7 g 3 2 1 0 -1 -2 -3 -4
£1 (ppm)
171104~ dhcTOFEC /2 28 & 3=z 353 =5 2 2
=R ¥ EEE E& ZE = =
F z= = ZZ= == == - =
u N Y Y |
RS
NHMs
8h
1
I
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 150 160 140 130 120 110 100 GO 80 0 60 50 40 30 0 10 -10
£1 {(ppm}

S37



L7103~ de035/1 233858z 2555 2 =
e N < =
F ey P N
o H
NHMs |
Br
8i ) i
| |
[ { |
| /
| /
[ ! J |
|
1
[ B B . S S e .
T T T i
=g 2 2 =
- = = =
T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 ] 8 5 4 2 1 0 -1 -2 -3 -4
£1 (ppm)
171103~ dheT035c/2 ®E EBEECER EE = a
' : : B 2
. EERECEEEEE zz = =
[ s Y \ |
. H
NHMs
Br
8i
I
1
f |
T T T T T T T T T T T T T T T T T T T T T T T
0 80 70 60 50 4o 30 20 10 0 -10

210 zo0 180 180 170 160 180 1do 130 120 110 100
£1 (ppn)

S38



=

171102~ dheT034/1 cxmogungs

621

P S 3

—3.83
—a314

F SNPER S
= H |
NHMs
CN I
8 ‘ I‘
| [
-
| |
II| J
|
ﬁ
g5 7 I
T T T T T T T T T mmc‘l = T T \[‘ l.”l T T T T T T T
16 15 14 13 iz 11 10 a 8 ki [} 5 3 2 1 a -1 -2 -3 -4
f1 (ppn)
171102- dhe T034C 2 Eommnogomes oz - .
T N Y
o H
NHMs
CN

T T T T T T T T T T T T T T
40 230 220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 T B0 B0 40 30 20 10 ) -10 -20 30
f1 (ppm]

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

S39



20171101-dhe7031,1

Mo—cocrmoBOnoE
P L = TR g R

—a. 14

F SN
= H
NHMs
F
8k
[
|
| |r
E
[
Y
A A “
T 1
e 8 s
T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 8 7 ] 5 q 1 -1 -2 -3 -4
i1 (ppm}
20171101-dhc7031c/2 == sg =
F iz £ 2
23 == g
H Il Il |
S
NHMs
F
8k
1
T T T T T | T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 13 120 110 100 80 8 T0 60 5 40 30 20 10 -10

£1 (ppm)

S40



170911~ dhoB0G2 /1 EEEERE =
rOCg oD o
e (RN
= H )
NHMs
Cl | )
8l [
ro
[
) ]
A Lot A
T T
s & 8 2
= = = =
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 2] ] 7 6 3 2 1 0 -1 -2 -3 -4
1 (ppn)
170911~ dhc6092C/2 G 228388 ]
4 sg88ss =
F =¥ SooNss =
Il I\ ¥
~H
NHMs
Cl
8l
|
[
1f
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppn)

S41



PLE—

170914~ DHCG0GE /1

NHMs

Br

JU‘L | I PR

i

—an'g

0071

F-4670
—80°F
=0z

£1 (ppm)

BT

66" H0T
2l rEV

£pal~_
2" pal
Rt
[l
o b1~
BE I~

il —
ETLPI—

170914~ DHCE0PEC/ 2

NHMs

Br

8m

—10

T T T T T T T T T T T
200 190 180 170 180 150 140 130 120 110 100
£1 (pon)

T
210

S42



1T1006dhefi118,/1 FEEE I L e E
P e e - - - -] -
F I
S
NHMs ’
Br 8n |
||H |
‘ |
|
|
M
|
L
]
L\_i __,I PR SR |
AP T
5252 2 H
T T T T T T T T T T T T T T T T T T
15 16 14 13 1z 11 10 ] & 7 8 5 2 1 o -1 -2 -3 -4
£1 (ppml
1T1006dhof 118e,/2 22 smERzEDERSE  EQ -
g Mo_SSssnNo- ws :
F Sz ESESESSHNER =S El
Iy Vi Y |
H
=
NHMs
Br 8n
1
|
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 180 180 140 13 120 110 100 80 B0 kvl 0 50 40 0 20 10 -10

£1 (ppm}

S43



NHM
Br s

8o

CrrrssorsrennoETo®

T

7

T

T

T

T

T

T

7

T

T

T

)

@

@

)

)

@
—3.18

3,05

16 15 14 13 12 11 10 9 8 T B 5 4 1 0 -1 -2 -3 -4
£1 (ppm)
TE £EE5EZEEIC 23 =
F £ £szESEEss gz -
H LT ssse Y v |
=
NHMs
Br
8o
|
|
i
L i
\ \ T T T T T T T T T T T \ \ \ T T T T
200 180 180 170 1680 180 140 130 120 110 100 80 80 0 40 30 20 10 [¢] -10
£1 (ppn)

S44



are—

arar
81 EHV.

171027~ dhof126/,1

cl

NHMs

Br

8p

=E0E

F-00°T

=001
Lrkin
Sepoct

For

1 (ppn)

Sk T

PEOIIL
wm._iv

0ge1r—

coact
RTINS
0B —
10 E:&-
D__.HE\
991

g E:u\\.
€673k

171027~ dhe6125C /2

Cl

NHMs

Br

-10

£1 (ppm)

S45



171031~ dheT025 /1 S N G P0G G = B0 b 1D =
TT¥TIEnmhAcoooooSoTTTe
B P E e e e

—3.10

T
R =
T T T T T T T T T T T
16 15 14 13 1z 11 10 a a8 T [}
£1 (ppm)
171031~ dheT023C,/2 == BE LCIEGEEZE=xEET EE
EE g5 dssundsEIEE
gr F Il [ == iy Y

P

NHMs
8q

A1, 2

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
£1 {ppm}

S46



NHMs

MeQOC

171007-dhc6120,1

— |O
F e
@ p—
3 e 62 25—
_ e
L FE0E
—e0E||
Fo
g
Fo &
B
—
oot kN S.QEV.
Ve 001
Femn 't/ [

ZL°621
£6°621
L o 20081
V0 0ET

= Ve Phl—
L 'opl—

06991 —

171007~ dhcf120c/2

-10

NHMs
200 180 180 170 160 150 140 130 120 110 100
£1 (ppm)

210

MeOOC




58 'O
18 ”m
ey
1>
i

arar
JENTS

171031~ dheTO2T/1

NHMs

.

=008

Fuoe

Foor

F-00'8
F—L0E

101

10

11

1z

13

14

15

16

1 (ppm)

207208 —

ey 1b—

£0°601
o_Ama_v

opzel
:\NN_V

£1°621

¥

‘A1 —

171101~ dhc70278/2

NHMs

T
-10

T
140 130

T
150

T
200

T
210

£1 (ppm)

S48



170913 dhoB0Sd /1

L]

-

=88

o
v
hﬁhn
u}_c

LT

10

11

13

14

158

18

e—

o8 —

170913~ dhef0B4C/2

il
E_/.
221
121
E_.J/r
0g1
€1
€1

¥El

Efl—
bl —

NHMs

=10

00 190 18 1% 160 150 140 130 1200 110 100 GO 8O 70 60 50 40 30 20 10
£1 ippn)

210

S49



170912~ dhef05812/1

F el 7 SN [
S .
NHMs \ ‘ |
gy COOMe ‘
i
( r
If I‘l ‘ [
ml [
[RE [
1
1 I
J\J |
L ~ S _ — _ ~ _ JLL__ j_ _— __A_JL-\_)J S S
Toer 1T ol
T T T T T T T T f— = T = —I T T - T T T T T T T
18 15 14 13 12 1 10 E] ] 7 & 5 4 5 2 1 0 -1 -2 -3 -4
£1 (ppm)
170912~ dhof0B12C/2 2 Tzz zsgssgsam 52 B B
F 1 WOV 1
LM
NHMs
gy “COOMe

T T T T T T T T T T
210 200 190 180 170 180 160 140 130 120 110 100 90 80 0 80 50 40 30 20 10 0
f1 (ppn)

S50



908~
a1e="
¥l
NEE
07 91
£'9
(YRS
e
ap'9]
810
a9°9
606
[T
£1°9-
28 9
489
a6 9+
[TE
60 Lk
Pl-k
a1
s 3
0z i
a1 )
L

16 L
EE L

¥E L
88 L
o i
ar ]
Fia
09
294
55 4]
45 4]
[
214
o

=

s

&

=3

&

4

i

o

=

=

=

=

pr

>

&

-84

=001

G0 E—

P L

3.10 3.08 3.00

3.15

F=00°E

S|

1 {ppm}

o6 "0
E.Gv

10801
S1800
8z gor
Bl et
Tl oanl
bk LEl
15°4EL
a0-mar
7z 8zl
18821
0821
a0 S_\‘
62 1EL
80 LET=T

G0 GBI
08 GET

m—.srq
) FEN.

20171101-dhc?028c/2

T
=10

T T
140 130

T
150

T
200

T
210

£1 (ppm)

S51



171050~ dne?025/1 SrEs23E52EEE2TESEERE
Ssosea

F

=
NHMs

H

8w “

319

(h r
| |‘ |
) |
|
I
|
|- — — e ._JL,_J__AL_ —
S S A §
2822 2 2 z
T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 7 G 5 4 1 -1 -2 -3 -4
f1 (ppn)
171030~ dheT025C/2 Z2zZ2zEs8a=sass 8 -
S2SESEREEERSESE 5SS =
O F [y |
L H
NHMs
8w
|
|
1
I
T T T T T T T T T T T T T T T T
200 100 180 170 160 160 140 130 120 110 100 o0 80 T 20 10

T
210

£1 (ppn)

S52



LlE—

171008~ dhef124/1

e e S P P

N

NHMs

=

Bx

=

an e

10

11

1z

14

15

16

£1 (ppm)

8k p01
20 _\Ev

210z1
vE 0zl
00 gzl
10 NN_/

pa ezl
ag ozl
LI
BF LT
LAl
5% 821
08zl
zaazl
10881

B Gl
zEBPl—

171102- dhsT032C/2

=

NHMs

8x

-10

200 190 180  1f0 160 150 140 130 120 110 100 90 g0 70 60 50 40 30 20 10
f1 (ppm)

210

S53



Ry

20171101-dhe7030/1

|
|
[ Le
| i
|
|
e
|
[
| -
| [
| gl—
| €8¢l
86 13—
re 198G~
€ e
187087
051"
— —LE L 68 "G —
86 26~
o 80 0p—"
— - Eern 18—
N- N 00 '8p~—
_ T = by e b 05—
f— = 0171
e ot Bl
RS
I 2603
- — =0e [T
E
b
E apeol
= =
%. wE _,...,..S_V.
—_ =001 -
W
o 60
mV- WJI a0l e
= 1
1

S
i
1
1
I|
T
8

o
Zb8rI~C
Lo
=
L
=
Lo
=
[ =
A
L=
— o~
=2
o
§=3
a
o & m—
Lo m
1
o
=1
=] =
=
-

20

-10

10

60 50 40 30 20

70

90 80

100
£1 (ppm)

220 210 200 180 180 170 160 150 140 130 120 110

230

40



dheT103-13/1
F

=

CFJVHMS
8ad

H

10,38
10,36

<

0,995

T T T
14 13 12

dhcT103-13/2
F
S

ChPIHN'IS
8ad

H

T T
210 200

T T T
120 110 100 890 80
f1 {ppm}

S55

58

]




520

HN
o7

Foor
Foor

o
iy

Fa

o

£1 (ppn)

€5 °8p
8L .mev

% " AJMI.r

08 16— =
29°66— =

w—

b6 221
2821 =
69821
21821

99961

F
HN. .0
o"s
. O
A s ) B R O o

-10

40

T
130

T
140

T
150

T
200

T
210

£1 (ppm)

S56



10 E— -~

172}
L A E

|
|

J

E-00E

ol

£1 (ppm)

610p—

o ‘Bl
L mEV-

08 ZET
FRiE

L
6 B —

7]
w. =~ NnM

T
=10

S57



170811~ dhed080,/1

o

i

N‘Ms

"

10
0

£1 (ppm}

b A

98 Lp—

98601
n_:v

£0°071—

LE 521
bt mEW
86521

ek'8zl
£0°8z1
80°8z1
alezl

50 151—
05861 —

170911- dheB0OBOC /2

N'Ms

1

-10

200 180 180 1 160 160 140 130 120 110 100 90 B8O 0 60 &0 40 30 20 10
£1 (ppm)

210

S58



1708 14-DHCE093 /1

ErITTTommmamBG =gy ]
B e s o

a0 1 T I3
I5Z 3 z = g
T T T T T T T T T T T T T T T T T T
16 16 14 13 12 11 10 9 ] 7 6 5 4 3 1 -1 -2 -3 -4
f1 {ppn]
170014~ DHCE093C/2 2 o BESCs2=238 23 =2 =
EH =8
5EESH83885 =3 i =4
F [l N R 4 I I
=
N.
Ms
MeOQOC
1
.
| |
! |
I
I
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180  1f0 160 160 140 130 120 110 100 GO 80 70 60 50 40 30 20 10 -10
f1 (ppm]

S59



