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1. General remarks

Ynamides were prepared according to our previous synthetic procedures.! Other
chemicals were purchased from commercial suppliers, and were used without further
purification. All the products obtained are analytically pure.

Nuclear magnetic resonance (NMR) spectra recorded on JEOL 400 MHz spectrometers at
ambient temperature (25 °C) in either CDCIl3z or DMSO-ds. Abbreviations for data quoted
are s, singlet; brs, broad singlet; d, doublet; t, triplet; dd, doublet of doublets; m, multiplet.
All NMR-data are reported in parts per million (ppm) relative to the solvent signal (CDCls:
On = 7.26 ppm, &¢c = 77.16 ppm; DMSO-dg: oy = 2.50 ppm, oc = 39.52 ppm).

High-resolution mass spectrometry (HRMS) analyses were obtained on an agilent TOF-
G6230B mass spectrometer and Thermo-DFS mass spectrometer with positive ion mode.

Thin layer chromatographies (TLC) were conducted on pre-coated silica gel 60 F254 plates
(Merck). Silica gel 60H (200-300 mesh) and preparative TLC (200x200 mm, 0.2-0.25 mm
in thickness) manufactured by Qingdao Haiyang Chemical Group Co. (China) were used
for general chromatography.

Melting points were measured on a Mettler Hanon-MP450 and not uncorrected.



2. General Procedures
General procedure A for hydrophenoxylation reaction
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A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of ynamides 1 (0.1 mmol, 1.0 equiv.) and phenols 2 (0.15 mmol, 1.5 equiv.) in toluene (0.5
mL). The vial was closed with a screw cap and stirred at 80 °C (oil bath) for 12 h under air.
Once completed, aqueous NaOH (1 M, 0.15 mL) was added to neutralize the unreacted
phenols. Then, the mixture was transferred a separatory funnel with water (10.0 mL) and
was washed with EtOAc (3%x3 mL). The aqueous phases were further extracted with EtOAc
(2x5 mL). The combined organic phases were dried over anhydrous Mg,SO;, filtered, and
the volatiles were removed under reduced pressure. The residue was purified by
preparative TLC (eluent: petroleum ether/ethyl acetate), yielding the hydrophenoxylation
products 3.

General procedure B for deuterophenoxylation reaction
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A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of 2-cyanophenol (2f, 0.15 mmol, 1.5 equiv.) in CD30D (0.5 mL). The vial was closed with
a screw cap and stirred at room temperature for 10 min under air. Then CD3;0D solvent
was removed by a rotary evaporator under reduced pressure. Afterward, ynamides 1 (0.1
mmol, 1.0 equiv.) and dry p-xylene was added, and the resulting mixture was stirred at 80
°C (oil bath) for 12 h under air. Once completed, aqueous NaOH (1 M, 0.15 mL) was added
to neutralize the unreacted phenols. Then, the mixture was transferred a separatory funnel
with water (10.0 mL) and was washed with EtOAc (3x3 mL). The aqueous phases were
further extracted with EtOAc (2x5 mL). The combined organic phases were dried over
anhydrous Mg,SO;, filtered, and the volatiles were removed under reduced pressure. The
residue was purified by preparative TLC (eluent: petroleum ether/ethyl acetate), yielding
the deuterophenoxylation products 3-D.

Note: To simplify the synthetic procedure and make it more practical, we performed these
experiments without exclusion of air and moisture, which could be accounted for a slightly
lower deuterium than 100%. It is also worth mentioning that here we used dry p-xylene
instead of anhydrous toluene due to the accessibility issue of the latter solvent, and their
comparable efficiency on this reaction has been demonstrated in Table 1)



3. Scale-up synthesis

T8 NC toluene (20 mL), 80 °C, 12 h
Z Nove + >
Ph/ HO purified with extraction workup

no column chromatography

1a 2f 3af, 98%
A dry 50 mL round-bottom flask equipped with a Teflon™-coated stirring bar, was charged
with a solution of ynamide 1a (1.14 g, 4.0 mmol, 1.0 equiv.) and 2-cyanophenol (0.71 g,
6.0 mmol, 1.5 equiv.) in toluene (20 mL). The reaction mixture was stirred at 80 °C (oil
bath) for 12 h under air. Once completed, toluene was removed by a rotary evaporator
under reduced pressure and was recovered with a volume of 18 mL. Then, agueous NaOH
(1 M, 6 mL) was added to neutralize the unreacted phenol. The mixture was transferred a
separatory funnel with water (10.0 mL) and was washed with EtOAc (3x5 mL). The
aqueous phases were further extracted with EtOAc (2x15 mL). The combined organic
phases were dried over anhydrous Mg,SQ,, filtered, and the volatiles were removed under
reduced pressure, leading to the analytically pure (see '"H NMR spectrum below) product
3af as yellow solid (1.58 g, 3.92 mmol, 98%).
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4. Evaluation of green chemistry metrics

NC
Ts NC]@ toluene (20 mL), 80 °C, 12 h O:@

_ N\Me + -
= HO purified with extraction workup H s
Ph 7N
no column chromatography |
Ph  Me
1a 2f toluene recovered: 18 mL 3af
1.14 g, 4 mmol 0.71 g, 6 mmol actually used solvent: 2 mL, 1.74 g 1.58 g, 3.92 mmol
C16H15NO,S: 285.08 C;HsNO: 119.04 C;Hg: 92.14 Co3HooN203S: 404.12
. moles of product 3.84
Percentage Yield (%) = — x 100 = x 100 = 98%
moles of limiting reactant 4
molecular weight of product 404.12
Atom Economy (%) = g. P x100 = — = 100%
total molecular weight of reactants 285.08 + 119.04
Atom Efficiency (%) = (% yield of product x % atom economy) x 100 = (98% x 100%) x 100 = 98%
. amount of carbon in desired product 23
Carbon Efficiency (%) = : x 100 = x 100 = 100%
total amount of carbon presented in all reactants 16 +7
f isolated product 1.58
Reaction Mass Efficiency (%) = ——e > POGCAPIOTIE  yop = — 2% 400 = 85%
total mass of reactants 1.14 +0.71
total waste 114 +0.71 +1.74
E-factor = = = 2.3 kg waste/kg product (based on solvent recovery)
total product 1.58

EcoScale =100 — sum of individual penalties = 100 — 20 = 80 (>75, so it is an excellent synthesis)



Evaluation criteria of EcoScale:

EcoScale = 100 — sum of individual penalties
Score on EcoScale: > 75, excellent; > 50, acceptable; and < 50, inadequate

Ecoscale calculation of the current protocol:

A. Calculation of penalty points

Parameters

1. Yield: (100 — %yield)/2 = (100 — 98)/2

Penalty points

1

2. Price of reaction components (to obtain 10 mmol of the final product, 3af)

a. N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide = 10.4 mmol

Synthetic cost of required chemicals:

$1.40

$4.73

©OEPe 0MeO ©

phenylacetylene = 10.6 mmol x 102 g/mol + 0.93 g/cm3 x $120.6/100 mL

N-bromosuccinimide = 12.6 mmol x 178 g/mol x $61.4/100 g = $1.39
silver nitrate = 0.53 mmol x 170 g/mol x $821.1/100 g = $0.74
acetone = 35.1 mL x $67.3/1000 mL = $2.36
N-methyl-p-toluenesulfonamide = 12.6 mmol x 185 g/mol x $202.9/100 g

b. 2-hydroxybenzonitrile = 15.63 mmol x 119 g/mol x $207.1/25 g = $15.4

c. toluene = 52.1 mL x $730.2/20 L = $1.90
Total cost of synthesis of 3af = $30.87

copper(ll) sulfate pentahydrate = 1.1 mmol x 250 g/mol x $240.2/1000 g = $0.07
1,10-phenanthroline = 2.1 mmol x 180 g/mol x $474.6/100 g = $0.18
potassium carbonate = 26.3 mmol x 138 g/mol x $215.7/1000 g = $0.78
toluene = 52.7 mL x$730.2/20 L = $1.92

Thus expensive, since $10 < (total cost of synthesis of 3af) < $50 3
3. Safety

a. 2-hydroxybenzonitrile 5

b. toluene 5
4. Technical setup

common setup 0
5. Temperature/time

80 °C, 12 h (heating, > 1 h) 3
6. Workup and purification

a. Removal of solvent with bp < 150 °C 0

b. Cooling to room temperature 0

c. Liquid-liquid extractione 3

Total penalty points: 20

B. Ecoscale calculation:

Ecoscale Score: 100 — 20 = 80 (>75, it is an excellent synthesis)



5. Recyclability of reaction solvent

1 TLC trace of
reaction mixture

CN
I NC toluene (recovered) ;@
oy e
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(91% NMR yield)
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A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of ynamide 1a (28.5 mg, 0.1 mmol, 1.0 equiv.) and 2-cyanophenol (17.9 mg, 0.15 mmol,
1.5 equiv.) in the above recovered toluene (0.5 mL). The vial was closed with a screw cap
and stirred at 80 °C (oil bath) for 12 h under air. Once completion (TLC trace shown as
above), the reaction mixture was concentrated by a rotary evaporator under reduced
pressure. The residue was subjected to 'TH NMR analysis with 1,3,5-trimethoxybenzene
(5.6 mg, 0.03 mmol, 0.3 equiv.) as internal standard. The product 3af was determined with
91% yield and > 20/1 E/Z selectivity.



6. Synthetic utilization

NC NC.
o Pd(PPh3)4 (10 mol%) . o
Ts< /& Br EtzN, DMF, 100 °C, 20 h —
N -
) Ts—N,
Me Me
3rr 4, 76%

A dry 10 mL sealed tube equipped with a Teflon™-coated stirring bar, was charged with a
solution of 3rr (40.6 mg, 0.1 mmol, 1.0 equiv.), Pd(PPhs), (11.6 mg, 0.01 mmol, 0.1 equiv.)
and Et;N (101.2 mg, 1.0 mmol, 10.0 equiv.) in DMF (1.0 mL). The reaction mixture was
run at 100 °C (oil bath) for 20 h without exclusion of air and moisture. Once completed,
water (5.0 mL) was added to quench the reaction. Then, the mixture was transferred a
separatory funnel with water (5.0 mL) and was washed with EtOAc (3x3 mL). The aqueous
phases were further extracted with EtOAc (2x5 mL). The combined organic phases were
dried over anhydrous Mg,SOy, filtered, and the volatiles were removed under reduced
pressure. The residue was purified by preparative TLC (eluent: petroleum ether/ethyl
acetate = 5/1), delivering the desired 2-aminobenzofuran 4 as colorless oil (24.8 mg, 0.076
mmol, 76%).

"H NMR (400 MHz, CDCl3): 6 7.69 (dd, J=7.9, 1.2 Hz, 1H), 7.60 (d, J = 1.8 Hz, 1H), 7.47
—7.45 (m, 1H), 7.26 — 7.23 (m, 1H), 6.66 — 6.65 (m, 1H), 3.27 (s, 1H), 2.37 (s, 1H) ppm.
13C NMR (100 MHz, CDCls3): & 151.37, 145.01, 134.15, 130.09, 129.44, 128.03, 127.67,
126.02, 123.61, 114.91, 98.91, 95.97, 36.25, 21.74 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Chemical Formula: C47H15N>03S: 327.0798; Found:
327.0799.



7. Mechanistic investigation

Use of 1,2-benzisoxazole for hydrophenoxylation

NC additive 3af (£:2)
ES 4 additive, toluene o E none not formed
N + N [ —" . ! .
o A Me 0 80 °C, 12 h, air Ho TS | 1 equiv. KoCOs trace
\ I 2.5mol% Pd(PPhs), | 94% (>20:1)
Ph  Me !
1a 2a° 3af i 2.5mol% Pt(PPhg), | 95% (>20:1)

A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of ynamide 1a (28.5 mg, 0.1 mmol, 1.0 equiv.), 1,2-benzisoxazole (2a, 17.9 mg, 0.15 mmol,
1.5 equiv.) and indicated additive in toluene (0.5 mL). The vial was closed with a screw cap
and stirred at 80 °C (oil bath) for 12 h under air. Once completion, the reaction mixture was
concentrated by a rotary evaporator under reduced pressure. The residue was subjected
to '"H NMR analysis with 1,3,5-trimethoxybenzene (5.6 mg, 0.03 mmol, 0.3 equiv.) as
internal standard.

Discussion: The above results shows that a catalytic amount of Pd(PPhs), or Pt(PPhs),
could promoted the same hydrophenoxylation reaction with comparable efficiency. Control
experiments (as below) reveals that both metal complexes can significantly mediate the
isomeric ring opening of 1,2-benzisoxazole to release 2-cyanophenol through initial N-O
oxidative addition, subsequent B-H elimination, and final reductive elimination.

2.5 mol% Ph(PPha). or Pt(PPh NC i TLC trace of reaction
N//\/©  Ph(PPha)s or PUPPRa)s :@ ! with Pt(PPh
o toluene, 80 °C, 12 h, air HO
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R: reaction mixture
C: mixture of 2a, and
reaction mixture



Nucleophilic competition reaction

Ts<y NC | TLC trace of
toluene (0.2 M) N-Me | reaction mixture
0 - KD
\ 80°C 12har H%,}I/Ts H%N/TS
h

Ph Me Ph Me
1a 2a 5 3af, 30% 6, not formed
intimate ion-pair ‘
NC
O_D intermolecular —@ hydrophenoxylation
H/ ——~ H I Al -
",.:.: 5 3af R
- ‘\_ ',’:l PG Pproton transfer ‘+
T “R hydroary/ation R: reaction mixture

gy gy Sy

A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of ynamide 1a (28.5 mg, 0.1 mmol, 1.0 equiv.), 2-cycnophenol (17.9 mg, 0.15 mmol, 1.5
equiv.), and N-methyl indole (5, 26.2 mg, 0.2 mmol, 2 equiv.) in toluene (0.5 mL). The vial
was closed with a screw cap and stirred at 80 °C (oil bath) for 12 h under air. Once
completion, TLC trace of the reaction mixture showed no formation of the hydroarylation
product 6. This result could be explained by the formation of intimate ion-pair between the
phenolate anion and cationic keteniminium species through intermolecular proton transfer
process. Thus, the nucleophilic attack of phenolate is highly favorable than indole attack.

1a

3af



Determination of by-product

(0}
O
ES toluene (0.2 M) Me Q .
~ + Mg ———————————— o + HJ\N/ S
=z Me 80 °C, 12 h, air |
Ph HO Hu 2N TS Ph  Me
)
Ph  Me
1a 2i 3ai 7
___________________________________ 20% yield, E/Z 1:1.1 24% yield
S
_< >_<O intermolecular _O—©—< hydrophenoxylation
H/O e —_— h & Me —l
‘\_ /= PG proton transfer  “=—g= ;\PG
R—=N<n R \*‘ R
hydration

__________________________

H-O-~ H (excess)

A dry 5 mL vial equipped with a Teflon™-coated stirring bar, was charged with a solution
of ynamide 1a (28.5 mg, 0.1 mmol, 1.0 equiv.) and 4-acetophenol 2i (20.4 mg, 0.15 mmol,
1.5 equiv.) in toluene (0.5 mL). The vial was closed with a screw cap and stirred at 80 °C
(oil bath) for 12 h under air. Once completed, aqueous NaOH (1 M, 0.15 mL) was added
to neutralize the unreacted phenols. Then, the mixture was transferred a separatory funnel
with water (10.0 mL) and was washed with EtOAc (3x3 mL). The aqueous phases were
further extracted with EtOAc (2x5 mL). The combined organic phases were dried over
anhydrous Mg,SO;, filtered, and the volatiles were removed under reduced pressure. The
residue was purified by preparative TLC (eluent: petroleum ether/ethyl acetate), yielding a
inseparable mixture of the hydrophenoxylated product 3ai and the hydrated by-product 7,
which was determined by 'H NMR analysis (red spectrum, below). Note: The green
spectrum above is the "TH NMR of authentic sample 7.
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8. pK, Calculation

Thermodynamics cycles? shown in Scheme S1 were applied to calculate relative pK;
values of phenols in toluene. The introduction of CH3;COOH as the reference can avoid the
difficulty of building a model for solvated proton theoretically. All calculations were
performed with Gaussian 09 program.® Phenols and the corresponding anions were

optimized using the B3LYP functional* with a standard 6-31G(d) basis set in gas phase.

AGg,s is obtained by using the CBS-QB3% method. AGsanation is calculated at the M05-2X

level of density functional theory with a standard 6-31G(d) basis set using SMD solvation
model (solvent = toluene).®

- AGgas -

HAgas + CH3COOgqs Agas + CH3COOHgas
'AGsoIvation 'AGsoIvatign A_Gsolvation AGsolvation
(HA) (CH5CO0) (A) (CH3COOH)

- AGyg -
HAq  + CH3COO ——> A+ CH3COOH,

AGgas = Ggas(A) + Ggas(CH3COOH) - Ggas(HA) - Ggas(CH3COO0)

AGtol = AGgas + AGsolvation(A) + AGsolvation(CH:SCOOH) - AGsolvatic)n(HA) - AGsolvation(CHSCOO)

relative pK, = AG,/2.303RT
absolute pK, = pKa(CH3COOH) + AGy, / 2.303RT where R = 8.314 J/(mol*K), T = 298.15 K

Scheme S1 Thermodynamic cycle used to calculate relative pK, values of phenols in

toluene.

Table S1 Relative pK, values of phenols to CH3;COOH in toluene.

substrate relative pK, (in toluene) substrate relative pK, (in toluene)

MeO.
j@ 8.0 /©\ 1.0
HO HO CN
CN
/@ 4.5 O 4.2
HO
MeOC COMe
2.68 1.8
Ho]ij HO/©/

11



Comparison of pK, between phenols and the cationic keteniminium species: For
cationic keteniminium species, the introduction of pyridine-H* as a reference, which is also
a cationic acid, is required to reduce the error due to the unsymmetry in charge distribution.

Phenol HA + CHCOO A+ CH3COOH

cationic

.
allene intermidate +  pyridine B +  pyridine-H

Scheme S2 Calculation model for thermodynamic cycle.

Table S2 Absolute pK, values of phenol and the cationic keteniminium species in DMSO
and MeCN.

absolute pK;, absolute pK;,
substrate substrate
in DMSO in MeCN in DMSO in MeCN
CH3;COOH 12.67 22.38 pyridine-H* 3.47 12.5°

H Ts
19.32 29.92 =N+ -5.82 3.22
HO/© PH Me

aAGgygs is calculated at the level of B3LYP/6-31G(d)//B2PLYPD3'9/6-311++G(d,p)

Our theoretical calculation indicates that the resulting cationic keteniminium is much more
acidic than e.g., phenol (at least 102® times in both solvents), which suggests that the initial
proton transfer process between these two substrates seems highly unfavorable.

12



9. Synthesis and characterization of products

(E)-N-(1-(2-cyanophenoxy)-2-phenylvinyl)-N,4-dimethylben-zenesulfonamide (3af)
Compound 3af was prepared following the General Procedure A with N,4-
Ts dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1 mmol)
N A and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a light yellow solid
o} (38.5 mg, 0.094 mmol, 94%). m.p.: 142-143 °C.

@[ H NMR (400 MHz, CDCl3): 6 7.75 (d, J = 7.6 Hz, 2H), 7.67 — 7.55 (m, 3H),

7.49 (d, J=7.3 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 7.30 — 7.17 (m, 4H), 5.70

(s, 1H), 3.06 (s, 3H), 2.40 (s, 3H) ppm.

13C NMR (100 MHz, CDCl3): & 157.28, 147.89, 144.32, 135.38, 134.82, 133.80, 132.37,

129.76, 128.81, 128.24, 128.13, 127.89, 124.56, 119.98, 115.62, 111.01, 104.92, 36.14,

21.70 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Chemical Formula: C,3H,1N203S: 405.1267; Found:

405.1269.

CN

(E)-N-(1-(2-cyanophenoxy)-2-phenylvinyl-2-d)-N,4-dimethylbenzenesulfonamide (3af-D)
Compound 3af-D was prepared following the General Procedure B with N,4-
Ts dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1 mmol)

ve N~ Sp  and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a light yellow solid
o] (31.5 mg, 0.078 mmol, 78% with 91% D).

@[ H NMR (400 MHz, CDCl3): 5 7.77 (d, J = 8.3 Hz, 2H), 7.66 — 7.59 (m, 3H),

7.52 -7.48 (m, 2H), 7.35 (dd, J = 8.2, 6.9 Hz, 2H), 7.30 — 7.26 (m, 3H), 7.25

—7.21 (m, 1H), 5.71 (s, 0.09H), 3.08 (s, 3H), 2.42 (s, 3H).

CN

(E)-N-(1-(4-cyanophenoxy)-2-phenylvinyl)-N,4-dimethyl-benzenesulfonamide (3ah)
Compound 3ah was prepared following the General Procedure A with
N,4-dimethyl-N-(phenylethynyl)benzenesul-fonamide (1a, 28.5 mg, 0.1

N mmol) and 4-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a light
o yellow solid (14.2 mg, 0.035 mmol, 35%). m.p.: 133-134 °C
/©/ "H NMR (400 MHz, CDCl3): 8 7.70 (d, J = 8.3 Hz, 2H), 7.67 — 7.63 (m,

NG 2H), 7.48 (m, 2H), 7.37 — 7.22 (m, 7H), 5.74 (s, 1H), 3.03 (s, 3H), 2.41 (s,

3H) ppm.

13C NMR (100 MHz, CDCl;): & 159.33, 147.84, 144.30, 135.74, 134.41, 132.35, 129.65,

128.86, 128.16, 128.04, 127.91, 119.98, 118.69, 111.26, 107.59, 36.35, 21.70 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for C,3H,1N203S: 405.1267; Found: 405.1268.

(E)-N,4-dimethyl-N-(1-(4-nitrophenoxy)-2-phenylvinyl)-benzenesulfonamide (3ak)
Compound 3ak was prepared following the General Procedure A with
N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1

Ts mmol) and 4-nitrophenol (20.9 mg, 0.15 mmol), and isolated as light

me "7 H yellow oil (27.2 mg, 0.064 mmol, 64%).

cr
O,N
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H NMR (400 MHz, CDCls): 5 8.20 — 8.12 (m, 2H), 7.70 (m, 2H), 7.37 — 7.29 (m, 4H), 7.28
—7.19 (m, 3H), 7.15 — 7.07 (m, 2H), 5.83 (s, 1H), 3.06 (s, 3H), 2.45 (s, 3H) ppm.

13C NMR (100 MHz, CDCl,): & 159.62, 144.63, 143.61, 143.10, 134.05, 132.46, 129.79,
128.74, 128.56, 128.18, 128.03, 125.86, 117.85, 113.24, 37.44, 21.72 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for CooH»N,05S: 425.1166; Found: 425.1168.

(E)-N,4-dimethyl-N-(1-(perfluorophenoxy)-2-phenylvinyl)benzenesulfonamide (3al)
Compound 3al was prepared following the General Procedure A with

Ts N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1
Me/'{l N mmol) and pentafluorophenol (27.6 mg, 0.15 mmol), and isolated as
F colorless oil (40.9 mg, 0.087 mmol, 87%).
F © H NMR (400 MHz, CDCl;): 8 7.81 (d, J = 8.1 Hz, 2H), 7.49 — 7.43 (m,
F F 2H), 7.34 — 7.27 (m, 4H), 7.27 — 7.23 (m, 1H), 5.57 (s, 1H), 3.17 (s, 3H),
F 2.42 (s, 3H) ppm.

13C NMR (100 MHz, CDCly): & 147.72, 144.38 (s), 143.09 — 142.95 (m), 140.58 — 140.39
(m), 139.72 — 139.41 (m), 138.16 — 137.86 (m), 137.19 — 136.90 (m), 135.24, 132.14,
129.65, 128.67, 128.42, 128.36, 127.88, 107.37, 35.88, 21.66 ppm.

19F NMR (376 MHz, CDCly): & -153.31 (d, J = 18.2 Hz, 2F), -158.37 (t, J = 21.9 Hz, 1F), -
161.12 (t, J = 19.8 Hz, 2F).

HRMS (ESI) m/z: [M+H]* Calcd. for CoH;7FsNO3S: 470.0844; Found: 470.0849.

(E)-N-(1-(2-cyano-4-(trifluoromethyl)phenoxy)-2-phenylvinyl)-N,4-dimethyl-
benzenesulfonamide (3am)
Compound 3am was prepared following the General Procedure A with
e N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1
N mmol) and 4-trifluoromethyl-2-cyanophenol (2m, 24.3 mg, 0.15
Me H mmol), and isolated as a light yellow solid (39.3 mg, 0.083 mmol,
/@[o 83%). m.p.: 138-139 °C
CF3 CN H NMR (400 MHz, CDCl;): 6 7.91 — 7.88 (m, 1H), 7.83 (dd, J = 9.0,
2.1 Hz, 1H), 7.79 (m, 1H), 7.73 — 7.68 (m, 2H), 7.55 — 7.50 (m, 2H), 7.42 — 7.36 (m, 2H),
7.34 —7.27 (m, 3H), 5.90 (s, 1H), 3.05 (s, 3H), 2.43 (s, 3H) ppm.
13C NMR (100 MHz, CDCls): d 160.34, 146.37, 144.62, 135.20, 131.70 (q, Jc.F = 3.4 Hz),
131.64, 131.16 (q, Jc.F = 3.7 Hz), 129.89, 128.98, 128.48, 128.36, 127.91, 126.46 (q, Jc-
F = 34.3 Hz), 122.95 (q, Jc.r = 271.8 Hz), 119.17 (s), 114.33 (s), 113.37 (s), 104.60 (s),
36.30 (s), 21.69 (s) ppm.
19F NMR (376 MHz, CDCly): d -62.27 (s, 3F) ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C4H20F3N203S: 473.1141; Found: 473.1141.

(E)-N-(1-(4-bromo-2-cyanophenoxy)-2-phenylvinyl)-N,4-dimethylbenzenesul-fonamide
(3an)
Compound 3an was prepared following the General Procedure A with

Ts N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1
|
Me VN S mmol) and 4-bromo-2-cyanophenol (2n, 26.0 mg, 0.15 mmol), and
: o) isolated as a light yellow solid (38.2 mg, 0.079 mmol, 79%). m.p.: 122—
Br CN 14



123 °C

"H NMR (400 MHz, CDCl3): 6 7.68 — 7.60 (m, 4H), 7.46 (d, J = 9.0 Hz, 1H), 7.43 - 7.39 (m,
2H), 7.29 (id, J = 6.8, 6.4, 1.6 Hz, 2H), 7.21 (d, J = 7.9 Hz, 3H), 5.67 (s, 1H), 2.98 (s, 3H),
2.35 (s, 3H) ppm.

13C NMR (100 MHz, CDCl3): 6 156.66, 147.61, 144.47, 137.88, 135.88, 135.34, 132.00,
129.82, 128.89, 128.25, 128.13, 128.01, 121.41, 116.50, 114.23, 111.59, 106.44, 36.21,
21.71 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Co3H20BrN,O3S: 483.0373; Found: 483.0378.

(E)-N-(1-(2-cyano-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy)-2-
phenylvinyl)-N,4-dimethylbenzenesulfonamide (3ao)
Compound 3ao was prepared following the General Procedure A
with  N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a,

LS P 28.5 mg, 0.1 mmol) and 2-hydroxy-5-(4,4,5,5-tetramethyl-1,3,2-
Me” H  dioxaborolan-2-yl)benzonitrile (20, 36.8 mg, 0.15 mmol), and
/@io isolated as a white solid (16.5 mg, 0.031 mmol, 31%). m.p.: 159—

Me O\B CN 160 °C.
Meﬁ/(l) TH NMR (400 MHz, CDCl;): 8 8.07 (d, J = 1.5 Hz, 1H), 7.99 (dd,
Me" Me J=8.5,1.6 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.5 Hz,

2H), 7.53 — 7.47 (m, 2H), 7.39 — 7.32 (m, 2H), 7.30 — 7.23 (m, 3H), 5.76 (s, 1H), 3.06 (s,
3H), 2.41 (s, 3H), 1.34 (s, 12H) ppm.

13C NMR (100 MHz, CDCl3): & 159.49, 147.13, 144.34, 140.93, 140.66, 135.33, 132.24,
129.78, 128.83, 128.30, 128.09, 128.01, 118.52, 115.54, 111.95, 104.29, 84.61, 36.16,
24.95, 21.69 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for CogH3,BN,OsS: 531.2119; Found: 531.2126.

(E)-N-(1-((2-cyanopyridin-3-yl)oxy)-2-phenylvinyl)-N,4-dimethylbenzenesul-fonamide
(3ap)
Compound 3ap was prepared following the General Procedure A with N,4-
dimethyl-N-(phenylethynyl)benzenesulfonamide (1a, 28.5 mg, 0.1 mmol)
/;lj _— and 2-cyano-3-hydroxypyridine (2p, 18.0 mg, 0.15 mmol), and isolated as
° o a white solid (26.8 mg, 0.066 mmol, 66%). m.p.: 122—-123 °C

] H NMR (400 MHz, CDCl5): 5 8.45 - 8.38 (m, 1H), 8.00 (dd, J = 8.7, 1.0 Hz,

N" CN 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.48 (ddt, J = 8.7, 4.5, 0.5 Hz, 1H), 7.45 —

7.41 (m, 2H), 7.35 - 7.27 (m, 2H), 7.25 - 7.21 (m, 3H), 5.71 (s, 1H), 2.98 (s, 3H), 2.36 (s,
3H) ppm.
13C NMR (100 MHz, CDCl3): & 155.68, 147.34, 146.23, 144.70, 135.20, 131.68, 129.91,
128.97, 128.38, 128.34, 128.27, 127.90, 127.37, 125.43, 114.53, 112.03, 36.31, 21.71.
HRMS (ESI) m/z: [M+H]* Calcd. for CooH20N303S: 406.1220; Found: 406.1217 ppm.

(E)-N-(1-(2-cyanophenoxy)-2-(4-methoxyphenyl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3bf)

Compound 3bf was prepared following the General Procedure A with N-[2-(4-
methoxyphenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1b, 131.5 mg, 0.1 mmol) and
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OCHs 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as light yellow oil (19.6
mg, 0.045 mmol, 45%).

H NMR (400 MHz, CDCl3): 8 7.75 (d, J = 8.1 Hz, 2H), 7.64 — 7.53 (m, 3H),

' 7.45 (d, J=8.7 Hz, 2H), 7.26 (d, J= 9.0 Hz, 2H), 7.22 — 7.15 (m, 1H), 5.71

N~

Me ! H (s, 2H), 3.80 (s, 1H), 3.06 (s, 3H), 2.40 (s, 3H) ppm.

©: 13C NMR (100 MHz, CDCls): & 159.34, 157.68, 146.04, 144.25, 135.40,
CN 134.74, 133.78, 129.75, 129.59, 128.12, 124.70, 124.20, 119.48, 115.69,

114.27, 111.71, 104.61, 55.39, 35.99, 21.69 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C4H23N20,4S: 435.1373; Found: 435.1378.

(E)-N-(2-(4-(tert-butyl)phenyl)-1-(2-cyanophenoxy)vinyl)-N,4-dimethylbenzene-
sulfonamide (3cf)
gy Compound 3cf was prepared following the General Procedure A with N-[2-
[4-(1,1-dimethylethyl)phenyllethynyl]-N,4-dimethylbenzenesulfonamide (1c,
34.1 mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated
' as white solid (39.2 mg, 0.085 mmol, 85%). m.p.: 124-125 °C.
5 H NMR (400 MHz, CDCl3): 6 7.76 (d, J = 8.1 Hz, 2H), 7.64 — 7.54 (m, 3H),
©: 7.46 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H),
CN 7.64 — 7.54 (m, 1H), 5.72 (s, 1H), 3.08 (s, 3H), 2.40 (s, 3H), 1.31 (s, 9H)
ppm.
13C NMR (100 MHz, CDCl3): & 157.59, 151.09, 147.02, 144.25, 135.42, 134.73, 133.76,
129.75, 129.31, 128.15, 128.00, 125.79, 124.30, 119.64, 115.66, 111.58, 104.67, 36.11,
34.73, 31.33, 21.70 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C7H29N,03S: 461.1893; Found: 461.1918.

(E)-N-(2-(4-(tert-butyl)phenyl)-1-(2-cyanophenoxy)vinyl-2-d)-N,4-
dimethylbenzenesulfonamide (3cf-D)
Bu  Compound 3cf-D was prepared following the General Procedure B with N-
[2-[4-(1,1-dimethylethyl)phenyllethynyl]-N,4-dimethylbenzenesulfonamide
Te (34.1 mg, 0.1 mmol) and 2-cyanophenol-D (17.9 mg, 0.15 mmol), and
Me/;h Ny isolated as a white solid (37.4 mg, 0.081 mmol, 81% with 76% D).
0 TH NMR (400 MHz, CDCl,): 8 7.77 (d, J = 8.3 Hz, 2H), 7.65 — 7.57 (m, 3H),
©: 7.49 —7.45 (m, 2H), 7.41 — 7.36 (m, 2H), 7.30 — 7.26 (m, 2H), 7.24 - 7.18
CN (m, 1H), 5.73 (s, 0.24H), 3.09 (s, 3H), 2.42 (s, 3H), 1.32 (s, 9H).

(E)-N-(1-(2-cyanophenoxy)-2-(4-fluorophenyl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3df)
F Compound 3df was prepared following the General Procedure A with N-
[2-(4-fluorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1d, 30.3
Ts mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as
Me/r{j N, @ light yellow solid (18.6 mg, 0.044 mmol, 44%). m.p.: 119-120 °C.
0 TH NMR (400 MHz, CDCl3): 6 7.77 (d, J = 8.4 Hz, 2H), 7.66 — 7.59 (m, 2H),
©: 7.57 -7.52 (m, 1H), 7.52 — 7.46 (m, 2H), 7.31 = 7.20 (m, 3H), 7.07 — 6.99
CN (m, 2H), 5.68 (s, 1H), 3.09 (d, J = 0.4 Hz, 3H), 2.41 (s, 3H) ppm.
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13C NMR (100 MHz, CDCly): 162.22 (d, Jo.r = 248.1 Hz), 157.04, 147.73, 144.45, 135.19,
134.90, 133.89, 129.97 (d, Jo.r = 8.0 Hz), 129.81, 128.54 (d, Jo.r = 3.0 Hz), 128.16,
124.77, 120.05, 115.77 (d, Je-r = 21.5 Hz), 115.56, 110.13, 105.08, 36.01, 21.69 ppm.
19F NMR (376 MHz, CDCl3): & -90.53 — -130.22 (m) ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Co3Ha0FN,03S: 423.1173; Found: 423.1172.

(E)-N-(1-(2-cyanophenoxy)-2-(3-fluorophenyl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3ef)
F Compound 3ef was prepared following the General Procedure A with N-
[2-(3-fluorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1e, 30.3
{ mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated

N~
Me 5 H as a white solid (30.0 mg, 0.071 mmol, 71%). m.p.: 130-131 °C.
©: H NMR (400 MHz, CDCl): 8 7.77 (d, 2H), 7.64 (s, 2H), 7.56 (d, J = 8.2
CN Hz, 1H), 7.33 - 7.23 (m, 5H), 7.19 (d, J = 10.4 Hz,1H), 6.94 (t, J= 7.6

Hz, 1H), 5.62 (s, 1H), 3.11 (s, 3H), 2.41 (s, 3H) ppm.

13C NMR (100 MHz, CDCl): 5 162.95 (d, Jo.r = 245.2 Hz), 156.76, 149.03, 144.47, 135.17,
134.90, 134.70 (d, Jo.r = 8.2 Hz), 133.88, 130.19 (d, Jo.r = 8.5 Hz), 129.80, 128.17, 124.98,
124.01 (d, Jor = 2.1 Hz), 120.41, 115.46, 114.78 (d, Jor = 42.9 Hz), 114.77, 109.44,
105.30, 36.09, 21.70 ppm.

19F NMR (376 MHz, CDCly): 5 -112.65 — -112.69 (m) ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Co3HaoFN,03S: 423.1173; Found: 423.1173.

(E)-N-(1-(2-cyanophenoxy)-2-(2-fluorophenyl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3ff)
Compound 3ff was prepared following the General Procedure A with N-
[2-(2-fluorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1f, 30.3

LS P F mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as

Me™ H  a white solid (38.9 mg, 0.092 mmol, 92%). m.p.: 127-128 °C.
©:O TH NMR (400 MHz, CDCl;): 5 7.89 (t, J= 7.5 Hz, 1H), 7.76 (d, J = 7.8 Hz,
CN 2H), 7.64 (t, Jo.r = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 1H), 7.32 = 7.14 (m,

5H), 7.01 (t, J = 9.2 Hz, 1H), 5.86 (s, 1H), 3.08 (s, 3H), 2.42 (s, 3H) ppm.

13C NMR (100 MHz, CDCl3): 5 159.88 (d, Jc. = 248.6 Hz), 156.88, 149.17, 144.38, 135.24,
134.83, 133.88, 129.76, 129.31 (d, Jo.r = 8.4 Hz), 128.81 (d, Jor = 1.2 Hz), 128.12,
124.85, 12457 (d, Jo.r = 3.1 Hz), 120.54 (d, Jo.r = 12.2 Hz), 120.16, 115.48, 115.26,
105.15, 102.47 (d, Jo.r = 6.1 Hz), 36.13, 21.68 ppm.

19F NMR (376 MHz, CDCl3) & -115.93 — -116.04 (m) ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for C3Ha0FN,03S: 423.1173; Found: 423.1187.

(E)-N-(1-(2-cyanophenoxy)-2-(2-fluorophenyl)vinyl-2-d)-N,4-
dimethylbenzenesulfonamide(3ff-D)
Compound 3ff-D was prepared following the General Procedure B with
Te . N-[2-(2-fluorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1f, 30.3
Me/rh D mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as
a white solid (36.8 mg, 0.087 mmol, 87% with 84% D).

Cr,
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H NMR (400 MHz, CDCly): & 7.89 (s, 1H), 7.76 (s, 2H), 7.61 (d, J = 26.9 Hz, 3H), 7.32 —
7.15 (m, 5H), 7.00 (s, 1H), 5.86 (s, 0.16H), 3.08 (s, 3H), 2.42 (s, 3H).

(E)-N-(2-(4-chlorophenyl)-1-(2-cyanophenoxy)vinyl)-N,4-dimethylbenzenesul-fonamide
(3df)
cl Compound 3gf was prepared following the General Procedure with A N-

[2-(4-chlorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1g, 32.0
mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as
a white solid (32.5 mg, 0.074 mmol, 74%). m.p.: 108—109 °C.
5 H NMR (400 MHz, CDCl3): 6 7.69 (d, J = 8.1 Hz, 2H), 7.56 (t, J = 7.9 Hz,

©: 2H), 7.47 (d, J=8.3 Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.25—-7.13 (m, 5H),

CN 5.56 (s, 1H), 3.01 (s, 3H), 2.34 (s, 3H) ppm.

13C NMR (100 MHz, CDCl3): & 156.85, 148.49, 144.47, 135.17, 134.90, 133.89, 133.46,
131.03, 129.80, 129.46, 128.94, 128.14, 124.91, 120.28, 36.04, 21.70 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C,3H20CIN,03S: 439.0878; Found: 439.0901.

Ts

|
_N
Me 7 H

(E)-N-(2-(4-chlorophenyl)-1-(2-cyanophenoxy)vinyl-2-d)-N,4-
dimethylbenzenesulfonamide (3gf-D)
Compound 3gf-D was prepared following the General Procedure B with N-
[2-(4-chlorophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1g, 32.0 mg,
0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a white
' solid (24.6 mg, 0.056 mmol, 56% with 76% D).
Me o ® 1HNMR (400 MHz, CDCl3): 6 7.77 (dd, J=5.7,2.4 Hz, 2H), 7.69 - 7.61 (m,
@[ 2H), 7.55 (d, J = 8.2 Hz, 1H), 7.46 — 7.40 (m, 2H), 7.30 (ddd, J = 13.4, 6.7,
CN 4.7 Hz, 5H), 5.63 (d, J = 1.9 Hz, 0.24H), 3.09 (d, J = 2.2 Hz, 3H), 2.43 (d, J
= 3.4 Hz, 3H).

Cl

(E)-N-(2-(4-bromophenyl)-1-(2-cyanophenoxy)vinyl)-N,4-dimethylbenzenesul-fonamide
(3hf)
Br Compound 3hf was prepared following the General Procedure A with N-[2-
(4-bromophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1h, 36.4 mg,
Ts 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a light
N~ yellow solid (39.8mg, 0.086 mmol, 86%). m.p.: 122-123 °C.

Me o : H NMR (400 MHz, CDCl3): 5 7.74 (d, J = 8.1 Hz, 2H), 7.62 (t, J = 7.5 Hz,
©: 2H), 7.51 (d, J = 8.6 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz,
CN 2H), 7.29 — 7.20 (m, 3H), 5.60 (s, 1H), 3.07 (s, 3H), 2.40 (s, 3H) ppm.
13C NMR (100 MHz, CDCl3): & 156.76, 148.51, 144.54, 135.09, 134.98, 134.49, 133.92,
133.12, 131.88, 131.52, 129.83, 129.76, 128.13, 125.00, 121.65, 120.56, 120.33, 115.50,

109.62, 105.20, 36.03, 21.72 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C,3H0BrN2,O3S: 483.0373; Found: 483.0401.

(E)-N-(1-(2-cyanophenoxy)-2-(4-iodophenyl)vinyl)-N,4-dimethylbenzenesul-fonamide (3if)
| Compound 3if was prepared following the General Procedure A with N-
[2-(4-iodophenyl)ethynyl]-N,4-dimethylbenzenesulfonamide (1i, 41.1 mg,
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0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a white solid (41.5
mg, 0.075 mmol, 75%). m.p.: 126—-127 °C.

H NMR (400 MHz, CDCl;): 8 7.75 (d, J = 8.4 Hz, 2H), 7.66 — 7.59 (m, 2H), 7.56 — 7.50 (m,
1H), 7.46 — 7.42 (m, 2H), 7.37 — 7.32 (m, 2H), 7.30 — 7.22 (m, 3H), 5.60 (s, 1H), 3.07 (s,
3H), 2.41 (s, 3H) ppm.

13C NMR (100 MHz, CDCl3): & 156.83, 148.62, 144.47, 135.20, 134.90, 133.89, 131.90,
131.51, 129.80, 128.14, 124.93, 121.67, 120.34, 115.48, 109.56, 105.27, 36.05, 21.72

HRMS (ESI) m/z: [M+H]* Calcd. for C,3H20IN203S: 531.0234; Found: 531.0237.

(E)-4-(2-(2-cyanophenoxy)-2-((N,4-dimethylphenyl)-sulfonamido)vinyl)benzoate (3jf)
Compound 3jf was prepared following the General Procedure A with
methyl 4-[2-[methyl[(4-methylphenyl)sulfonyllamino]ethynyllbenzoate (1j,
34.3 mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated

Ts as a light yellow solid (36.6 mg, 0.079 mmol, 79%). m.p.: 118-119 °C.

TH NMR (400 MHz, CDCl3): 5 8.03 — 7.96 (m, 2H), 7.79 (d, J = 6.9 Hz, 2H),

o) 7.70 - 7.63 (m, 2H), 7.60 — 7.52 (m, 3H), 7.30 (d, J = 7.3 Hz, 3H), 5.67 (s,

©: 1H), 3.92 (s, 3H), 3.12 (s, 3H), 2.42 (s, 3H) ppm.

CN 13C NMR (100 MHz, CDCl3): d 166.96, 156.52, 149.86, 144.58, 137.44,
135.08, 135.03, 134.48, 133.94, 133.16, 130.01, 129.85, 128.95, 128.16, 128.08, 125.24,
120.67, 120.53, 115.43, 109.14, 105.41, 52.30, 36.14, 21.70 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for C5H23N205S: 463.1332; Found: 463.1346.

MeO 0]

|
_N
Me & H

(E)-N-(1-(2-cyanophenoxy)-2-(4-formylphenyl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3kf)
Compound 3kf was prepared following the General Procedure A with N-
= ((4-formylphenyl)ethynyl)-N,4-dimethylbenzenesulfonamide (1k, 31.3 mg,
0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a
Ts white solid (30.7 mg, 0.071 mmol, 71%). m.p.: 130-131 °C.
Me/lil N H NMR (400 MHz, CDCl3): 5 9.98 (s, 1H), 7.82 (dd, J = 20.1, 7.2 Hz, 4H),
0 7.71-7.61(m, 4H), 7.55 (d, J=8.2 Hz, 1H), 7.30 (d, J = 5.9 Hz, 3H), 5.65

©: (s, 1H), 3.12 (s, 3H), 2.43 (s, 3H) ppm.

CN 13C NMR (100 MHz, CDCl3): d 191.77, 156.33, 150.52, 144.64, 139.14,
135.21, 135.01, 133.97, 130.14, 129.85, 128.64, 128.18, 125.39, 120.81, 115.33, 108.74,
105.61, 36.14, 21.70 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Co4H21N204S: 433.1217; Found: 433.1234.

(E)-N-(1-(2-cyanophenoxy)-2-(4-cyanophenyl)vinyl)-N,4-dimethylbenzene-sulfonamide
(3If)
Compound 3If was prepared following the General Procedure A with N-((4-
cN  cyanophenyl)ethynyl)-N,4-dimethylbenzenesulfonamide (11, 31.0 mg, 0.1
mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as light
yellow oil (27.5 mg, 0.064 mmol, 64%).
H NMR (400 MHz, CDCl3): 5 7.79 (d, J = 8.0 Hz, 2H), 7.68 (t, J = 7.9 Hz,

CN



2H), 7.63 — 7.55 (m, 4H), 7.52 (d, J = 8.4 Hz, 1H), 7.32 (t, J = 7.3 Hz, 3H), 5.58 (s, 1H),
3.12 (s, 3H), 2.44 (s, 3H) ppm.

13C NMR (100 MHz, CDCl;): & 156.10, 150.80, 144.77, 137.70, 135.08, 134.82, 134.04,
132.47, 129.90, 128.65, 128.21, 125.60, 120.96, 118.94, 115.28, 110.77, 108.11, 105.74,
36.08, 21.73 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for Co4H20N303S: 430.1220; Found: 430.1221.

(E)-N-(1-(2-cyanophenoxy)-2-(4-(trifluoromethyl)phenyl)vinyl)-N,4-dimethyl-
benzenesulfonamide (3mf)
CF4 Compound 3mf was prepared following the General Procedure A with N,4-
dimethyl-N-((4-(trifluoromethyl)phenyl)-ethynyl)benzenesulfonamide  (1m,
35.3 mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated
js P as a light yellow solid (33.1 mg, 0.07mmol, 70%). m.p.: 138-139 °C.
Me H' 1H NMR (400 MHz, CDCl3): & 7.74 (d, J = 7.7 Hz, 2H), 7.64 (t, J = 8.2 Hz,
©:O 2H), 7.58 — 7.50 (m, 5H), 7.27 (d, J = 7.0 Hz, 3H), 5.63 (s, 1H), 3.09 (s, 3H),
CN 2.40 (s, 3H) ppm.
13C NMR (100 MHz, CDCl3): & 156.48, 149.96, 144.57, 136.37, 135.07, 134.97, 133.94,
129.81,129.37 (q, Jor = 32.6 Hz), 128.36, 128.15, 125.64 (q, Jc.¢= 3.5 Hz), 125.25, 124.14
(9, Jor = 271.7 Hz), 120.70, 115.39, 108.70, 105.53, 36.11, 21.68 ppm.
19F NMR (376 MHz, CDCl3): d -62.50 (s, 3F) ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for Cy4H20F3N203S: 473.1141; Found: 473.1163.

(E)-N-(1-(2-cyanophenoxy)-2-(thiophen-2-yl)vinyl)-N,4-dimethylbenzenesul-fonamide
(3nf)
— Compound 3nf was prepared following the General Procedure with N,4-

Ts dimethyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (1n, 29.1 mg, 0.1

Me N~ Sy mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as a light
o] yellow solid (28.4 mg, 0.069 mmol, 69%). m.p.: 122—-123 °C.

©: H NMR (400 MHz, CDCl;): 5 7.81 (d, J = 7.8 Hz, 2H), 7.63 (d, J = 5.8 Hz,

N 2H), 7.51(d, J = 8.7 Hz, 1H), 7.34 — 7.22 (m, 4H), 6.98 (s, 2H), 6.01 (s,

1H), 3.18 (s, 3H), 2.42 (s, 3H) ppm.
13C NMR (100 MHz, CDCl;): d 156.98, 146.03, 144.44, 135.05, 134.91, 133.95, 129.76,
128.43, 128.29, 127.07, 126.76, 124.79, 119.85, 115.38, 107.67, 105.02, 35.83, 21.70

ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C21H19N203S,: 411.0832; Found: 411.0832.

(E)-N-(1-(2-cyanophenoxy)hept-1-en-1-yl)-N,4-dimethyl-benzenesulfonamide (3of)
Ts Me Compound 3of was prepared following the General Procedure A with
/’{l\'/fl-l\/\ N-(hept-1-yn-1-yl)-N,4-dimethyl-benzenesulfonamide (10, 27.9 mg,
0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as

@[O light yellow oil (33.9 mg, 0.085 mmol, 85%).

CN 1H NMR (400 MHz, CDCly): 5 7.74 (d, J = 8.3 Hz, 2H), 7.61 — 7.54
(M, 2H), 7.36 (d, J = 9.0 Hz, 1H), 7.30 — 7.24 (m, 2H), 7.18 (t, J = 7.6 Hz, 1H), 4.90 (t, J =
7.5 Hz, 1H), 3.07 (s, 3H), 2.40 (s, 3H), 2.26 (q, J = 7.4 Hz, 2H), 1.44 — 1.35 (m, 2H), 1.34
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—1.25 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H) ppm.

13C NMR (100 MHz, CDCl;): d 157.58, 146.02, 144.01, 135.30, 134.51, 133.81, 129.71,
128.04, 124.07, 119.34, 115.67, 114.23, 104.87, 36.07, 31.59, 28.84, 26.90, 22.52, 21.65,
14.13 ppm.

HRMS (ESI) m/z: [M+H]* Calcd. for CoH27N,03S: 399.1737; Found: 399.1737.

(E)-N-(1-(2-cyanophenoxy)hept-1-en-1-yl-2-d)-N,4-dimethylbenzenesulfonamide (30of-D)
T e Compound 3of-D was prepared following the General Procedure B
N\((\/\ with N-(hept-1-yn-1-yl)-N,4-dimethyl-benzenesulfonamide (10, 27.9
o P mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and
@[ isolated as light yellow oil (33.9 mg, 0.085 mmol, 85% with 100% D).
CN TH NMR (400 MHz, CDCl3): 6 7.74 (d, J = 8.3 Hz, 2H), 7.60 — 7.55
(m, 2H), 7.36 (dd, J = 9.1, 0.7 Hz, 1H), 7.29 — 7.25 (m, 2H), 7.20 — 7.15 (m, 1H), 3.06 (s,
3H), 2.40 (s, 3H), 2.30 — 2.22 (m, 2H), 1.42 — 1.28 (m, 6H), 0.89 (t, J = 6.8 Hz, 3H).

(E)-N-(1-(2-cyanophenoxy)-2-phenylvinyl)-4-methyl-N-(thiophen-2-yl)benzene-
sulfonamide (3pf)
Compound 3pf was prepared following the General Procedure A with 4-
e methyl-N-(phenylethynyl)-N-(thiophen-3-yl)benzenesulfonamide (1p, 35.3
@,L, N mg, 0.1 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as
s 0 a white solid (18.9 mg, 0.04 mmol, 40%). m.p.: 128-129 °C.
@[ H NMR (400 MHz, CDCl3): 6 7.77 (d, J = 8.3 Hz, 1H), 7.66 (t, J = 8.0 Hz,
CN 2H), 7.57 (d, J=7.6 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.37 — 7.23 (m, 5H),
7.14 (d, J = 8.2 Hz, 3H), 7.05 (dd, 1H), 5.81 (s, 1H), 2.37 (s, 3H) ppm.
13C NMR (100 MHz, CDCl3): & 157.60, 147.18, 144.57, 135.89, 135.17, 134.98, 133.58,
132.00, 128.60, 128.51, 128.13, 128.04, 125.43, 125.11, 124.63, 120.68, 119.87, 115.70,
112.77, 104.93, 21.73 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C6H21N203S,: 473.0988; Found: 473.1002.

(E)-N-(1-(2-cyanophenoxy)-2-phenylvinyl)-N-methylbenzene-sulfonamide (3qf)
Compound 3gf was prepared following the General Procedure A with N-
methyl-N-(phenylethynyl)benzenesulfonamide (1q, 27.1 mg, 0.1 mmol)

Me and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as colorless oil
Pho,s” " “H  (26.6 mg, 0.068 mmol, 68%).

0 H NMR (400 MHz, CDCl3): 8 7.93 — 7.86 (m, 2H), 7.67 — 7.57 (m, 4H),

©:CN 7.50 (t, J = 7.1 Hz, 4H), 7.39 — 7.32 (m, 2H), 7.30 — 7.21 (m, 2H), 5.74

(s, 1H), 3.10 (s, 3H) ppm.
13C NMR (100 MHz, CDCls): d 157.22, 147.72, 138.41, 134.83, 133.85, 133.40, 132.32,
129.17, 128.85, 128.26, 128.07, 127.97, 124.62, 119.92, 115.57, 111.10, 104.94, 36.25

ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C;,H19N203S: 391.1111; Found: 391.1109.

N-((E)-1-(2-cyanophenoxy)-2-phenylvinyl)-N-(5-((N-((E)-1-(2-cyanophenoxy)-2-
phenylvinyl)-4-methylphenyl)-sulfonamido)pentyl)-4-methylbenzenesulfonamide (3rf)
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cN  Compound 3rf was prepared following the General

@ IN\/\/\/NI Procedure A with N,N'-(pentane-1,5-diyl)bis(4-methyl-
N-(phenylethynyl)benzene-sulfonamide) (1r, 30.7 mg,

0.05 mmol) and 2-cyanophenol (17.9 mg, 0.15 mmol), and isolated as light yellow oil (36.8
mg, 0.043 mmol, 87%).
H NMR (400 MHz, CDCl;): 6 7.67 (d, J = 7.7 Hz, 4H), 7.55 (d, J = 14.0 Hz, 6H), 7.41 (d,
J=7.2Hz, 4H), 7.25 - 7.10 (m, 12H), 5.72 (s, 2H), 3.06 (t, J = 6.7 Hz, 4H), 2.31 (s, 6H),
1.47 — 1.05 (m, 4H), 0.94 — 0.69 (m, 2H) ppm.
13C NMR (100 MHz, CDCl3): & 157.29, 145.98, 144.27, 136.25, 134.88, 133.74, 132.36,
129.74, 128.67, 128.37, 128.18, 127.94, 124.60, 120.12, 115.57, 112.81, 105.15, 48.62,
27.36, 23.84, 21.68 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C49H45N404S,: 849.2775; Found: 849.2767.

N,N'-((1E,1'E)-((2,3-dicyano-1,4-phenylene)-bis(oxy))bis(2-phenylethene-1,1-
diyl))bis(N,4-dimethylbenzenesulfonamide) (3aq)
Compound 3aq was prepared following the General Procedure
A with N,4-dimethyl-N-(phenylethynyl)benzenesulfonamide (1a,
:©/ ﬁ)\Ph 28.5 mg, 0.1 mmol) and 3,6-dihydroxyphthalonitrile (1q, 12.0 mg,
0.075 mmol), and isolated as a white solid (19 mg, 0.026 mmol,
26%). m.p.: 100-101 °C.
Ph Ts TH NMR (400 MHz, CDCl;): 6 7.85 (s, 1H), 7.69 — 7.65 (m, 2H),
7.41-7.37 (m, 2H), 7.31 - 7.19 (m, 6H), 5.73 (s, 1H), 2.96 (s, 3H), 2.38 (s, 3H) ppm.
13C NMR (100 MHz, CDCl3): & 154.34, 147.52, 144.70, 135.20, 131.58, 129.94, 128.95,

128.37, 128.26, 127.98, 126.15, 112.16, 111.94, 107.45, 36.28, 21.73 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C4oH35N406S,: 731.1993; Found: 731.1987.

N-(1-(2-bromo-6-cyanophenoxy)vinyl)-N,4-dimethylbenzene-sulfonamide (3rr)
. Compound 3rr was prepared following the General Procedure A with N-
Oc N ethynyl-N,4-dimethylbenzenesulfonamide (1r, 40.6 mg, 0.1 mmol) and
Ts 6-bromo-2-cyanophenol (2r, 17.9 mg, 0.15 mmol), and isolated as a
CN light yellow solid (24.8 mg, 0.076 mmol, 76%). m.p.: 142—-143 °C.
H NMR (400 MHz, CDCl3): 6 7.86 (d, J = 8.0 Hz, 2H), 7.78 (ddd, J = 8.1, 1.5, 1.0 Hz, 1H),
7.56 (ddd, J=7.7,1.5,1.0 Hz, 1H), 7.26 (d, J = 8.2 Hz, 2H), 7.14 (td, J = 8.1, 1.0 Hz, 1H),
4.55 (dd, J= 3.6, 1.0 Hz, 1H), 3.71 (dd, J = 3.6, 0.9 Hz, 1H), 3.24 (s, 3H), 2.36 (s, 3H) ppm.
13C NMR (100 MHz, CDCl3): & 152.07, 151.83, 144.10, 138.85, 135.16, 133.24, 129.75,
128.38, 127.38, 118.42, 114.71, 109.45, 89.21, 35.67, 21.70 ppm.
HRMS (ESI) m/z: [M+H]* Calcd. for C47H16BrN2,O3S: 407.0060; Found: 407.0062.

Br
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10.Copies of NMR spectra

H NMR of 3af (400 MHz, CDCl5)
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13C NMR of 3af (100 MHz, CDCl;)
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H NMR of 3af-D (400 MHz, CDCl;)
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H NMR of 3ah (400 MHz, CDCl3)
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13C NMR of 3ah (100 MHz, CDCl5)
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H NMR of 3ak (400 MHz, CDCl,)
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13C NMR of 3ak (100 MHz, CDCl3)
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H NMR of 3al (400 MHz, CDCl3)
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13C NMR of 3al (100 MHz, CDCls)
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19F NMR of 3al (376 MHz, CDCl5)
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H NMR of 3am (400 MHz, CDCl5)
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13C NMR of 3am (100 MHz, CDCl3)
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19F NMR of 3am (376 MHz, CDCls)
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H NMR of 3an (400 MHz, CDCls)
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13C NMR of 3an (100 MHz, CDCl5)
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H NMR of 3ao (400 MHz, CDCls)
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13C NMR of 3ao (100 MHz, CDCl5)
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H NMR of 3ap (400 MHz, CDCl5)
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13C NMR of 3ap (100 MHz, CDCl5)
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H NMR of 3bf (400 MHz, CDCl3)
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13C NMR of 3bf (100 MHz, CDCl5)
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H NMR of 3cf (400 MHz, CDCl3)
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13C NMR of 3cf (100 MHz, CDCl;)
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H NMR of 3cf-D (400 MHz, CDCl;)
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H NMR of 3df (400 MHz, CDCl3)
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13C NMR of 3df (100 MHz, CDCl5)
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19F NMR of 3df (376 MHz, CDCl3)
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H NMR of 3ef (400 MHz, CDCl5)
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13C NMR of 3ef (100 MHz, CDCl;)
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19F NMR of 3ef (376 MHz, CDCl5)
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H NMR of 3ff (400 MHz, CDCl5)
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13C NMR of 3ff (100 MHz, CDCl5)
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19F NMR of 3ff (376 MHz, CDCls)
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H NMR of 3ff-D (400 MHz, CDCl;)
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H NMR of 3gf (400 MHz, CDCls)
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13C NMR of 3gf (100 MHz, CDCl5)
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H NMR of 3gf-D (400 MHz, CDCl,)
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H NMR of 3hf (400 MHz, CDCl3)
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13C NMR of 3hf (100 MHz, CDCl3)
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H NMR of 3if (400 MHz, CDCl,)
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13C NMR of 3if (100 MHz, CDCl5)
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H NMR of 3jf (400 MHz, CDCl,)
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13C NMR of 3jf (100 MHz, CDCl,)
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H NMR of 3kf (400 MHz, CDCl5)
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13C NMR of 3kf (100 MHz, CDCl3)
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H NMR of 3If (400 MHz, CDCl,)
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13C NMR of 3If (100 MHz, CDCl5)
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H NMR of 3mf (400 MHz, CDCl,)
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13C NMR of 3mf (100 MHz, CDCl5)
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19F NMR of 3mf (376 MHz CDCls)
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H NMR of 3nf (400 MHz, CDCls)
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13C NMR of 3nf (100 MHz, CDCl3)

74

20 10

30

130 120 "o 100 50 80 T0 60
1 (ppm)

140

160

170



H NMR of 3of (400 MHz, CDCl5)
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13C NMR of 3of (100 MHz, CDCl3)
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"H NMR of 3of-D (400 MHz, CDCl3)
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H NMR of 3pf (400 MHz, CDCls)
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13C NMR of 3pf (100 MHz, CDCl3)
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H NMR of 3qf (400 MHz, CDCls)
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13C NMR of 3¢f (100 MHz, CDCl3)
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H NMR of 3rf (400 MHz, CDCl,)
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13C NMR of 3rf (100 MHz, CDCl3)
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H NMR of 3aq (400 MHz, CDCls)
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13C NMR of 3aq (100 MHz, CDCl5)
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H NMR of 3rr (400 MHz, CDCl5)
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13C NMR of 3rr (100 MHz, CDCl5)
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H NMR of 4 (400 MHz, CDCl,)
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13C NMR of 4 (100 MHz, CDCl;)
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11.X-Ray crystallographic data

Single crystal growth: Compound 3af was just dissolved in appropriate amount of EtOAc
followed by the addition of petroleum ether to form a saturated solution. Then the solution
was allowed to evaporate slowly at room temperature until the formation of a single crystal.
A suitable crystal was selected and measured on a XtaLAB Synergy R, DW system, HyPix
diffractometer. The crystal was kept at 100.00(10) K during data collection. Using Olex2,
the structure was solved with the ShelXT structure solution program using Intrinsic Phasing
and refined with the ShelXL refinement package using Least Squares minimisation. The
crystallographic data have already been deposited at the Cambridge Crystallographic Data
Centre (CCDC: 2217684), which can be acquired from
www.ccdc.cam.ac.uk/data_request/cif.

The ellipsoid contour percent probability level is 50% for the image of the structure.

{

Table S3 Crystal data and structure refinement for 3af.

Identification code 3af
Empirical formula Co3HxN-0O5S
Formula weight 404.47
Temperature/K 249.97(10)
Crystal system triclinic
Space group P-1

alA 9.7863(9)
b/A 10.1591(9)
c/A 12.6200(8)
a/® 83.082(6)
B/° 68.299(7)
y/° 63.337(9)
Volume/A3 1040.23(17)
Z 2

Pcalcg/cm?® 1.291
u/mm-? 0.182
F(000) 424.0

Crystal size/mm3

Radiation

0.14 x0.12 x 0.11
Mo Ka (A =0.71073)

20 range for data collection/° 4.494 to 50
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-11<h<11,-12<k<9,-14 <
Index ranges

<14
Reflections collected 6733
Independent reflections 3659 [Rim = 0.0212, Rygma =
0.0381]
Data/restraints/parameters ~ 3659/0/264
Goodness-of-fit on F2 1.029
Final R indexes [I>=20 (I)] R, =0.0428, wR, = 0.1023
Final R indexes [all data] R4 =0.0574, wR, = 0.1109

Largest diff. peak/hole / e A3 0.18/-0.34
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