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Experimental procedures and data

General Methods. The corresponding starting materials were syrgbdtusing oven-
dried glassware under a nitrogen atmosphere comgaan teflon-coated stirrer bar and
dry septum. All halogenation reactions were perftrat ambient @pressure in oven-
dried 20 mL vessel containing a teflon-coated estibvar and dry septum. All reactions
were monitored by GC usinghexadecane as an internal standard. Responsesfatto
the products with regard te-hexadecane were obtained experimentally by amajyzi
known quantities of the substances. GC analyse® warried out using an HP-5
capillary column (Phenyl Methyl Siloxane 30 m x 320.25, 100/2.3-30-300/3) and a
time program beginning with 2 min at 60 °C followky 30°C/min ramp to 300 °C,
then 3 min at this temperature. Flash column chtography was performed using 230-
400 mesh ultra-pure silica gel. NMR spectra wertaiolked on Bruker AC-300 or on
Bruker AMX-500 systems using acetongahd CDC} as solvents, with proton and
carbon resonances at 300/500 MHz and 75/125 MHpertively. Mass spectral data
were acquired on a V&utoSpeanass spectrometer.

Solvents were purified by standard procedures poiarse. Copper salts were driad
vacuo at 60 °C prior to use. Qwvas supplied with a purity of 99.99%. All other
compounds are commercially available and were wstnbut further purification.

All oxidation reactions involving sodium hypochh&iwere carried out with rapid
continuous magnetic stirring in Erlenmeyer flasksemw to the atmosphere. Sodium
hypochlorite was commercial “ultra” laundry bleagcbntaining a stated concentration
of 6% NaOCI.

Hydrochloric acid (ca. 1 M) containing 25 wt % @flcdum chloride was prepared by
dissolving 125 g of anhydrous calcium chloride 50 3nL of water and cooling to room
temperature. Once the solution had cooled, 42 mcooicentrated hydrochloric acid

were added and the solution was diluted to 500 nth water.
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1 Optimization studies

11 Confirmation of CI,.CHCHCI, as sour ce of chlorine

To confirm that the solvent was the source of gh#&in the reactions shown in
the Scheme 1 of the manuscript, we replacesCI@CHCL (Table S1, entry 1) by
CICH,CH,CI (DCE, entry 2) as solvent. When the reaction thas performed in DCE,
only 26% of the chlorinated anilineCl was detected by GC analysis (entry 2). This
percentage of chlorinated aniline could be atteduto the 20 mol% of Cuglsed as
catalyst. Therefore, it was confirmed that tetraohdthane was serving as timesitu
source of the chlorine in our model reaction. Inaedance with this hypothesis, in the
presence of NCS as chlorinating agent (1.2 eqtin,reactivity was restored and the
desired productl-Cl was obtained with higlortho-regiocontrol after 1 h at 130 °C
(entry 3).

Table S1: First optimization studies

NHSO,P NHSO,P NHSO,P NHSO,P
5 Y cuct, (20 moi%) él y 2y o y
O, (1 atm)
solvent
130°C, 24 h
1 -C (p) -1-Cl 2,4-di-Cl
_ om\[al 1. om\[al di_ o\ [al
Entry solvent 1-Cl (%) (p)-1-ClI (%) 2,4-di-Cl (%)
1 Cl,CHCHCI, 62 (78)"
2 DCE 26
3 DCE 91 8 traces

[a] GC yields f-hexadecane as internal standard). [b] Isolatdd giter column chromatography. [c] Using 1.2 equfiNCS as
chlorine source and with a reaction time of 1h.

1.2  Evaluation of inorganic chlorine sources

Next, a study of the chlorine source was performdg DCE as solvent (Table
S2). Unfortunately, inorganic chlorides such asl.N&aCI, CsCI or NHCI proved to be
inefficient for theortho-chlorination reaction (entries 2-5). Only upon Ipraing the
reaction time to 24 h, thertho-halogenated produd-Cl could be detected in 16%
conversion by GC (18% isolated yield, 78% of thartstg material recovered) when
LiCl was used (entry 6). As stated before, thiscpetage of product is attributable to
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the 20 mol% of CuGlcatalyst present, the catalyst acting as the icldesource (see

also Table S1, entry 2).

Table S2: Examination of inorganic chlorine sources

NHSO,Py CUCl2 (20 moi%) NHSO,Py NHSO,Py NHSO,Py
H 0O, (1 atm) Cl Cl
Cl-source (1.2 equiv)
+ +
DCE, 130 °C
Cl Cl
1 1-Cl (p)-1-Cl 2,4-di-Cl
Reaction 1-Cl 1-(p)-Cl 2,4-di-Cl
Entry time (h) Cl-source (%) (%) (%)
1 1 NCS 91 8 traces
2 1 NH4CI 2
3 1 LiCl 2
4 1 NaCl 3
5 1 CsCl
6 24 LiCl 16

[a] GC yields G-hexadecane as internal standard).

1.3  Reaction temperature: change from DCE to CH3CN

The temperature was found out to be a criticaloiadtvhen we tried to reduce
the temperature of the model NCS-chlorination ieactf sulfonamidel from 130 °C
to 100 °C, we observed that the reaction mixtueaime heterogeneous. In the search
for a more polar solvent to ensure the solubilitalbthe reactants, MeCN was found to
be an optimal solvent for this transformation (Eall3). The results observed in the
chlorination of1 with NCS in MeCN at 130 °C nicely parallels thad#ained when
using DCE as solvent (entry 1, compare with entrpf3Table S1). The reaction
temperature could be reduced to 100 °C without eagigiole changes in reactivity or
selectivity (entry 2). However, further decreaséhaf temperature to 80 °C resulted in a
loss of the regiocontrol, affording a mixture ofdé@ products1tCl, 1-(p)-Cl and2,4-
di-Cl) in similar ratios (entry 3). This result could taionalized assuming that the Cu-
catalyzed directedrtho-chlorination reaction becomes too slow at tempeest below
100 °C, then being competitive the alternative talgaed electrophilic aromatic

substitution pathway, thereby resulting in a noledeve transformation.
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Table S3: Evaluation of reaction conditions

NHSO,Py NHSO,Py NHSO,Py NHSO,Py

CuCl, (10 mol%)
H NCS (1.2 equiv) cl Cl
+ NCS + +
(12 equiv) Q2(1atm)

CH3CN, temperature

1h Cl cl
1 1-Cl (p)-1-Cl 2,4-di-Cl
Entry Temperature (°C) 1-Cl (%)™ (p)-1-Cl (%)™ 2,4-di-Cl (%)™
1 130 83 <5 traces
2 100 79(95)™ <5
3 80 39 28 33

[a] Conversion yield (GC). [b] Isolated yield after column chromatography.

1.4  Importance of aerobic conditions

Aerobic conditions (@atmosphere) proved to be determinant for achiekigh
levels of reactivity and selectivity (Table S4). eTlCuCj-catalyzed reaction of the
model sulfonamidd with NCS under anaerobic conditions,(@&mosphere) resulted in
a loss of regioselectivity affording a mixture bfée productsi¢Cl, 1-(p)-Cl and2,4-
di-Cl) (entry 1). This result can be rationalized assgnthat Q accelerates the Cu-
catalyzed ortho-regiocontrolled reaction and, consequently, in #@bsence the
competitive chlorination through a non-catalyzegecebphilic substitution operates in a
competitive fashion resulting in mixture of prodaicin fact, at identical reaction time,
the reaction under Oprovides a higher conversion towards theho-chlorinated
product with virtually complete regiocontrol (en®y. Prolonging the reaction time to 1
h under aerobic conditions resulted in full conw@rsto 1-Cl while maintaining the
regiocontrol.
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Table $4: Influence of aer obic/anaer obic conditions

NHSO,P NHSO,Py NHSO,Py NHSO,Py
2ty CuCl, (10 mol%) 2 2 2
H Cl Cl
O, or N, (1 atm)
' NS MeCN
(1.2 equiv) ©
100 °C, time
1 1-Cl (p) -1-Cl 2,4-di-Cl
. ) time 1 1-Cl 1-(p)-Cl 2,4-di-Cl
Entry aerobic/anaerobic (min) (%)™ (%) %) (%)
1 N> 45 traces 50 25 22
2 O, 45 23 69 <5 traces
3 02 60 traces 79(95)™ <5 traces

[a] GC yields f-hexadecane as internal standard). [b] Isolatdd giter column chromatography.

15 Useof CuCl;, asstoichiometric chlorinating agent

As expected, the stoichiometric use of Gu@oved to be an alternative to the
use of NCS as the chlorinating agent (see Schetoehd& hus, when the reaction was
performed under oxygen atmosphere with stoichiaomeaimount of CuGl (1.0 equiv)
in the absence of NCS under otherwise optimizedlitions, the reaction proceeded

with very high selectivity to produce tloetho-chlorinated product-Cl in a 58% GC-

yield.

NHSO,Py CuCl, (1.0 equiv) NHSO,Py NHSO,Py NHSO,Py

@H Or (o) @CI cl
MeCN, 100 °C, 16 h
1 1-Cl (p)-1-CI 2,4-d|-CI
58%:2 —Ial —lal
[a] GC yields
Scheme 1

1.6  Control Experiments. eectrophilic halogenations IN THE ABSENCE OF
Cu-CATALYST

No reaction was observed in thECShalogenation of the deactivat@dCFRs-
substituted aniline derivative3), the starting material being recovered unaltered.
Meanwhile, controNBShalogenations in the absence of Cu-catalysis loftsates with
electron-releasing substituents such asptideO- andp-Me-substituted derivative£ (
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and 8, respectively) led to very low reactivity and seiaty. In the case of aniling,

thep-Br derivative was formed with excellent regiocanhtr

NHSO,Py NHSO,Py
H NCS (1.2 equiv) Cl
MeCN, 100°C, 4 h
CF3 no reaction observed CFs
3
NHSO,Py NHSO,Py NHSO,Py
H NBS (1.2 equiv) Br Br Br
N
MeCN, 100°C, 16 h
Me 60% GC yield Me .4 Me
2
NHSO,Py NHSO,Py NHSO,Py
H NBS (1.2 equiv) Br
N
Br
OMe OMe OMe
8

Conditions GC yield (%)@

ratio

MeCN, 100 °C, 16 h -

DMF, 150 °C, 16 h 20 1:1

[a] GC yields (n-hexadecane as internal standard).

1.7 Bromination of aniline 1

While the NBS-uncatalyzed bromination bfled to the formation of the-Br
derivative with excellent regiocontrol, the Cufatalyzed NBS-bromination ot

provided a mixture ob- andp-substitution.

NHSO,Py  [CuBr] NHSO,Py NHSO,Py
H NBS (1.2 equiv) Br
+
MeCN, 100 °C, 4 h
1 Br 1-(p)-Br 1-Br

1-(p)-Br (%) 1-Br (%)t

no copper 90 n.d.
10 mol% CuBr, 46 42

[a] GC yields (n-hexadecane as internal standard).
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2 Typical procedurefor the N-sulfonylation of anilines

Synthesis of N-phenylpyridine-2-sulfonamide (1).! To a solution of aniline (364L,

4.00 mmol, 1.00 equiv) in THF (40 mL), pyridine &L,
©/NHSOZPy 4.80 mmol, 1.20 equiv) and 2-pyridylsulfonyl chbbei (852 mg,

4.80 mmol, 1.20 equiv) were successively added wis®p at 0 °C
and under B atmosphere. The mixture was warmed to room teryoerand stirred
overnight. During this time, a gradual formation afprecipitate was observethe
resulting mixture was then suction filtered throwl-cm fritted glass funnel (coarse)
into a round-bottomed flask, and the filter cakeswiased with THF (3 x 10 mL). To
the resulting filtrate and the washes, water (20 mlas added and the THF was
removed by evaporation at reduced pressure, yegldisuspension of a white solid in
the aqueous medium. This solid was collected hgafibn, washed sequentially with
toluene (2 x 5 mL) and diethyl ether (2 x 5 mL).efhit was transferred to a round-
bottomed flask, and dried at 1.0 mmHg to providas a white powder; yield: 862 mg
(92%); mp = 170-172 °C. The analytical data (NMRRMES analysis) matched those
reported in the literature foN-phenylpyridine-2-sulfonamid¢CAS: 103863-00-9].
'H NMR (acetone-dg, 300 MHZ) &: 9.19 (s, 1H), 8.69 (dd] = 3.6, 1.2, 1H), 8.06 —
7.98 (m, 1H), 7.98 — 7.91 (m, 1H), 7.59 (dd&; 7.2, 4.8, 1.5, 1H), 7.33 — 7.14 (m, 4H),
7.03 (t,J = 7.2 Hz, 1H).ESI" calcd. for GiH11N,0,S (M+H)": 235.0535; Found:
235.0537.

N-(4-Methoxyphenyl)pyridine-2-sulfonamide (2). Compound 2 was prepared
NHSO,P following the typical procedure from 4-methoxyandi

/©/ (493 mg, 4.00 mmol) to give as a white solid; yield: 951 mg
MeO (90%): mp = 167-168 °CH NMR (acetone-de, 300 MH2z)
6:8.93 (s, 1H), 8.71 (ddd,= 4.7, 1.7, 0.9 Hz, 1H), 7.98 (td= 7.7, 1.7 Hz, 1H), 7.86
(dt,J=7.9, 1.1 Hz, 1H), 7.58 (ddd,= 7.6, 4.7, 1.2 Hz, 1H), 7.15 (d= 9.0 Hz, 2H),
6.78 (d,J = 9.0 Hz, 2H), 3.70 (s, 3HYC NMR (acetone-dg, 75 MHz) &: 158.3, 158.1,
150.8, 139.0, 130.8, 127.7, 125.5, 123.5, 114.96.955I" calcd. for G,H13N,03S
(M+H)": 265.0641; Found: 265.0649.

M A. Garcia-Rubia, B. Urones, R. Gémez Arrayas,. L&retero,Angew. Chem. Int. E@011, 50,
10927.
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N-(p-Tolyl)pyridine-2-sulfonamide (8). Compound8 was prepared following the

typical procedure fronp-toluidine (440uL, 4.00 mmol) to give

/@NHSOZW 8 as a white solid; yield: 934 mg (94%): mp = 196-2@.

Me 'H NMR (acetone-dg, 300 MHz) &: 9.04 (s, 1H), 8.69 (ddd,
J=4.7,1.7,0.9 Hz, 1H), 8.00 (td,= 7.7, 1.7 Hz, 1H), 7.92 (df,= 7.8, 1.1 Hz, 1H),
7.58 (dddJ = 7.5, 4.7, 1.3 Hz, 1H), 7.14 (d~= 8.4 Hz, 2H), 7.08 — 6.98 (m, 2H), 2.20
(s, 3H)."*C NMR (acetone-ds, 75 MHz) &: 158.1, 150.9, 139.0, 135.9, 135.0, 130.3,
127.8, 123.5, 122.6, 20.ESI" calcd. for GoH13N,0.S (M+H)": 249.0692; Found:
249.0691.

N-(4-1odophenyl)pyridine-2-sulfonamide (9). Compound9 was prepared following
NHSO,Py the typical procedure from 4-iodoaniline (876 mg)®4mmol) to
/©/ give 9 as a white solid; yield: 1.28 g (89%); mp = 193+2Q.
! 'H NMR (acetone-ds, 300 MHz) &: 9.34 (s, 1H), 8.69 (ddd,
J=4.7,1.7,0.9 Hz, 1H), 8.05 (td= 7.6, 1.7 Hz, 1H), 7.98 (ddd,= 7.9, 1.5, 0.9 Hz,
1H), 7.67 — 7.55 (m, 3H), 7.12 (d,= 8.7 Hz, 2H).*C NMR (acetone-ds, 75 MH2z)
5:157.8, 151.0, 139.2, 138.8, 128.1, 123.7, 12383.5, 88.3.ESI" calcd. for
C11H10N20,SI (M+H)": 360.9502; Found: 360.9492.

N-(4-Bromophenyl)pyridine-2-sulfonamide (10). Compound 10 was prepared
NHSO,Py following the typical procedure from 4-bromoanilii@88 mg,

/©/ 4.00 mmol) to givelO as a white solid; yield: 1.09 g (87%); mp
Br = 192-193 °C*H NMR (acetone-ds, 300 MH2) §: 9.34 (s, 1H),
8.69 (dddJ = 4.7, 1.7, 0.9 Hz, 1H), 8.04 (td= 7.6, 1.7 Hz, 1H), 7.98 (di,= 7.9, 1.2
Hz, 1H), 7.61 (dddJ = 7.4, 4.7, 1.4 Hz, 1H), 7.41 (d= 8.8 Hz, 2H), 7.25 (d] = 8.8
Hz, 2H).**C NMR (acetone-ds, 75 MHZ) &: 157.8, 151.0, 139.2, 138.2, 138.1, 132.8,
128.1, 123.6, 123.6, 123.5, 1176SI" calcd. for GiH1oN2O.SBr (M+H)": 312.9640;
Found: 312.9645.

N-(4-Chlorophenyl)pyridine-2-sulfonamide (11). Compound 11 was prepared
NHSO,Py following the typical procedure from 4-chloroandin510 mg,
/©/ 4.00 mmol) to givell as a white solid; yield: 817 mg (76%); mp
cl = 182-184 °CH NMR (acetone-dg, 300 MHZ) &: 9.33 (s, 1H),
8.69 (dd,J = 4.5, 1.0 Hz, 1H), 8.10 — 8.00 (m, 1H), 8.00 —47(f, 1H), 7.61 (ddd,
J=7.3, 47, 1.4 Hz, 1H), 7.37 — 7.20 (m, 4HJC NMR (acetone-ds, 75 MHz) &:
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157.8, 151.0, 139.2, 137.6, 130.1, 129.8, 128.8.5.2123.4, 123.4ESI" calcd. for
C11H1oN2O,SCl (M+H)+: 269.0146; Found: 269.0155.

N-(4-Fluorophenyl)pyridine-2-sulfonamide (12). Compound 12 was prepared
NHSO,Py following the typical procedure from 4-fluoroandéin(379puL,

/©/ 4.00 mmol) to givel2 as a white solid; yield: 797 mg (79%); mp
F = 156-157 °C*H NMR (acetone-dg, 300 MHz) &: 9.21 (s, 1H),
8.70 (dddJ = 4.7, 1.7, 0.9 Hz, 1H), 8.02 (td= 7.7, 1.7 Hz, 1H), 7.92 (di,= 7.9, 1.1
Hz, 1H), 7.60 (dddJ = 7.6, 4.7, 1.2 Hz, 1H), 7.36 — 7.22 (m, 2H), 7(D1 = 8.8 Hz,
2H). ®C NMR (acetone-ds, 75MHz) &: 160.9 (d,Jc.r = 242.0 Hz), 157.9, 150.9,
139.1, 134.7 (dJcr = 2.7 Hz), 127.9, 124.8 (dc.r = 8.3 Hz), 123.5, 116.4 (dcr =
22.8 Hz).®F NMR (acetone-ds, 282 MHz) &: 57.8.ESI* calcd. for GiH1oNoO-FS
(M+H)": 253.0441; Found: 253.0437.

N-[4-(Trifluoromethyl)phenyl]pyridine-2-sulfonamide (3). Compound 3 was
NHSO,P prepared following the typical procedure from 4-

/©/ (trifluoromethyl)aniline (503.L, 4.00 mmol) to give3 as a
FaC white solid; yield: 919 mg (76%); mp £79-180 °C!H NMR
(acetone-dg, 300 MHZ) 6: 9.69 (s, 1H), 8.69 (d] = 4.7 Hz, 1H), 8.07 (d) = 3.4 Hz,
2H), 7.72 — 7.46 (m, 5H)°C NMR (acetone-ds, 75 MHz) §: 157.7, 151.1, 142.6,
139.4, 128.9 (qJc.r = 270.7 Hz), 128.3, 127.1 (de.r = 3.8 Hz), 126.0 (¢Jc.r = 32.5
Hz), 123.5, 120.52F NMR (acetone-ds, 282 MHz) &: 114.9. ESI* calcd. for
C1oH10N20,F3S (M+H)': 303.0409; Found: 303.0413.

N-(4-Acetylphenyl)pyridine-2-sulfonamide (13). Compound 13 was prepared
NHSO,P following  the  typical procedure  from 1-(4-

/©/ aminophenyl)ethanone (541 mg, 4.00 mmol) to di8eas a
MeOC white solid; yield: 869 mg (79%); mp = 231-232°C.
'H NMR (acetone-dg, 300 MH2) &: 8.68 (dt,J = 4.7, 1.3 Hz, 1H), 8.09 (dd,= 1.3, 0.8
Hz, 1H), 8.07 (ddJ = 1.3, 0.6 Hz, 1H), 7.87 (d,= 9.1 Hz, 2H) 7.70 — 7.58 (m, 1H),
7.40 (d,J = 9.1 Hz, 2H), 2.48 (s, 3H}*C NMR (acetone-ds, 75 MHz) &: 157.9, 151.1,
143.2, 139.4, 135.5, 133.7, 130.4, 128.2, 123.9,6126.4E|" calcd. for GsH12N,0sS
(M)™: 276.0569; Found: 276.0566.
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Methyl 4-[N-(2-pyridyl)sulfonylamino]benzoate (14). Compoundl14 was prepared
NHSO,Py following the typical procedure from methyl 4-

/©/ aminobenzoate (605 mg, 4.00 mmol) to givkas a white
MeO2C solid; yield: 748 mg (64%); mp = 222-224°C. The
analytical data (NMR, GC-MS analysis) matched thosgorted in the literature for
methyl 4-N-(2-pyridyl)sulfonylamino]lbenzoate [CAS: 1352965-84 ‘H NMR
(acetone-dg, 300 MHZ) &: 9.66 (s, 1H), 8.68 (d] = 4.6 Hz, 1H), 8.07 (d) = 3.5 Hz,
2H), 7.88 (d,J = 8.8 Hz, 2H), 7.70 — 7.52 (m, 1H), 7.41 (d= 8.7 Hz, 2H), 3.82 (s,
3H). ESI™ calcd. for GaH1aN204S (M+H)™: 293.0590; Found: 293.0594.

N-(4-Cyanophenyl)pyridine-2-sulfonamide (15). Compound 15 was prepared

NHSO,Py following the typical procedure from 4-cyanoanilifg73 mg,

/©/ 4.00 mmol) to givel5 as a white solid; yield: 842 mg (81%);

NC mp = 240-241 °C'H NMR (acetone-ds, 300 MHz) &: 9.83 (s,
1H), 8.69 (dtJ = 4.7, 1.2 Hz, 1H), 8.11 (§ = 1.4 Hz, 1H), 8.09 (d] = 1.3 Hz, 1H),
7.77 — 7.54 (m, 3H), 7.56 — 7.43 (m, 2H)C NMR (acetone-ds, 75 MHZ) &: 157.6,
151.2, 143.3, 139.5, 134.2, 128.4, 123.5, 120.39.111107.7.EI" calcd. for
C12HoN30,S (M) 259.0415; Found: 259.0403.

N-(4-Nitrophenyl)pyridine-2-sulfonamide (16). Compound 16 was prepared
NHSO,Py following the typical procedure from 4-nitroanilin®52 mg,

/©/ 4.00 mmol) to givel6 as a white solid; yield: 801 mg (72%);
O2N mp = 253-254 °C'H NMR (acetone-ds, 300 MHZ) &: 8.69
(dt, J = 4.7 Hz, 1.3, 1H), 8.16 (dl = 9.3 Hz, 2H), 8.13 (dJ = 1.4 Hz, 1H), 8.12 (t,
J=1.4 Hz, 1H), 7.72 —= 7.62 (m, 1H), 7.55 {d5 9.3 Hz, 2H).*C NMR (acetone-ds,
125 MHz) §: 157.5, 151.2, 145.1, 144.4, 139.6, 128.6, 12828,5, 119.6EI" calcd.
for C11HgN304S (M)": 279.0314; Found: 279.0301.

N-(3-Fluorophenyl)pyridine-2-sulfonamide (17). Compound 17 was prepared
F NHSO,Py following the typical procedure from 3-fluoroandin(384pL,
\©/ 4.00 mmol) to givel7 as a white solid; yield: 837 mg (83%);
mp =164-165 °C*H NMR (acetone-ds, 500 MHz) &: 9.53 (s, 1H), 8.70 (dl = 4.7 Hz,
1H), 8.06 (tdJ = 7.6, 1.7 Hz, 1H), 8.03 (di,= 7.9, 1.3 Hz, 1H), 7.63 (ddd= 7.4, 4.7,
1.4 Hz, 1H), 7.26 (td) = 8.3, 6.6 Hz, 1H), 7.16 — 7.07 (m, 2H), 6.80 (t&; 8.5, 2.2
Hz, 1H).*C NMR (acetone-ds, 125 MHz) &: 163.7 (d Jc.r = 243.4 Hz), 157.7, 151.0,
140.6 (d,Jc.r = 10.6 Hz), 139.3, 131.4 (de.r = 9.5 Hz), 128.2, 123.5, 116.9 (¢ =
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3.0 Hz), 111.5 (dJcr = 21.3 Hz), 108.1 (dJcr = 25.8 Hz)."F NMR (acetone-ds,
471 MHZ) §: -113.3.El" calcd. for GiHgN,O-FS (M)': 252.0369; Found: 252.0359.

N-(3-1sopropylphenyl)pyridine-2-sulfonamide (18). Compound 18 was prepared

following the typical procedure from 3-isopropylame
ipr\©/NHSOZPy (541 mg, 4.00 mmol) to givé8 as a white solid; yield: 884 mg

(80%); mp = 185-186 °CH NMR (acetone-ds, 500 MHz) :
9.11 (s, 1H), 8.70 (ddd,= 4.8, 1.8, 0.9 Hz, 1H), 8.01 (tdi= 7.7, 1.7 Hz, 1H), 7.95 (dt,
J=7.9, 1.1 Hz, 1H), 7.59 (ddd,= 7.6, 4.7, 1.3 Hz, 1H), 7.16 — 7.09 (m, 2H), 7.07
(ddd,J = 8.0, 2.2, 1.2 Hz, 1H), 6.93 (dt= 7.6, 1.5 Hz, 1H), 2.78 (B,= 6.9 Hz, 1H),
1.13 (d,J = 6.9 Hz, 6H).*C NMR (acetone-dgs, 125 MHz) &: 158.1, 150.9, 150.6,
139.0, 138.5, 129.7, 127.8, 123.6, 123.4, 120.®.51134.6, 24.1El" calcd. for
C14H16N20.S (M)': 276.0932; Found: 276.0940.

N-[3-(Trifluoromethyl)phenyl]pyridine-2-sulfonamide (19). Compound 19 was
o NHSO,Py prepared following the typical procedure from 3-
\©/ (trifluoromethyl)aniline (57%uL, 4.00 mmol) to givel9 as a

white solid; yield: 883 mg (73%):; mp = 190-191 6. NMR
(acetone-dg, 500 MHZ2) 6: 9.57 (s, 1H), 8.70 (ddd,= 4.7, 1.8, 1.0 Hz, 1H), 8.11 — 8.05
(m, 1H), 8.05 — 8.00 (m, 1H), 7.68 — 7.61 (m, 2HB1 — 7.55 (m, 1H), 7.49 d,= 8.0
Hz, 1H), 7.39 (dtJ = 7.6, 0.8 Hz, 1H)**C NMR (acetone-ds, 75 MHz) &: 157.7,
151.1, 139.7, 139.4, 131.6 (&.r = 32.3 Hz), 131.0, 128.2, 124.9, 124.9 Jgr =
271.7 Hz), 123.4, 121.6 (de.r = 3.9 Hz), 117.8 (qlc-r = 4.0 Hz).°F NMR (acetone-
de, 471 MHZ) §: -63.4.E1” calcd. for GoHgN2O2FsS (M)*: 302.0337; Found: 302.0324.

N-(3-Chloro-4-iodophenyl)pyridine-2-sulfonamide (20). Compound20 was prepared
NHSO,Py following the typical procedure from 3-chloro-4-mahiline
D/ (1.01 g, 4.00 mmol) to give0 as a white solid; yield: 1.10g
' (70%); mp = 205-206 °C'H NMR (acetone-dg, 500 MHz) §:
9.54 (s, 1H), 8.70 (ddd,= 4.7, 1.7, 1.0 Hz, 1H), 8.08 (td~= 7.6, 1.7 Hz, 1H), 8.03 (dt,
J=7.8,1.1 Hz, 1H) 7.79 (d,= 8.6 Hz, 1H), 7.64 (ddd = 7.5, 4.7, 1.3 Hz, 1H), 7.53
(d, J = 2.5 Hz, 1H), 7.06 (dd] = 8.7, 2.5 Hz, 1H)**C NMR (acetone-dg, 125 MHz)
5:157.6, 151.1, 141.5, 140.6, 139.4, 139.2, 12823,4, 121.6, 121.2, 91.E1" calcd.
for C11HgN-O,SCIl (M)*: 393.9040; Found: 393.9031.

Cl
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N-(4-Bromo-3-chlorophenyl)pyridine-2-sulfonamide (21). Compound 21 was

NHSO,P prepared following the typical procedure from 4+hm3-
j@/ chloroaniline (826 mg, 4.00 mmol) to givd as a white solid;
Br yield: 1.15 g (83%); mp = 195-197 °¢H NMR (acetone-ds,
500 MHZz) &: 9.54 (s, 1H), 8.70 (ddd,= 4.7, 1.6, 0.9 Hz, 1H), 8.08 (td= 7.6, 1.7 Hz,
1H), 8.03 (dtJ = 7.8, 1.1 Hz, 1H), 7.64 (ddd= 7.5, 4.7, 1.3 Hz, 1H), 7.59 (d~= 8.7
Hz, 1H), 7.53 (dJ = 2.6 Hz, 1H), 7.21 (ddl = 8.7, 2.6 Hz, 1H)"*C NMR (acetone-ds,
125 MHz) 6: 157.6, 151.1, 139.6, 139.4, 135.0, 134.9, 12828.4, 122.7, 121.3,
117.2.EI” calcd. for GiHgN,O-SBrCl (M)": 345.9178; Found: 345.9162.

Cl

N-(3,4-Dichlorophenyl)pyridine-2-sulfonamide (22). Compound?22 was prepared

NHSO,Py following the typical procedure from 3,4-dichlordlame
j@/ (648 mg, 4.00 mmol) to giv82 as a white solid; yield: 1.03 g
Cl (85%): mp = 183-184 °C'H NMR (acetone-ds, 500 MH?2)
§:9.54 (s, 1H), 8.70 (ddd,= 4.7, 1.7, 0.9 Hz, 1H), 8.08 (td= 7.6, 1.7 Hz, 1H), 8.03
(dt,J = 7.8, 1.1 Hz, 1H), 7.65 (ddd,= 7.6, 4.7, 1.3 Hz, 1H), 7.53 (d= 2.6 Hz, 1H),
7.44 (d,J = 8.7 Hz, 1H), 7.28 (dd) = 8.8, 2.5 Hz, 1H)*C NMR (acetone-ds,
125 MH2z) 6: 157.6, 151.1, 139.4, 139.0, 132.9, 131.7, 1282%.9, 123.4, 122.9,
121.3.E17 calcd. for GiHgN2O>SCh (M)™: 301.9684; Found: 301.9689.

Cl

N-(Benzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide (23). Compound 23 was
NHSO,Py prepared following the typical procedure from 1eghbodioxol-5-
amine (547 mg, 4.00 mmol) to gi\@8 as a white solid; yield:
OQ 945mg (85%); mp = 178-179 °C*H NMR (acetone-ds,
300 MHZz) 4: 9.00 (s, 1H), 8.72 (ddd=4.7, 1.7, 0.9, 1H), 8.07 —
7.98 (m, 1H), 7.96 — 7.86 (m, 1H), 7.61 (dddy.6, 4.7, 1.2, 1H), 6.81 (§=1.3, 1H),
6.67 (d,J=1.3, 2H), 5.93 (s, 2H)"*C NMR (acetone-ds, 75MHz) &: 157.9, 150.9,
148.7, 146.1, 139.1, 132.2, 127.8, 123.5, 116.8.710105.4, 102.4EI1" calcd. for
C12H10N204S (M)': 278.0361; Found: 278.0370.

0

4-M ethyl-N-phenylbenzenesulfonamide (4). Compound4 was prepared following the
NHTs typical procedure from aniline (34, 4.00 mmol) and 4-
©/ methylbenzenesulfonyl chloride (915 mg, 4.80 mmMa2, equiv) to give
4 as a white solid; yield: 752 mg (76%); mp = 96°€@7 The analytical data (NMR, GC-
MS analysis) matched those reported in the liteeatufor 4-methyIN-
phenylbenzenesulfonamide [CAS: 68-34-81. NMR (acetone-ds, 300 MHZz) &: 8.90
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(s, 1H), 7.67 (dJ=8.3, 2H), 7.31 (dJ=7.9, 2H), 7.26 — 7.16 (m, 4H), 7.13 — 7.00 (m,
1H), 2.35 (s, 3H)*C NMR (CDCls, 75 MHz) &: 144.0, 136.7, 136.2, 129.8, 129.4,
127.4, 125.4, 121.6, 21.6.

N-M ethyl-N-phenylpyridine-2-sulfonamide (7). Compound7 was prepared fron-
Me methylaniline (433uL, 4.00 mmol), according to the already

©/N802Py described protocol by our grotpo give 7 as a white solid; yield:

844 mg (85%); mp = 100-102 °C. The analytical dali®IR, HRMS
analysis) matched those reported in the literatoreN-methyl-N-phenylpyridine-2-
sulfonamide [CAS: 1352965-24-2H NMR (acetone-ds, 300 MHz) &: 8.78 (dd,J =
4.7, 0.8 Hz, 1H), 8.01 (td,= 7.8, 1.7 Hz, 1H), 7.74 (d,= 7.8 Hz, 1H), 7.66 (ddd} =
7.7, 4.7, 1.2 Hz, 1H), 7.36 — 7.15 (m, 5H), 3.483d). EI* calcd. for GoH1oN-O5S
(M)*: 248.0619; Found: 248.0630.

3. Typical procedurefor the synthesis of N-(pyrimidyl)sulfonyl anilines

Synthesis of N-(4-chloro-2-fluorophenyl)pyrimidine-2-sulfonamide (26-Cl). A
solution of 2-mercaptopyrimidine (0.561 g, 5 mmbl00 equiv)
in a mixture of CHCl, (25 mL) and a 1 M solution of HCI
having 25wt % of CaGl(25 mL) was stirred in a 125-mL

Cl
NHSO,Pyr

Erlenmeyer flask for 10 min at30 to —-25°C (internal
temperature, maintained by intermittent coolinghw# dry ice-acetone bath). Then
calcium chloride 6-hydrate (19 g) was dissolvedadium hypochlorite (6% solution,
0.74 M, 24 mL, 18 mmol, 3.3 equiv), and the resgiticlear solution was added
dropwise withvery rapidstirring to the original solution of 2-mercaptopwidine while
maintaining the internal temperature-80 to—25 °C. The resulting mixture was stirred
for 15 min at-30 to —-25 °C (internal temperature) before it was dilutedh of
ice/water (25 mL) and transferred to a separatannél (pre-cooled with ice water).
The organic phase was rapidly separated and cedlanta clean 125-mL Erlenmeyer
flask cooled in a dry ice-acetone bath. 2-Chlortudroaniline (1.49 mL, 12.5 mmol,
2.5 equiv) was added with stirring, whereupon thetune became a white suspension.
The flask was moved to an ice-water bath and tepeswsion was stirred for 30 min at
0 °C. To the resulting suspension was added 1 Mgtaric acid and the organic phase

was successively washed with water and brine. Dnebtned organic phase was dried
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(MgSQy) and concentrated under reduced pressure. Thaueesias purified by flash
chromatographynthexane-EtOAc 2:1) to affor@6-Cl as a pale yellow solid; yield:
1.15 g (80%); mp = 139-140 °éH NMR (acetone-ds, 300 MHz) &: 8.99 (d,J = 4.8
Hz, 2H), 8.89 (s, 1H), 7.77 {,= 4.8 Hz, 1H), 7.66 (dd] = 9.0, 5.6 Hz, 1H), 7.29 (dd,
J= 8.4, 2.9 Hz, 1H), 7.13 (ddd = 9.0, 8.0, 2.9 Hz, 1H)*C NMR (acetone-ds,
75MHz) &: 166.5, 161.1 (dJc.r = 246.7 Hz), 159.7, 131.7, 130.8 (@,r = 10.7 Hz),
129.2 (d,Jc.F = 8.9 Hz), 124.9, 117.6 (dc.r = 26.2 Hz), 115.5 (dJc.r = 22.4 Hz).
YENMR (acetone-ds, 282 MHz) &: 61.9. EI" calcd. for GoH;N3O.FSCI (M)
286.9932; Found: 286.9924.

N-(2-Bromo-4-methylphenyl)pyrimidine-2-sulfonamide (27). Compound 27 was
Br prepared following the typical procedure from 2+hm4-

/@/NHSOZPW methylaniline (1.55 mL, 12.5 mmol), to giv&7 as a white
Me solid; vyield: 1.21g (74%); mp = 127-129 °CH NMR
(acetone-dg, 500 MHz) §: 8.98 (d,J = 4.9 Hz, 2H), 7.75 (t) = 4.9 Hz, 1H), 7.46 (d,
J=8.3 Hz, 1H), 7.41 (ddl = 1.9, 0.8 Hz, 1H), 7.14 (ddd= 8.3, 2.0, 0.8 Hz, 1H), 2.28
(s, 3H).**C NMR (acetone-dg, 125 MHz) &: 166.5, 159.7, 138.7, 134.0, 133.6, 129.8,
127.0, 124.8, 119.2, 20.£1" calcd. for GiH10N30.SBr (M)": 326.9677; Found:
326.9682.

N-(4-Fluorophenyl)pyrimidine-2-sulfonamide (26). Compound 26 was prepared
NHSO,Pyr following the typical procedure from 4-fluoroanéin(1.18 mL,
/©/ 12.5 mmol), to give26 as a white solid solid; yield: 670 mg
F (54%); mp = 145-147 °CH NMR (acetone-ds, 300 MH2)
§:9.32 (s, 1H), 8.97 (dl = 4.9 Hz, 2H), 7.72 () = 4.9 Hz, 1H), 7.38 (dd] = 9.2 Hz,
4.8, 2H), 7.16 — 6.87 (m, 2HY>C NMR (acetone-ds, 75 MHz) &: 166.3, 160.7 (dJc.
F=241.9 Hz), 159.7, 134.7 (dc-r = 2.9 Hz), 124.8, 124.7, 116.4 @ = 22.9 Hz).
F NMR (acetone-ds, 282 MHz) §: 57.8.E1™ calcd. for GgHgN3O,FS (M)': 253.0321;
Found: 253.0314.

N-(p-Tolyl)pyrimidine-2-sulfonamide (29). Compound29 was prepared following the
typical procedure fronp-toluidine (1.38 mL, 12.5 mmol), to
NHSO,Pyr

/©/ give 29 as a white solid; yield: 1.02 g (82%); mp = 134 28.
Me 'H NMR (acetone-ds, 500MHz) & 9.23 (s, 1H), 8.96 (d,

J=4.8 Hz, 2H), 7.70 () = 4.9 Hz, 1H), 7.22 (d] = 8.4 Hz, 2H), 7.05 (d] = 8.1 Hz,
2H), 2.22 (s, 3H)*C NMR (acetone-ds, 125 MHz) &: 166.4, 159.6, 135.9, 135.0,
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130.3, 124.6, 122.5, 20.7El" calcd. for GiH1iN3O,S (M)": 249.0572; Found:
249.0569.

Methyl 4-(pyrimidine-2-sulfonamido)benzoate (30). Compound30 was prepared
NHSO,Pyr following the typical procedure from methyl 4-amino

/©/ benzoate (1.89 g, 12.5 mmol), to gi8@ as a white solid;
MeO2C yield: 1.20mg (82%); mp = 189-190 °CH NMR
(acetone-dg, 500 MHZ) 6: 8.98 (d,J = 4.9 Hz, 2H), 7.90 (d) = 9.0 Hz, 2H), 7.74 (t,
J=4.9 Hz, 1H), 7.44 (dJ = 9.0 Hz, 2H), 3.83 (s, 3H)"*C NMR (acetone-ds,
125 MHZ) §: 166.6, 166.1, 159.8, 143.4, 131.4, 126.4, 12HE19,8, 52.2EI" calcd. for
C15H7N304S (M)™: 293.0470; Found: 293.0482.

3.1. Synthesisof N-(4-chloro-2-methylphenyl)pyrimidine-2-sulfonamide (28)

NH, NHSO,Pyr NHSO,Pyr
H3C© 2-PyrSO,CI HsC NCS (1.2 equiv) HsC
—_— -
CH,Cl,, -30 °C O, (1 atm), MeCN
0,
100°C, 1 h ol 28

N-(o-Tolyl)pyrimidine-2-sulfonamide (I). Compoundl was prepared following the
Me typical procedure fronortho-toluidine (1.33 mL, 12.5 mmol), to
NHSO,Pyr give | as a white solid; yield: 797 mg (64%); mp = 99-201
'H NMR (CDCl3, 500 MHZ) &: 8.90 (d,J = 4.9 Hz, 2H), 7.49 (t,
J=4.9 Hz, 1H), 7.38 (dd) = 7.8, 1.5 Hz, 1H), 7.16 — 7.11 (m, 1H), 7.11 -27(M,
2H), 6.84 (s, 1H), 2.31 (s, 3H)*C NMR (CDCls, 125 MHz) §: 165.6, 158.8, 158.7,
134.2, 131.2,131.1, 127.1, 126.3, 123.5, 123.3).8" calcd. for GiH11N30,S (M)
249.0572; Found: 249.0576.

N-(4-Chloro-2-methylphenyl)pyrimidine-2-sulfonamide  (28). An oven-dried,

nitrogen-flushed 20 mL vessel was charged with the
Me

NHSO,Pyr correspondingN-protected anilinel (0.40 mmol, 1.00 equiv)
and NCS (64.0 mg, 0.48 mmol, 1.2 equiv). The reactiessel
Cl

was sealed with a Teflon lined cap, then evacuatetiflushed
with oxygen three times. Under the atmosphere gfjer, MeCN (2 mL) was added
via syringe and the resulting mixture was stirred @@ iC for 1 h. After the reaction
was complete, the volatiles were removedvacuoand the residue was purified by
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column chromatography+hexane-EtOAc 5:1), yielding the corresponding ohiated
product28 as a white solid; yield: 107 mg (94%); mp = 102+2C.*"H NMR (acetone-

de, 500 MH2) &: 9.00 (dd,J = 4.9, 0.7 Hz, 2H), 8.81 (s, 1H), 7.75 (fs 4.9, 0.6 Hz,
1H), 7.35 (dJ=8.6 Hz, 1H), 7.25 (d) = 2.7 Hz, 1H), 7.12 (dd] = 8.6, 2.5 Hz, 1H),
2.38 (s, 3H).®C NMR (acetone-ds, 125 MHz) &: 166.8, 159.7, 136.8, 135.1, 131.8,
131.2, 127.7, 127.8, 127.1, 124.7, 1&EP" calcd. for GiH1,CIN3O,S (M)": 283.0182;
Found: 283.0181.

4. Synthesis of N-phenyl-2-pyridinecar boxamide (6)

NHCOPy Compound6 was synthetized in a 10.0 mmol-scale following the

©/ literature proceduréto give6 as a pale yellow solid; yield: 1.05 g

(53%); mp = 76-77 °C. The analytical data (NMR, H&Mnalysis)
matched those reported in the literature fephenyl-2-pyridinecarboxamidfCAS:
10354-53-7]*H NMR (acetone-ds, 300 MHZ) &: 10.23 (s, 1H), 8.68 (ddd,= 4.8, 1.7,
1.0 Hz, 1H), 8.25 (dtJ=7.9, 1.1 Hz, 1H), 8.05 (tdl = 7.7, 1.7 Hz, 1H), 7.94 (dd =
8.6, 1.1 Hz, 2H), 7.63 (ddd,= 7.5, 4.8, 1.2 Hz, 1H), 7.44 — 7.34 (m, 2H), 7-21.09
(m, 1H).EI" calcd. for GoH1oN2O (M)*: 198.0793; Found: 198.0794.

5. General proceduresfor the copper-catalyzed ortho-halogenation

51. METHOD A: ortho-Chlorination using 1,1,2,2-tetraclor oethane as chlorine

source

An oven-dried, nitrogen-flushed 20 mL vessel wabkarged with the
correspondingN-(2-pyridyl)sulfonyl aniline £-3) (0.20 mmol) and copper(ll) chloride
(5.38 mg, 0.04 mmol, 20 mol%). The reaction vesgas sealed with a Teflon lined
cap, then evacuated and flushed with oxygen thmest Under the atmosphere of
oxygen, CJCHCHCL (1 mL) and the internal standardhexadecane (50L) were
addedvia syringe. After stirring the reaction mixture ato13C for 24 h, it was diluted
with 5 mL of CHClI, and filtered through a pad of Celite. The filtratas washed twice
with brine. The organic layer was dried over,8@, and concentrated under vacuum.

I'M. D. Markey, Y. Fu, T. R. KellyDrg. Lett 2007, 9, 3255.
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The residue was purified by column chromatograf@i@{, n-hexane-ethyl acetate 5:1),

yielding the correspondingrtho-chlorinated product.

N-(2-Chlorophenyl)pyridine-2-sulfonamide (1-Cl). Compound1-Cl was prepared

NHSO,P following Method A from N-phenylpyridine-2-sulfonamidel
@ (46.9 mg, 0.20 mmol), to give-Cl as a white solid; yield: 41.9 mg

Cl (78%): mp = 105-106 °CH NMR (acetone-ds, 300 MHZ) 5: 8.70
(ddd,J = 4.6, 1.7, 1.0 Hz, 1H), 8.59 (s, 1H), 8.05 {tt 7.8, 1.6 Hz, 1H), 8.00 — 7.90
(m, 1H), 7.69 — 7.59 (m, 2H), 7.38 (db= 7.9, 1.5 Hz, 1H), 7.28 (ddd,= 8.1, 7.4, 1.5
Hz, 1H), 7.20 — 7.12 (m, 1H}*C NMR (acetone-dg, 75 MHZz) &: 158.2, 151.0, 139.2,
135.0, 130.5, 128.5, 128.2, 127.9, 127.5, 125.8,2LES|" calcd. for GiH1oN2O,SCI
(M+H)": 269.0146; Found: 269.0144.

Compoundl-Cl was also prepared following Method A on a 1.00-rhstale, usingN-
phenylpyridine-2-sulfonamide 1) (234 mg, 1.0 mmol, 1.00 equiv), NCS (160 mg,
1.20 mmol, 1.2 equiv) and CuC(13.4 mg, 0.10 mmol, 10 mol%) in MeCN (4 mL).
The title compound-Cl was isolated in 79% yield (213 mg). Under theseddmns,
compoundl-(p)-Cl was also isolated in 12% yield (33.0 mg).

N-(2-Chloro-4-methoxyphenyl)pyridine-2-sulfonamide (2-Cl). Compound2-Cl| was
prepared following Method A from N-(4-

NHSO,Py
/@ methoxyphenyl)pyridine-2-sulfonamide 2 (52.9 mg,
MeO

Cl 0.20 mmol) to give2-Cl as a white solid; yield: 56.1 mg

(94%); mp = 131-132 °CH NMR (acetone-ds, 500 MHz) §: 8.72 (dddJ = 4.7, 1.9,
0.9 Hz, 1H), 8.53 (s, 1H), 8.03 (td= 7.8, 1.7 Hz, 1H), 7.86 (di,= 7.9, 1.0 Hz, 1H),
7.65 (ddd,J = 7.6, 4.7, 1.2 Hz, 1H), 7.42 (d= 8.9 Hz, 1H), 6.93 (d] = 2.9 Hz, 1H),
6.86 (ddJ = 8.9, 2.9 Hz, 1H), 3.79 (s, 3HJC NMR (acetone-dg, 125 MHz) §: 159.5,
158.5, 151.0, 139.1, 131.3, 129.6, 128.0, 127.3,212115.5, 114.2, 56.EI" calcd. for
C12H11N205SCl (M)': 298.0179; Found: 298.0173.

N-(2-Chloro-4-(trifluoromethyl)phenyl)pyridine-2-sulfonamide (3-Cl). Compound

NHSO,Py 3-Cl was prepared following Method A fromN-[4-

/@ (trifluoromethyl)phenyl]pyridine-2-sulfonamide3 (60.5 mg,
FsC cl 0.20 mmol) to give3-Cl as a white solid; yield: 60.0 mg (89%);

mp =109-110 °C'H NMR (acetone-dg, 500 MHZ) &: 9.01 (s, 1H), 8.71 (ddd, = 4.7,
1.7, 0.9 Hz, 1H), 8.12 (td,= 7.7, 1.7 Hz, 1H), 8.05 (di,= 7.9, 1.1 Hz, 1H), 7.97 (dd,
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J=8.7, 1.0 Hz, 1H), 7.76 (d,= 1.9 Hz, 1H), 7.69 (ddd, = 7.6, 4.7, 1.2 Hz, 1H), 7.67
— 7.64 (m, 1H)C NMR (acetone-ds, 125 MHz) &: 158.0, 151.2, 139.6, 139.1, 128.6,
127.9 (9,Jc-F = 33.4 Hz), 127.6 (qJcr = 32.5 Hz), 126.9, 125.6 (dc.r = 3.7 Hz),
124.6, 124.4 (qJcr = 271.4 Hz), 123.2"F NMR (acetone-ds, 282 MHz) §: 114.5.
El" calcd. for GoHgN2Fz0,SCl (M) 335.9947; Found: 335.9945.

52. METHOD B: ortho-Chlorination using NCS as a sour ce of chlorine

An oven-dried, nitrogen-flushed 20 mL vessel wabkarged with the
correspondingN-protected aniline 1£23) (0.20 mmol, 1.00 equiv), NCS (32.0 mg,
0.24 mmol, 1.2 equiv) and Cu(2.69 mg, 0.02 mmol, 10 mol%). The reaction vessel
was sealed with a Teflon lined cap, then evacuatedflushed with oxygen three times.
Under the atmosphere of oxygen, MeCN (1 mL) andritexnal standard-hexadecane
(50 uL) were addedria syringe. The resulting mixture was stirred at 1Q0for 4-8 h,
depending on the reactivity of the substrate (iaid for each case). After the reaction
was complete, the volatiles were removedvacuoand the residue was purified by
column chromatography{hexane-EtOAc 5:1), yielding the corresponding ghimted
products.

N-(2-Chlorophenyl)pyridine-2-sulfonamide (1-Cl). Compound1-Cl was prepared
NHSO,P following Method B (reaction time: 4 h) fromN-phenylpyridine-2-
@ sulfonamidel (46.9 mg, 0.20 mmol), to give-Cl as a white solid;
cl yield: 51.0 mg (95%); mp = 105-106 °C. For the wiiedl data
(NMR, HRMS analysis) see compoulxf| described in Method A.

N-(4-Chlorophenyl)-4-methylbenzenesulfonamide (4-Cl). Compound 4-CI was

NHT prepared following Method B (reaction time: 4 h)rfr 4-methyIN-

Q phenylbenzenesulfonamidg49.5 mg, 0.20 mmol) to giv&-Cl as a

cl white solid; yield: 55.0 mg (97%)H NMR (acetone-ds, 500 MHZz)

3: 9.06 (s, 1H), 7.68 (dl = 8.3 Hz, 2H), 7.32 (d) = 8.0 Hz, 2H), 7.27 (d) = 9.0 Hz,

2H), 7.22 (dJ = 9.1 Hz, 2H), 2.35 (s, 3HY’C NMR (acetone-dg, 125 MHZ) &: 144.6,
137.8, 137.7, 130.5, 130.1, 129.9, 128.0, 123.(R&21

N-(2,6-Dichlorophenyl)acetamide (5-Cl). Compound5-Cl was detected wheiN-
NHAG phenylacetamide5 (27.0 mg, 0.20 mmol) was used following

/E:[ Method B (reaction time: 4 h). This compound showed,; similar
Cl Cl

S19



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

R¢ than the starting acetanilide. MS: m/z (%) = 2060Q), 205(64), 207 (13), 204 (9),
206 (5).

N-(4-Chlorophenyl)-2-pyridinecar boxamide (6-Cl). Compound6-Cl was prepared
NHCOPy following Method B (reaction time: 4 h) fronN-phenyl-2-

Q pyridinecarboxamidé (39.6 mg, 0.20 mmol) to give-Cl as a

Cl white solid; vyield: 32.0mg (69%)*H NMR (acetone-ds,

300 MHZ) &: 10.34 (s, 1H), 8.68 (ddd,= 4.7, 1.7, 1.0 Hz, 1H), 8.24 (dt,= 7.8, 1.1

Hz, 1H), 7.99 (dJ = 8.9 Hz, 2H), 7.64 (dddl = 7.6, 4.8, 1.3 Hz, 1H), 7.41 (d= 8.9

Hz, 2H)."*C NMR (acetone-ds, 75 MHZ) &: 163.1, 150.7, 149.2, 138.9, 138.4, 129.6,

129.1, 127.7, 123.1, 122.2.

N-M ethyl-N-(4-chlor ophenyl)pyridine-2-sulfonamide (7-Cl). Compound7-Cl was
Me prepared following Method B (reaction time: 4 h;

Q NSOzPy chromatography eluents:hexane-EtOAc 5:1) from-methyl-N-

Cl phenylpyridine-2-sulfonamidé (49.7 mg, 0.20 mmol) to givé-

Cl as a white solid; yield: 51.0 mg (90%H NMR (acetone-ds, 300 MHZ) &: 8.77

(ddd,J = 4.6, 1.7, 0.9 Hz, 1H), 8.04 (td= 7.8, 1.7 Hz, 1H), 7.79 (dj,= 7.8, 1.1 Hz,

1H), 7.67 (dddJ = 7.7, 4.7, 1.1 Hz, 1H), 7.37 — 7.26 (m, 4H), 3(¢63H).*C NMR

(acetone-dg, 75 MHZ) &: 157.7, 151.0, 141.6, 139.2, 132.9, 129.7, 12823,1, 123.9,

40.0.

N-(2-Chloro-4-methoxyphenyl)pyridine-2-sulfonamide (2-Cl). Compound2-Cl| was
NHSO,Py prepared following Method B (reaction time: 4 hyrfr N-(4-
/@ methoxyphenyl)pyridine-2-sulfonamide 2 (52.9 mgq,
MeO “ 0.20 mmol) to give2-Cl as a white solid; yield: 53.1 mg
(89%). For the analytical data (NMR, HRMS analyss®e compound-Cl in Method
A.

N-(2-Chloro-4-methylphenyl)pyridine-2-sulfonamide (8-Cl). Compound8-Cl was

NHSO,Py prepared following Method B (reaction time: 4 hyrfr N-(p-

/@ tolyl)pyridine-2-sulfonamide8 (49.7 mg, 0.20 mmol) to givé-

Me Cl Cl as a white solid; yield: 44.0 mg (78%); mp = 128 2C.

'H NMR (acetone-ds, 300 MHZ) &: 8.74 — 8.67 (m, 1H), 8.53 (s, 1H), 8.04 (d 7.7,
1.8 Hz, 1H), 7.91 (dJ=7.6, 1.1 Hz, 1H), 7.64 (ddd,= 7.4, 4.6, 1.2 Hz, 1H), 7.45 (d,
J = 8.3 Hz, 1H), 7.19 (dJ = 2.1 Hz, 1H), 7.08 (dd] = 8.2, 2.0 Hz, 1H), 2.26 (s, 3H).
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3C NMR (acetone-ds, 125 MHz) &: 158.3, 151.0, 139.1, 138.1, 132.2, 130.7, 129.1,
128.5, 128.0, 126.6, 123.2, 208." calcd. for G,H11N,0,SCI (M)": 282.0230; Found:
282.0233.

N-(2-Chloro-4-iodophenyl)pyridine-2-sulfonamide (9-Cl). Compound 9-Cl was
NHSO,P prepared following Method B (reaction time: 4 hjorfh N-(4-
/@ iodophenyl)pyridine-2-sulfonamid® (72.0 mg, 0.20 mmol) to
! cl give 9-Cl as a white solid; yield: 46.0 mg (58%); mp = 102-
103 °C.*"H NMR (acetone-ds, 500 MHZ) &: 8.79 (s, 1H), 8.70 (ddd} = 4.6, 1.8, 0.9
Hz, 1H), 8.07 (td,) = 7.8, 1.7 Hz, 1H), 7.97 (d§,= 7.9, 1.0 Hz, 1H), 7.74 (d,= 2.0
Hz, 1H), 7.70 — 7.63 (m, 2H), 7.46 (d,= 8.6 Hz, 1H).*C NMR (acetone-ds,
125MH2) &: 158.0, 151.0, 139.3, 138.5, 137.6, 135.3, 12028,3, 127.6, 123.2, 89.6.
El" calcd. for GiHgN2,O,SCII (M)*: 393.9040; Found: 393.9048.

N-(4-Bromo-2-chlorophenyl)pyridine-2-sulfonamide (10-Cl). Compound10-Cl| was

NHSO,Py prepared following Method B (reaction time: 4 hprfr N-(4-
5 /(;[ bromophenyl)pyridine-2-sulfonamid#) (62.6 mg, 0.20 mmol)
"

Cl
to give 10-Cl as a white solid; yield: 42.0 mg (61%); mp = 163-

165 °C.*H NMR (acetone-dg, 300 MHz) &: 8.76 (s, 1H), 8.71 (dl = 3.6 Hz, 1H), 8.09
(tt, J= 7.5, 1.7 Hz, 1H), 7.98 (d,= 7.4 Hz, 1H), 7.73 — 7.60 (m, 1H), 7.65 — 7.56 (m
2H), 7.49 (dtJ = 8.7, 2.0 Hz, 1H)**C NMR (acetone-ds, 125 MHz) &: 158.1, 151.1,
139.4, 134.7, 132.8, 131.6, 129.3, 128.3, 127.73.212119.1. EI* calcd. for
C11HgN2O,SCIBr (M)*: 345.9178; Found: 345.9169.

N-(2,4-Dichlorophenyl)pyridine-2-sulfonamide (11-Cl). Compound 11-Cl was
NHSO,P prepared following Method B (reaction time: 4 hprfr N-(4-

/@ chlorophenyl)pyridine-2-sulfonamidél (53.7 mg, 0.20 mmol)
Cl Cl to give 11-Cl as a white solid; yield: 46.0 mg (76%); mp = 110-
111 °C.*H NMR (acetone-dg, 500 MHz) &: 8.79 (s, 1H), 8.70 (ddd} = 4.7, 1.7, 0.9
Hz, 1H), 8.08 (tdJ = 7.8, 1.7 Hz, 1H), 7.96 (d§,= 7.8, 1.0 Hz, 1H), 7.70 — 7.64 (m,
2H), 7.47 (d,J = 2.4 Hz, 1H), 7.35 (dd] = 8.8, 2.4 Hz, 1H)**C NMR (acetone-ds,
125MHz) 6: 158.1, 151.1, 139.4, 134.3, 131.8, 130.0, 12928.7, 128.3, 127.5,
123.2.El" calcd. for GiHgN,0,SCh (M)*: 301.9684; Found: 301.9681.
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N-(2-Chloro-4-fluor ophenyl)pyridine-2-sulfonamide (12-Cl). Compound12-Cl was
prepared following Method B (reaction time: 4 hprfr N-(4-
/@NHSOZPY fluorophenyl)pyridine-2-sulfonamid&2 (50.5 mg, 0.20 mmol) to
F Cl give 12-Cl as a white solid; yield: 46.0 mg (80%); mp = 979@8
'H NMR (acetone-dg, 500 MHZ) &: 8.75 — 8.68 (m, 2H), 8.06 (td,= 7.8, 1.7 Hz, 1H),
7.91 (dd,J = 7.9, 2.5 Hz, 1H), 7.70 — 7.59 (m, 2H), 7.25 (it 8.4, 2.7 Hz, 1H), 7.13
(ddt, J = 9.0, 7.9, 2.7 Hz, 1H)*C NMR (acetone-ds, 125 MHz) &: 161.1 (d,Jc.r =
161.1 Hz), 158.31 (s), 151.0, 139.3, 131.6Jk =3.4 Hz), 130.5 (dJcr = 10.9 Hz),
129.1 (dJcr = 9.2 Hz), 128.2, 123.1, 117.5 @,r = 26.2 Hz), 115.5 (d] = 22.4 Hz).
YF NMR (acetone-ds, 471 MHZ) &: -115.7.El* caled. for GiHgN.O-FSCI (M)
285.9979; Found: 285.9991.

N-(2-Chloro-4-(trifluoromethyl)phenyl)pyridine-2-sulfonamide (3-Cl). Compound

NHSO,Py 3-Cl was prepared following Method B (reaction timeh)4
FsC” : :

ol from N-[4-(trifluoromethyl)phenyl]pyridine-2-sulfonamide3
(60.5 mg, 0.20 mmol) to giv8-Cl as a white solid; yield:
54.0 mg (80%). For the analytical data (NMR, HRMtalgsis) see compouriCl in

Method A.

N-(4-Acetyl-2-chlor ophenyl)pyridine-2-sulfonamide (13-Cl). Compound13-Cl was
NHSO,Py prepared following Method B (reaction time: 4 hyrfr N-(4-
/@ acetylphenyl)pyridine-2-sulfonamide 13 (55.3 mg,
MeOC Cl 0.20 mmol) to givel3-Cl as a white solid; yield: 45.3 mg
(73%); mp = 136-138 °CH NMR (acetone-dg, 500 MHZ) §: 8.95 (bs, 1H), 8.70 (d}
= 4.1 Hz, 1H), 8.15 — 8.08 (m, 1H), 8.08 — 8.04 i), 7.95 (dJ = 1.9 Hz, 1H), 7.93 —
7.87 (m, 1H), 7.87 — 7.83 (m, 1H), 7.68 (ddds 7.5, 4.7, 1.3 Hz, 1H), 2.55 (s, 3H).
3C NMR (acetone-ds, 125 MHz) &: 195.9, 158.0, 151.1, 139.5, 139.4, 135.3, 130.3,
128.6, 128.5, 126.2, 123.3, 26E." calcd. for GsH1:N,OsSCl (M)": 310.0179; Found:
310.0170.

Methyl 3-chloro-4-(pyridine-2-sulfonamido)benzoate (14-Cl). Compoundl4-Cl was
NHSO,Py prepared following Method B (reaction time: 4 hprfr
/@ methyl 4-N-(2-pyridyl)sulfonylamino]benzoate 14
MeO,C Cl (58.5 mg, 0.20 mmol) to givi4-Cl as a white solid; yield:
56.0 mg (86%); mp = 129-130 °¢éH NMR (acetone-ds, 500 MHz) &: 8.94 (s, 1H),
8.70 (d,J = 4.6 Hz, 1H), 8.10 (td) = 7.7, 1.7 Hz, 1H), 8.05 (d§,= 7.9, 1.1 Hz, 1H),
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7.94 (d,J = 1.8 Hz, 1H), 7.89 (dd] = 8.6, 1.8 Hz, 1H), 7.85 (d,= 8.6 Hz, 1H), 7.67
(ddd,J = 7.6, 4.7, 1.2 Hz, 1H), 3.86 (s, 3HJC NMR (acetone-dg, 125 MHz) §: 165.6,

157.8, 151.1, 139.5, 139.5, 131.3, 129.5, 128.8,312126.0, 123.4, 123.3, 526"

calcd. for GaH1:N,O4SCl (M)': 326.0128; Found: 326.0116.

N-(2-Chloro-4-cyanophenyl)pyridine-2-sulfonamide (15-Cl). Compound15-Cl was
NHSO,Py prepared following Method B (reaction time: 4 hyrfr N-(4-

/@ cyanophenyl)pyridine-2-sulfonamid&s (51.8 mg, 0.20 mmol)
NC Cl to give 15-Cl as a white solid; yield: 48.0 mg (82%); mp = 143-
146 °C.*"H NMR (acetone-ds, 500 MHz) &: 9.10 (s, 1H), 8.71 (dddl = 4.7, 1.7, 0.9
Hz, 1H), 8.16 — 8.10 (m, 1H), 8.10 — 8.05 (m, 1AY7 (d,J = 8.6 Hz, 1H), 7.88 (d,
J=1.9 Hz, 1H), 7.76 — 7.67 (m, 2H®C NMR (acetone-ds, 125 MHz) &: 157.8,
151.2, 140.0, 139.6, 134.1, 132.5, 128.6, 126.3,912123.3, 117.9, 109.&l" calcd.
for C1oHgN30.SCI (M)™: 293.0026; Found: 293.0037.

N-(2-Chloro-4-nitrophenyl)pyridine-2-sulfonamide (16-Cl). Compound16-Cl was
NHSO,Py prepared following Method B (reaction time: 4 hyrfr N-(4-

/@ nitrophenyl)pyridine-2-sulfonamidd6 (55.8 mg, 0.20 mmol)
O2N Cl to give 16-Cl as a white solid; yield: 54.0 mg (86%); mp =
176-177 °C'*H NMR (acetone-ds, 500 MHz) &: 8.68 (dt,J = 4.7, 1.3 Hz, 1H), 8.23 (d,
J= 2.7 Hz, 1H), 8.15 — 8.06 (m, 3H), 7.97 {d 9.2 Hz, 1H), 7.66 (ddd] = 6.2, 4.7,
2.5 Hz, 1H).*C NMR (acetone-dg, 125 MHz) &: 158.8, 150.9, 144.4, 143.5, 139.4,
128.2, 125.8, 125.7, 123.9, 123.1, 12EP. calcd. for GiHgNsO4SCl (M)": 312.9924;
Found: 312.9923.

N-(2-Chloro-3-fluor ophenyl)pyridine-2-sulfonamide (17-Cl). Compound17-Cl was

Cl prepared following Method B (reaction time: 8 hprfr N-(3-
F\@/NHS%PV fluorophenyl)pyridine-2-sulfonamid&7 (50.5 mg, 0.20 mmaol) to

give 17-Cl as a white solid; yield: 45.0 mg (78%); mp = 114-

116 °C.*"H NMR (acetone-dg, 500 MHZz) &: 8.81 (s, 1H), 8.72 (ddd, = 4.7, 1.8, 0.9
Hz, 1H), 8.10 (tdJ = 7.7, 1.7 Hz, 1H), 8.03 (di,= 7.9, 1.1 Hz, 1H), 7.68 (ddd= 7.6,
4.7, 1.2 Hz, 1H), 7.55 (dd, = 10.4, 3.0 Hz, 1H), 7.43 (dd,= 8.9, 5.7 Hz, 1H), 6.97
(ddd,J = 8.9, 7.9, 3.0 Hz, 1H}*C NMR (acetone-dg, 125 MHZ) &: 162.1 (d,Jc.r =
244.3 Hz), 157.9, 151.1, 139.5, 136.6 Jd- = 11.3 Hz), 131.6 (dJc.r = 9.4 Hz),
128.4, 123.2, 122.2 (dc-¢ = 3.5 Hz), 113.9 (dJc.r = 23.3 Hz), 112.0 (dJc.r = 27.6
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Hz). °F NMR (acetone-dg, 471 MHZ) &: -114.4.EI" calcd. for GiHsN,O,FSCI (M)
285.9979; Found: 285.9989.

N-(2-Chloro-5-isopropylphenyl)pyridine-2-sulfonamide (18-Cl). Compound 18-Cl
. NHSO,Py was prepared following Method B (reaction time:)&dom N-

\@ (3-isopropylphenyl)pyridine-2-sulfonamide 18  (55.3 mg,

Cl 0.20 mmol) to givel8-Cl as a white solid; yield: 32.0 mg

(52%); mp = 136-137 °C. This compound could not doenpletely purified from
presumably minor chlorinated side product$.NMR (acetone-ds, 500 MHz) &: 8.72
(ddd,J = 4.7, 1.6, 0.9 Hz, 1H), 8.57 (s, 1H), 8.11 — 80 1H), 7.96 (dtJ = 7.8, 1.0
Hz, 1H), 7.65 (dddJ = 7.6, 4.7, 1.1 Hz, 1H), 7.47 (d= 2.2 Hz, 1H), 7.27 (d) = 8.3
Hz, 1H), 7.04 (ddJ = 8.3, 2.1 Hz, 1H), 2.78 (s, 1H), 1.16 {d; 6.9 Hz, 6H)*C NMR
(acetone-dg, 125 MH2) 4: 158.2, 151.0, 149.5, 139.2, 134.7, 130.2, 12®%5,7, 125.2,
124.0, 123.4, 34.3, 24.(EI" calcd. for G4H15N,O,SCI (M)": 310.0543; Found:
310.0536.

N-[2-Chloro-3-(trifluoromethyl)phenyl]pyridine-2-sulfonamide and N-[2-chloro-5-
(trifluoromethyl)phenyl]pyridine-2-sulfonamide (19-Cl). Following Method B

(reaction time: 8 h) fronN-[3-(trifluoro-

Cl

F30\©/NH302PY F3C NHSO,Py  methyl)phenyl]pyridine-2-sulfonamide
* \@CI 19 (60.4 mg, 0.20 mmol) a mixture of

regioisomersl9-Cl was obtained in a 1:1 ratio, as a white solidldyi89.0 mg (58%).

'H NMR (acetone-dg, 300 MHz) [(19a+19b)-Cl] &: 9.02 (s, 1H), 8.85 — 8.52 (m, 1H),

8.31 — 7.91 (m, 3H), 7.87 — 7.58 (m, 2H), 7.58 367(m, 1H).M S(19a-Cl): m/z (%)

336 (4), 301 (64), 237 (28), 78 (L004.S(19b-Cl): m/z (%) 336 (12), 301 (13), 237

(49), 78 (100).

N-(2,3-Dichloro-4-iodophenyl)pyridine-2-sulfonamide (20-Cl). Compound 20-Cl
Cl was prepared following Method B (reaction time:)&tom N-

C':©/NHSO2PV (3-chloro-4-iodophenyl)pyridine-2-sulfonamide20 (78.9 mg,

| 0.20 mmol) to give0-Cl as a white solid; yield: 50.0 mg (58%);
mp = 152-154 °C'*H NMR (acetone-ds, 500 MHZ) &: 9.73 (s, 1H), 9.49 (ddd,= 4.7,
1.7, 0.9 Hz, 1H), 8.88 (td, = 7.7, 1.7 Hz, 1H), 8.79 (d§,= 7.9, 1.1 Hz, 1H), 8.69 (d,
J=8.8 Hz, 1H), 8.47 (ddd,= 7.6, 4.7, 1.2 Hz, 1H), 8.26 (d= 8.7 Hz, 1H)*C NMR
(acetone-dg, 125 MHZ) 6: 158.0, 151.1, 139.5, 139.1, 137.5, 137.4, 12”6,3, 125.0,
123.2, 94.4EI" calcd. for GiH/N,O,SChl (M)™: 427.8650; Found: 427.8645.
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N-(4-Bromo-2,3-dichlorophenyl)pyridine-2-sulfonamide (21-Cl). Compound21-CI

Cl was prepared following Method B (reaction time:)&tom N-

Cl NHSO,Py (4-bromo-3-chlorophenyl)pyridine-2-sulfonamid&l (69.5 mg,
Br;©/ 0.20 mmol) to give1-Cl as a white solid; yield: 46.0 mg (60%);
mp = 144-145 °C*H NMR (acetone-dg, 500 MHZ) §:9.00 (s, 1H), 8.70 (ddd), = 4.5,
1.6, 0.8 Hz, 1H), 8.09 (tdl = 7.8, 1.7 Hz, 1H), 8.00 (df,= 7.8, 1.0 Hz, 1H), 7.80 —
7.66 (m, 2H), 7.63 (dJ = 8.9 Hz, 1H).2*C NMR (acetone-ds, 125 MHz) &: 158.0,
151.1, 139.5, 136.6, 133.8, 132.7, 128.4, 128.6.0,2123.2, 119.9EI" calcd. for
C11H7N,O>SChLBr (M)*: 379.8789; Found: 379.8797.

N-(2,3,4-Trichlorophenyl)pyridine-2-sulfonamide (22-Cl). Compound 22-Cl was
Cl prepared following Method B (reaction time: 8 hyrfr N-(3,4-

C':©/NH802PV dichlorophenyl)pyridine-2-sulfonamid#? (78.9 mg, 0.20 mmol)
cl to give22-Cl as a white solid; yield: 55.0 mg (64%); mp = 131-
132 °C.*H NMR (acetone-ds, 300 MHZ) &: 8.97 (s, 1H), 8.70 (ddd} = 4.7, 1.8, 1.0
Hz, 1H), 8.10 (td,) = 7.8, 1.7 Hz, 1H), 7.99 (di,= 7.9, 1.1 Hz, 1H), 7.75 — 7.61 (m,
2H), 7.55 (td,J = 9.0 Hz, 1H)."*C NMR (acetone-dgs, 125 MHz) &: 158.0, 151.1,
139.5, 135.9, 132.0, 131.5, 130.8, 129.4, 128.44.8,2123.2.EI" calcd. for
C11H7N,0,SCk (M)™: 335.9294; Found: 335.9305.

N-(6-Chlorobenzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide (23-Cl). Compound
o NHSO,P 23-Cl was prepared following Method B (reaction timeh)8
<:(:[ from N-(benzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide23
© cl (55.6 mg, 0.20 mmol) to givé3-Cl as a white solid; yield:
46.2 mg (74%); mp = 169-171 °84 NMR (acetone-ds, 300 MHz) &: 8.72 (ddd,J =
4.7,1.7, 0.9 Hz, 1H), 8.52 (s, 1H), 8.10 — 7.99 1), 7.95 — 7.87 (m, 1H), 7.65 (ddd,
J=17.6,4.7,1.2 Hz, 1H), 7.08 (s, 1H), 6.86 (s, 15 (s, 2H)*C NMR (acetone-ds,
75MHZ2) 6: 158.3, 151.0, 147.9, 147.5, 139.2, 128.3, 12823,2, 121.9, 109.8, 108.4,

103.4.E17 calcd. for GoHgN,O4SCI (M)™: 311.9972; Found: 311.9983.

53. METHOD C: ortho-Bromination using NBS as a sour ce of bromine

An oven-dried, nitrogen-flushed 20 mL vessel wabkarged with the
correspondingN-protected aniline2-3, 8-17, 22 and23) (0.20 mmol, 1.00 equiv), NBS
(42.7 mg, 0.24 mmol, 1.2 equiv) and CwB#.47 mg, 0.02 mmol, 10 mol%). The
reaction vessel was sealed with a Teflon lined tlagn evacuated and flushed with
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oxygen three times. Under the atmosphere of oxylyeCN (1 mL) and the internal
standardn-hexadecane (50(L) were addedvia syringe. The resulting mixture was
stirred at 100 °C for 4-8 h, depending on the iergtof the substrate (indicated for
each case). After the reaction was complete, thatiles were removeth vacuoand

the residue was purified by column chromatographlygxane-EtOAc 5:1), yielding the

corresponding brominated products.

N-(2-Bromo-4-methoxyphenyl)pyridine-2-sulfonamide (2-Br). Compound2-Br was
NHSO,Py prepared following Method C (reaction time 16 jnfrN-(4-

/@ methoxyphenyl)pyridine-2-sulfonamide 2 (52.9 mgq,
MeO Br 0.20 mmol), copper(ll) bromide (8.94mg, 0.04 mmol,
20 mol%) and DMF (1.00 mL) at 150 °C, to gidr as a white solid; yield: 60.3 mg
(88%); mp = 136-137 °CH NMR (acetone-dg, 300 MHZ) &: 8.71 (ddd,J = 4.6, 1.7,
0.8 Hz, 1H), 8.38 (s, 1H), 8.10 — 7.94 (m, 1H)67(8t,J= 7.9, 1.0 Hz, 1H), 7.64 (ddd,
J=17.6,4.7, 1.2 Hz, 1H), 7.40 (ddi= 8.9, 1.0 Hz, 1H), 7.10 (d,= 2.8 Hz, 1H), 6.90
(ddd,J = 8.9, 2.8, 1.0 Hz, 1H), 3.79 (s, 3HJC NMR (acetone-ds, 75 MHz) &: 159.5,
158.6, 151.0, 139.1, 129.5, 128.9, 127.9, 123.2,512118.7, 114.8, 56.EI" calcd. for
C12H11N20sSBr (M)": 341.9674; Found: 341.9675.
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N-(2-Bromo-4-methylphenyl)pyridine-2-sulfonamide (8-Br). Compound8-Br was
prepared following Method C (reaction time: 8 hyrir N-(p-

/@NHSOZPy tolyl)pyridine-2-sulfonamide8 (49.7 mg, 0.10 mmol) to givé-

Me Br Br as a white solid; yield: 35.0 mg (71%); mp = 1Z%2C.

'H NMR (acetone-ds, 500 MHz) &: 8.71 (dd,J = 3.8, 1.0 Hz, 1H), 8.36 (s, 1H), 8.04

(td,J=7.8, 1.7 Hz, 1H), 7.91 (dd,= 7.9, 1.1 Hz, 1H), 7.65 (ddd,= 7.6, 4.7, 1.2 Hz,

1H), 7.44 (dd,) = 8.2, 3.4 Hz, 1H), 7.37 (s, 1H), 7.13 (dd; 8.3, 2.0 Hz, 1H), 2.27 (s,

3H). *C NMR (acetone-ds, 125 MHz) &: 158.3, 151.0, 139.2, 138.5, 134.0, 133.6,

129.8, 128.1, 126.7, 123.3, 119.0, 20B0. calcd. for GoH11N,0,SBr (M)*: 325.9725;

Found: 325.9738.

N-(2-Bromo-4-iodophenyl)pyridine-2-sulfonamide (9-Br). Compound 9-Br was
NHSO,Py prepared following Method C (reaction time: 8 hpnir N-(4-
/@ iodophenyl)pyridine-2-sulfonamid® (72.0 mg, 0.20 mmol) to
' Br give 9-Br as a white solid; yield: 50.0 mg (57%): mp = 111-
112 °C.*H NMR (acetone-ds, 500 MHz) &: 8.70 (ddd,J = 4.7, 1.6, 0.8, 1H), 8.56 (s,
1H), 8.13 — 8.03 (m, 1H), 8.01 — 7.94 (m, 1H), 7@ = 2.0 Hz, 1H), 7.75 — 7.62 (m,
2H), 7.45 (dJ = 8.6 Hz, 1H)*C NMR (acetone-ds, 125 MHz) &: 158.1, 151.1, 141.5,
139.4, 138.3, 136.7, 128.3, 127.8, 123.24, 119@0.9. 90.1.EI" calcd. for

C11HgN2O,SBrl (M)*: 437.8535; Found: 437.8553.

N-(2,4-Dibromophenyl)pyridine-2-sulfonamide (10-Br). Compound 10-Br was
NHSO,Py prepared following Method C (reaction time: 8 hyprfr N-(4-

/@ bromophenyl)pyridine-2-sulfonamidi® (62.6 mg, 0.2 mmol) to
Br Br give 10-Br as a white solid; yield: 67.0 mg (85%); mp = 101-
102 °C.*H NMR (acetone-ds, 500 MHz) §: 8.71 (dddJ = 4.7, 1.6, 0.9 Hz, 1H), 8.59
(s, 1H), 8.08 (tdJ = 7.8, 1.7 Hz, 1H), 7.96 (di,= 7.9, 1.0 Hz, 1H), 7.75 (d,= 2.2 Hz,
1H), 7.67 (dddJ = 7.6, 4.7, 1.2 Hz, 1H), 7.60 (d@= 8.7 Hz, 1H), 7.53 (dd} = 8.7, 2.3
Hz, 1H).2*C NMR (acetone-ds, 125 MHZ) &: 158.1, 151.1, 139.4, 136.0, 135.8, 132.2,
128.3, 127.9, 123.2, 119.5, 119BEI" calcd. for GiHgN-,O.SBr, (M)*: 389.8673;
Found: 389.8684.

N-(2-Bromo-4-chlorophenyl)pyridine-2-sulfonamide (11-Br). Compoundl1-Br was

: NHSO,Py prepared following Method C (reaction time: 8 hprfr N-(4-
Cl

5 chlorophenyl)pyridine-2-sulfonamid#&l (53.7 mg, 0.20 mmol)
"
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to give 11-Br as a white solid; yield: 31.0 mg (45%); mp = 1@2C.'H NMR
(acetone-dg, 500 MH?z) 6: 8.71 (dddJ = 4.7, 1.6, 0.8 Hz, 1H), 8.60 (s, 1H), 8.08 (d,
=7.8,1.7 Hz, 1H), 7.96 (d§,= 7.8, 1.0 Hz, 1H), 7.68 (d,= 1.1 Hz, 1H), 7.65 (d] =
8.7 Hz, 1H), 7.62 (dJ = 2.4 Hz, 1H), 7.40 (dd) = 8.7, 2.4 Hz, 1H)*C NMR
(acetone-dg, 125 MH2) 4: 158.1, 151.1, 139.4, 135.6, 133.1, 132.1, 12m08,3, 127.7,
123.2, 119.4EI" calcd. for GiHgN-,O,SCIBr (M)*: 345.9178; Found: 345.9180.

N-(2-Bromo-4-fluor ophenyl)pyridine-2-sulfonamide (12-Br). Compoundl12-Br was
NHSO,Py prepared following Method C (reaction time: 8 hprfr N-(4-

/@ fluorophenyl)pyridine-2-sulfonamid&2 (50.5 mg, 0.20 mmol) to
F Br give 12-Br as a white solid; yield: 52.0 mg (79%); mp = 111-
112 °C.*H NMR (acetone-ds, 500 MHZ) §: 8.71 (dddJ = 4.7, 1.8, 1.0 Hz, 1H), 8.58
(s, 1H), 8.06 (tdJ = 7.8, 1.7 Hz, 1H), 7.92 (dd,= 7.9, 1.1 Hz, 1H), 7.67 (ddd,= 7.6,
4.7, 1.1 Hz, 1H), 7.62 (dd, = 9.0, 5.5 Hz, 1H), 7.41 (dd,= 8.2, 2.9 Hz, 1H), 7.17
(ddd,J = 9.1, 8.0, 2.9 Hz, 1H)*C NMR (acetone-ds, 125 MHz) &: 161.1 (d,Jc.r =
248.2 Hz), 158.3, 151.1, 139.3, 133.0J¢r = 3.3 Hz), 129.2 (dJc.r = 8.9 Hz), 128.2,
123.2, 120.6 (dJc.r = 25.8 Hz), 120.5, 116.0 (dc.r = 22.4 Hz)."*F NMR (acetone-
de, 471 MHZ) §&: -115.6. El" calcd. for GiHgN,O.FSBr (M): 329.9474; Found:
329.9463.

N-(2-Bromo-4-(trifluoromethyl)phenyl)pyridine-2-sulfonamide (3-Br). Compound
NHSO,Py 3-Br was prepared following Method C (reaction timeh)8
/@ from N-(4-(trifluoromethyl)phenyl)pyridine-2-sulfonamide3
FsC Br (60.5 mg, 0.20 mmol) to giv8-Br as a white solid; yield:
71.0 mg (83%); mp = 88-89 °¢H NMR (acetone-ds, 500 MHz) &: 8.78 (s, 1H), 8.74
—8.69 (m, 1H), 8.12 (td] = 7.8, 1.7 Hz, 1H), 8.05 (dd,= 7.9, 1.3 Hz, 1H), 7.94 (d,
J=8.6 Hz, 1H), 7.92 (s, 1H), 7.73 — 7.67 (m, 2B NMR (acetone-ds, 125 MHZ) 5:
157.9, 151.2, 140.4, 139.6, 130.8 Jg.r = 3.8 Hz), 128.6, 128.4 (gc.r = 33.4 Hz),
126.3 (0,dcr = 3.8 Hz), 124.9, 124.2 (dcr = 271.5 Hz), 123.3, 117.6°F NMR
(acetone-ds, 471 MHZz) &: -62.9. EI" calcd. for GoHgN,O.F3SBr (M)": 379.9442;
Found: 379.9423.

N-(4-Acetyl-2-bromophenyl)pyridine-2-sulfonamide (13-Br). Compoundl3-Br was

NHSO,Py Prepared following Method C (reaction time: 8 rgrfrN-(4-
Q acetylphenyl)pyridine-2-sulfonamide 13 (55.3 mg,
MeOC

Br
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0.20 mmol) to givel3-Br as a white solid; yield: 60.1 mg (85%); mp = 11B2C.
'H NMR (acetone-ds, 500 MHz) &: 8.71 (dd,J = 4.7, 1.0 Hz, 1H), 8.68 (s, 1H), 8.16 —
8.09 (m, 2H), 8.06 (d] = 7.9 Hz, 1H), 7.97 — 7.91 (m, 1H), 7.86 — 7.79 {iH), 7.69
(ddd,J= 7.6, 4.7, 1.2 Hz, 1H), 2.55 (s, 3HJC NMR (acetone-ds, 125 MHZ) &: 195.8,
157.8, 151.2, 140.5, 139.5, 135.8, 133.7, 129.8,5.2123.6, 123.4, 116.4, 26Bl"
calcd. for GaH1:N,O3SBr (M)': 353.9674; Found: 353.9676.

Methyl 3-bromo-4-(pyridine-2-sulfonamido)benzoate (14-Br). Compound 14-Br
NHSO,Py was prepared following Method C (reaction time:)8rom

/@ methyl 4-N-(2-pyridyl)sulfonylamino]benzoate 14
MeO,C Br (58.5 mg, 0.20 mmol) to givé4-Br as a white solid; yield:
64.0 mg (86%); mp = 145-146 °¢H NMR (acetone-dg, 500 MHz) &: 8.70 (dddJ =
4.7, 1.7, 0.9 Hz, 1H), 8.67 (s, 1H), 8.14 — 8.08 o), 8.05 (dtJ = 7.9, 1.1 Hz, 1H),
7.93 (dd,J = 8.6, 1.9 Hz, 1H), 7.84 (d,= 8.6 Hz, 1H), 7.68 (ddd, = 7.5, 4.7, 1.2 Hz,
1H), 3.87 (s, 3H).®*C NMR (acetone-ds, 125 MHZ) &: 165.4, 157.8, 151.2, 140.7,
139.5, 134.7, 130.2, 128.8, 128.5, 123.7, 123.46.21152.6. EI" calcd. for
C13H1:N,04SBr (M)": 369.9623; Found: 369.9638.

N-(2-Bromo-4-cyanophenyl)pyridine-2-sulfonamide (15-Br). Compoundl15-Br was
NHSO,Py prepared following Method C (reaction time: 8 hynfr N-(4-
/@ cyanophenyl)pyridine-2-sulfonamidés (51.8 mg, 0.20 mmol)
NC Br to give15-Br as a white solid; yield: 49.8 mg (74%); mp = 142-
143 °C.*H NMR (acetone-dg, 500 MHz) &: 8.84 (s, 1H), 8.71 (dl = 4.3 Hz, 1H), 8.18
—8.09 (m, 1H), 8.10 — 8.05 (m, 1H), 8.04 J& 1.9 Hz, 1H), 7.95 (d] = 8.5 Hz, 1H),
7.77 (ddJ = 8.6, 1.9 Hz, 1H), 7.71 (ddd,= 7.6, 4.7, 1.2 Hz, 1H)*C NMR (acetone-
ds, 125 MH2) &: 157.8, 151.2, 141.1, 139.6, 137.3, 133.1, 12&4.2, 123.3, 117.7,
116.4, 110.2EI" calcd. for GoHgN30O,SBr (M)": 336.9521; Found: 336.9505.

N-(2-Bromo-4-nitrophenyl)pyridine-2-sulfonamide (16-Br). Compound16-Br was
prepared following Method C (reaction time: 8 hynfr N-(4-

NHSO,Py
/@ nitrophenyl)pyridine-2-sulfonamidd6 (55.8 mg, 0.20 mmol)
O,N

Br to give 16-Br as a yellow solid; yield: 52.1 mg (73%); mp =

153-155 °C*H NMR (acetone-dg, 300 MHZ) &: 8.71 (ddd,J = 4.7, 1.7, 1.0 Hz, 1H),
8.42 (d,J = 2.6 Hz, 1H), 8.23 — 8.20 (dd= 9.1, 2.6 Hz, 1H), 8.18 — 8.07 (m, 2H), 8.03
(d, J = 9.1 Hz, 1H), 7.71 (ddd) = 7.1, 4.7, 1.7 Hz, 1H)**C NMR (acetone-ds,
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75MHZz) &: 157.8, 151.2, 145.1, 143.1, 139.7, 129.1, 12&4,53, 123.3, 123.2, 115.6.
El" calcd. for GiHgN3O4SBr (M)": 356.9419; Found: 356.9415.

N-(2-Bromo-3-fluor ophenyl)pyridine-2-sulfonamide (17-Br). Compoundl7-Br was

Br prepared following Method C (reaction time: 16 hpni N-(3-
F\@/NHSOZPV fluorophenyl)pyridine-2-sulfonamid&7 (50.5 mg, 0.20 mmol) to

give 17-Br as a white solid; yield: 42.0 mg (64%). This

compound could not be completely purified from praably minor brominated side
products.H NMR (acetone-dg, 500 MHz) &: 9.59 (s, 1H), 8.70 (ddd,= 4.7, 1.7, 0.9
Hz, 1H), 8.13 — 8.06 (m, 1H), 8.06 — 8.02 (m, 1HE5 (dddJ = 7.4, 4.7, 1.4 Hz, 1H),
7.52 (dd,J = 8.7, 7.9 Hz, 1H), 7.27 (dd,= 10.6, 2.5 Hz, 1H), 7.09 (ddd,= 8.8, 2.5,
1.0 Hz, 1H)."*C NMR (acetone-ds, 125 MHZ) &: 159.7 (d,Jc.r = 244.7 Hz), 157.6,
140.2 (d,Jc.F = 9.7 Hz), 139.4, 137.0, 128.5, 128.3, 123.5, 318, Jcr = 3.3 H2z),
113.3 (dJcr = 27.9 Hz), 109.2 (dlc. = 26.6 Hz), 103.5 (dlc.r = 20.9 Hz)°F NMR
(acetone-ds, 471 MHz) &: -107.3. EI* calcd. for GiHgN-O-FSBr (M)": 329.9474;
Found: 329.9472.

N-(2-Bromo-5-isopropylphenyl)pyridine-2-sulfonamide (18-Br). Compound18-Br
o NHSO,Py was prepared following Method C (reaction time:)&rom N-

\E:[ (3-isopropylphenyl)pyridine-2-sulfonamide 18 (55.3 mg,

Br 0.20 mmol) to givel8-Br as a white solid; yield: 36.9 mg

(52%); mp = 185-186 °C. This compound could notcbenpletely purified from a
minor unidentified side productH NMR (acetone-dg, 500 MHZ) &: 9.26 (s, 1H), 8.71
(ddd,J=4.7,1.7, 0.9 Hz, 1H), 8.09 — 8.02 (m, 1H), 8:07.96 (m, 1H), 7.62 (ddd,=
7.6, 4.7, 1.2 Hz, 1H), 7.41 (d,= 8.6 Hz, 1H), 7.28 (d] = 2.7 Hz, 1H), 7.05 (dd] =
8.6, 2.7 Hz, 1H), 3.22 (dfl = 13.7, 6.9 Hz, 1H), 1.13 (d,= 6.8 Hz, 6H).**C NMR
(acetone-dg, 125 MH2) é: 157.8, 151.0, 148.7, 139.2, 138.6, 133.9, 12®3,6, 121.1,
120.4, 119.4, 33.6, 22.€SI" calcd. for G4H1sN,O.SBr (M+H)": 355.0110; Found:
355.0121.

N-[2-bromo-5-(trifluoromethyl)phenyl]pyridine-2-sulfonamide (19-Br). Compound

FC NHSO,Py 19-Br was prepared following Method C (reaction timeh)8
\Q from N-[3-(trifluoromethyl)phenyl]pyridine-2-sulfonamidd9

Br (60.4 mg, 0.20 mmol) to givd9-Br as a white solid; yield:

44.8 mg (59%); mp = 138-139 °&4 NMR (acetone-dg, 500 MHZz) [19-Br] &: 8.82 (s,
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1H), 8.72 (dJ = 3.8 Hz, 1H), 8.17 — 8.09 (m, 1H), 8.07 Jd; 2.0 Hz, 1H), 8.02 (d] =
7.9 Hz, 1H), 7.84 (dd) = 8.4, 1.0 Hz, 1H), 7.70 (ddd,= 7.6, 4.6, 1.1 Hz, 1H), 7.45
(dd, J = 8.3, 1.9 Hz, 1H)®*C NMR (acetone-ds, 125 MHz) &: 158.2, 151.1, 139.5,
137.8, 135.0, 131.0, 129.5 (@ = 294.1 Hz), 128.5, 124.0 (de.r = 3.9 Hz), 123.2,
122.7 (9Jc.r = 4.4 Hz), 122.5 (gdcr = 1.3 Hz).F NMR (acetone-ds, 471 MHZ) &: -
63.4.ESI" calcd. for GoHgN,O.FsSBr (M+H)": 380.9514; Found: 380.9500.

N-(2-Bromo-3,4-dichlor ophenyl)pyridine-2-sulfonamide (22-Br). Compound22-Br

Br was prepared following Method C (reaction time:h)Grom N-
C':©/NHSOZPV (3,4-dichlorophenyl)pyridine-2-sulfonamide 22  (60.6 mg,
cl 0.20 mmol) to give22-Br as a white solid; yield: 46.0 mg
(60%); mp = 176-178 °CH NMR (acetone-ds, 500 MHz) &: 8.76 (s, 1H), 8.70 (ddd,
= 4.6, 1.8, 1.0 Hz, 1H), 8.09 (td,= 7.8, 1.7 Hz, 1H), 7.99 (dd,= 7.8, 1.0 Hz, 1H),
7.73 — 7.65 (m, 2H), 7.60 (d,= 8.8 Hz, 1H).”*C NMR (acetone-dg, 125 MHz) &:
158.1, 151.1, 139.5, 137.7, 133.9, 130.6, 130.8,4,2125.1, 123.2, 120.7E!" calcd.
for C11H7N,0,SCLBr (M)*: 379.8789; Found: 379.8788.

N-(6-Bromobenzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide (23-Br). Compound
o NHSO,Py 23-Br was prepared following Method B (reaction timeh)8
<:@ from N-(benzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide23

° Br (55.6 mg, 0.20 mmol) to giv@3-Br as a white solid; yield:
56.9 mg (80%); mp = 160-162 °84 NMR (acetone-ds, 500 MHZ) &: 8.72 (ddd,J =

4.6, 1.8, 0.9 Hz, 1H), 8.39 (s, 1H), 8.05 @d; 7.7, 1.7 Hz, 1H), 7.91 (d§,= 7.9, 1.1
Hz, 1H), 7.66 (dddJ = 7.7, 4.7, 1.1 Hz, 1H), 7.08 (s, 1H), 7.02 (s, 161P6 (s, 2H).
3C NMR (acetone-ds, 125 MHZ) &: 158.3, 151.0, 148.5, 147.8, 139.2, 129.8, 128.1,
123.2,112.6, 111.2, 108.7, 1038 calcd. for GoHoNO4SBr (M)™: 355.9466; Found:

355.9468.

54. METHOD D: N-(2-pyrimidyl)sulfonyl-directed copper-catalyzed ortho-

chlorination

An oven-dried, nitrogen-flushed 20 mL vessel wabkarged with the
corresponding N-(pyrimidyl)sulfonyl aniline 26, 26-Cl, 27-30) (0.20 mmol,
1.00 equiv), NCS and Cu£(8.1 mg, 0.06 mmol, 30 mol%). The reaction vessat
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sealed with a Teflon lined cap, then evacuated farsthed with oxygen three times.
Under the atmosphere of oxygen, the solvent (1 @)l the internal standanct
hexadecane (50(L) were addedvia syringe. The resulting mixture was stirred at the
appropriate temperature 16 h. The solvent used WMe€ DMF (1.00 mL)], the
temperature (130 °C or 150 °C) and the exact amoluMNCS would be specified in
each case. After the reaction was complete, thatiled were removeith vacuoand the
residue was purified by column chromatographyhéxane-EtOAc 2:1), yielding the
correspondingN-(2-chlorophenyl)pyrimidine-2-sulfonamides.

N-(2,6-Dichlor o-4-fluor ophenyl)pyrimidine-2-sulfonamide (26-Cl;). Compound

cl 26-Cl, was prepared following Method D from-(4-chloro-2-
NHSO2PYT fluorophenyl)pyrimidine-2-sulfonamide26-Cl  (65.6 mg, 0.20
F cl mmol) and NCS (32.0 mg, 0.24 mmol, 1.2 equiv), ieQN at

130 °C, to give26-Cl, as a white solid; yield: 56.6 mg (78%); mp = 1&882C.
'H NMR (acetone-dg, 300 MHz) &: 9.00 (d,J = 4.8 Hz, 2H), 7.77 (t) = 4.9 Hz, 1H),
7.38 (d,J = 8.2 Hz, 2H).*C NMR (acetone-ds, 125 MHz) &: 167.1, 161.6 (dJcr =
252.1 Hz), 159.5, 138.0 (dcr = 12.4 Hz), 129.8 (dJc-r = 4.3 Hz), 124.7, 117.2 (d,
Jor = 25.7 Hz). F NMR (acetoneds, 282 MHz) &: 66.3. EI* calcd. for
C10HsN3O2FCSCh (M)*: 320.9542; Found: 320.9527.

N-(2-Bromo-6-chlor o-4-methylphenyl)pyrimidine-2-sulfonamide  (27-Cl). Com-

Br pound 27-Cl was prepared following Method D from-(2-
/@NHSO?PW bromo-4-methylphenyl)pyrimidine-2-sulfonami@e (65.6 mg,
Me cl 0.20 mmol) and NCS (32.0 mg, 0.24 mmol, 1.2 equivpMF

at 150 °C, to give7-Cl as a white solid; yield: 58.0 mg (80%); mp = 19 2C.

'H NMR (acetone-dg, 500 MHz) &: 9.89 (s, 1H), 8.99 (d) = 4.8 Hz, 2H), 7.75 (t,
J=4.9 Hz, 1H), 7.45 (dJ = 1.1 Hz, 1H), 7.30 (dd] = 1.8, 0.8 Hz, 1H), 2.33 (s, 3H).
3C NMR (acetone-ds, 125 MHz) &: 178.9, 167.2, 159.4, 142.1, 136.3, 133.4, 131.3,
130.7, 126.9, 124.6, 20.£1" calcd. for GiHoNsO,SCIBr (M)": 360.9287; Found:
360.9304.

N-(2,4-Dichlor o-6-methylphenyl)pyrimidine-2-sulfonamide (28-Cl). Compound28-

Me Cl was prepared following Method D from-(4-Chloro-2-
/@NHS%PW methylphenyl)pyrimidine-2-sulfonamide 28 (56.2 mg,
Cl Cl 0.20 mmol) and NCS (32.0 mg, 0.24 mmol, 1.2 equiw),

MeCN at 130 °C, to give8-Cl as a white solid; yield: 43.1 mg (68%); mp = 185-
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186 °C.*H NMR (CDCl3, 500 MHZ) &: 8.92 (d,J = 4.8 Hz, 2H), 7.54 (t) = 4.8 Hz,
1H), 7.20 (d,J = 2.2 Hz, 1H), 7.11 (dJ = 2.3 Hz, 1H), 6.88 (s, 1H), 2.52 (s, 3H).
3C NMR (CDCl3, 125 MHz) §: 165.1, 158.8, 142.7, 134.2, 133.4, 130.5, 13[R0,0,
123.7, 20.0E1" calcd. for GiHgN30,SChL (M)*: 316.9793; Found: 316.9794.

N-(2,6-Dichlor o-4-fluor ophenyl)pyrimidine-2-sulfonamide (26-Cl,). Compound26-

Cl Cl, was prepared following Method D fromN-(4-
/@NHSO?PW fluorophenyl)pyrimidine-2-sulfonamide 26 (50.6 mg,
F cl 0.20 mmol) and NCS (64.1 mg, 0.48 mmol, 2.4 equiv)DMF

at 150 °C, to give6-Cl, as a white solid; yield: 37.4 mg (58%); mp = 1&8B2C. The
analytical data (NMR and HRMS analysis) matchedséhalescribed above for
compound26-Cl, obtained fron26-Cl.

N-(2,6-Dichlor o-4-methylphenyl)pyrimidine-2-sulfonamide (29-Cl,). Compound29-

Cl Cl, was prepared following Method D fromN-(p-
/@ENHSOZPW tolyl)pyrimidine-2-sulfonamide29 (49.9 mg, 0.20 mmol) and
Me Cl NCS (64.1 mg, 0.48 mmol, 2.4 equiv), in MeCN at 280 to

give 29-Cl, as a pale yellow oil; yield: 58.0 mg (85%)H NMR (acetone-ds,
500 MHZz) 3: 8.99 (d,J = 4.8 Hz, 2H), 7.75 (t) = 4.8 Hz, 1H), 7.27 (s, 2H), 2.33 (s,
3H). *C NMR (acetone-ds, 125 MHZ) &: 167.2, 159.4, 141.7, 136.5, 130.1, 129.9,
124.5, 20.6El" calcd. for GiHgN30,SCh (M)*: 316.9793; Found: 316.9803.

Methyl 3,5-dichloro-4-(pyrimidine-2-sulfonamido)benzoate (30-Cl). Compound30-
Cl Cl, was prepared following Method D from methyl 4-
/@ENHS%PW (pyrimidine-2-sulfonamido)benzoate 30  (58.6 mg,
MeO,C Cl 0.20 mmol) and NCS (64.1 mg, 0.48 mmol, 2.4 equiv),
MeCN at 130 °C, to giv80-Cl, as a white solid; yield: 43.0 mg (60%); mp = 164-
167 °C.*H NMR (acetone-dg, 500 MHz) &: 9.31 (s, 1H), 9.02 (dl = 4.8 Hz, 2H), 7.97
(s, 2H), 7.79 (tJ=4.8 Hz, 1H), 3.92 (s, 2H)*C NMR (acetone-ds, 125 MH2) &:

166.9, 164.6, 159.6, 136.9, 136.8, 132.2, 130.14.8,253.2. EI" calcd. for
C12HoN30,SCh (M)™: 360.9691; Found: 360.9686.
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56. METHOD E: ortho-halogenation using 1,3-dichloro-5,5-dimethylhydantoin
as source of chlorineor 1,3-dibromo-5,5-dimethylhydantoin as sour ce of bromine

(0]
C|~NJLN-C|
NHSO,P )/7( NHSO,P
2ry o (0.6 equiv) él y
CuCl, (10 mol %) N
0,5, MeCN, 100 °C, 1h
Me Me
8 8-Cl, 81%

CompoundB-Cl was isolated when following Method B (reactionéind h) fromN-(p-
tolyl)pyridine-2-sulfonamide 8 (49.7 mg, 0.20mmol) and 1,3-dichloro-5,5-
dimethylhydantoin23.6 mg, 0.12 mmol, 0.6 equiv); yield: 45.7 mg%81

0]
Br\N)LN-Br
NHSO,Py M (0.6 equiv) NHSO;I:’y
CuBr;, (10 mol %) _
0,, MeCN, 100 °C, 1h
Me Me
8 8-Br, 69%

Likewise, compound-Br was isolated when following Method C (reactiondin h)
from N-(p-tolyl)pyridine-2-sulfonamide8 (49.7 mg, 0.20 mmol) and 1,3-dibromo-5,5-
dimethylhydantoin34.3 mg, 0.12 mmol, 0.6 equiv); yield: 34.0 mg%©9

6. Mechanistic Investigations
6.1. Intramolecular isotopic kinetic effect

a) Synthesis of the deuterated aniline derivali{2).

N2

NH, ND, 3) Py/ THF 0 °C, Ho S
Br 1)CD;0OD D CISO.Py |
. » D N~
2) Zn,
10%NaOD/D,0

1(D), 85%
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Following the literature procedutel.00 g (5.82 mmol) of 2-bromoaniline was
treated with several portions of MeOD to give 2+boaniline-d (amino group
exchange). The 2-bromoanilingadas the added to 2.0 g (0.03 mmol) of zinc dugan
mL of 10% NaOD in RO and the slurry heated under reflux for 72 h,rafteich time
the 2-deuteroaniline was isolated as a colorlegsafter filtration, extraction and

drying.

Following the typical procedure foiN-sulfonylation, pyridine (388L,
4.80 mmol, 1.20 equiv) and 2-pyridylsulfonyl chbiei (852 mg, 4.80 mmol, 1.20 equiv)
were successively added dropwise at 0 °C to aisolutf 2-deuteroaniline (364L,
4.00 mmol, 1.00 equiv) in THF (40 mL), under, ldtmosphere. The mixture was
warmed to room temperature and stirred overnighiriigy this time, a gradual
formation of a precipitate was observed. The resyinixture was then suction filtered
through a 6-cm fritted glass funnel (coarse) intmand-bottomed flask, and the filter
cake was rinsed with THF (3 x 10 mL). To the rasglffiltrate and the washes, water
(20 mL) was added and the THF was removed by ew#ipar at reduced pressure,
yielding a suspension of a white solid in the agisemedium. This solid was collected
by filtration, washed sequentially with toluenex(8 mL) and diethyl ether (2 x 5 mL).
Then it was transferred to a round-bottomed flasid dried at 1.0 mmHg to provide
1(D) as a white powder; yield: 862 mg (92%); mp = 17@-2C."H NMR (acetone-ds,
300 MHZz) &: 9.23 (s, 1H), 8.68 (df = 4.7, 1.3 Hz, 1H), 8.10 — 7.92 (m, 2H), 7.58 (ddd,
J=17.2,4.8, 1.6 Hz, 1H), 7.37 — 7.16 (m, 3H), 7-16.98 (m, 1H)**C NMR (acetone-
de, 75 MH2Z) &: 158.0, 150.9, 139.1, 138.6, 129.8, 129.7, 1272%.2, 123.5, 121.9,
121.8.ESI” calcd. for GiH10DN2O,S (M+H)": 235.0535; Found: 235.0537.

b) Determining the intramolecular isotopic kineti¢ezt when using (@CH),

H H D
CuCl, (20 mol %)

AN Np Cl,CHCHCI, AN AN
130 °C, t (h)

1(D) 1-Cl : 1(D)-Cl
38h: 49% conversion 1 : 1

An oven-dried, nitrogen-flushed 20 mL vessel wharged with the deuterated
aniline derivative 1(D) (0.20 mmol) and copper(ll) chloride (5.38 mg, Orfehol,

® Huang, S.-H.; Keith, J. M.; Hall, M. B.; Richmonrid, G. Organometallic2010, 29, 4041.
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20 mol%). The reaction vessel was sealed with ¢ofidined cap, then evacuated and
flushed with oxygen three times. Under the atmospbéoxygen, GCHCHCL (1 mL)
and the internal standardhexadecane (50L) were addediia syringe. After stirring
the reaction mixture at 130 °C for 38 h, it wasightl with 5 mL of CHCI, and filtered
through a pad of Celite. The filtrate was washeddwith brine. The organic layer was
dried over NgSO, and concentrated under vacuum. The residue wigepury column
chromatography (Si§) n-hexane-ethyl acetate 5:1), yielding a mixturele€l and
1(D)-Cl in a ratio 1:1. The GC analysis showed that thevession was 49% and the
ratio of ortho-proton product X-Cl) to ortho-deuterium product1(D)-Cl) is 1:1 as
deduced from the comparison with the standi4id NMR spectrum of1-Cl: the
integration of the peak at the multiplet at 7-682Z7ppm was 1.5 instead of 2.

c) Determining the intramolecular isotopic kineti¢eztt when using NCS

H
CuCl (20 mol %)
NHSO,P 2 NHSO,P
D 0O, (1 atm) MeCN
100°C, 1h
1(D) 1-Cl : 1(D)-Cl

65% conversion 1 . 1

An oven-dried, nitrogen-flushed 20 mL vessel wabkarged with the
correspondingN-protected aniline (D)) (0.20 mmol, 1.00 equiv), NCS (32.0 mg,
0.24 mmol, 1.2 equiv) and Cu(2.69 mg, 0.02 mmol, 10 mol%). The reaction vessel
was sealed with a Teflon lined cap, then evacuatedflushed with oxygen three times.
Under the atmosphere of oxygen, MeCN (1 mL) andritexnal standard-hexadecane
(50uL) were addedvia syringe. The resulting mixture was stirred at 1G0for 1 h.
After the reaction was complete, the volatiles wen@ovedin vacuoand the residue
was purified by column chromatographyhiexane-EtOAc 5:1), yielding a mixture of
1-Cl and1(D)-Cl in a ratio 1:1. The GC analysis showed that thevemsion was 65%
and the ratio obrtho-proton productX-Cl) to ortho-deuterium productl(D)-Cl) is 1:1
as we can deduced from the comparison with thedatdiH NMR spectrum ofl-Cl:

the integration of the peak at the multiplet at877662 ppm was 1.5 instead of 2.

S36



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

'H NMR (acetone-g 300 MHz)
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6.2. Electronic Effect

Substrates8 and 3 were chlorinated following the general procedure of
METHOD B: ortho-chlorination using NCS as a source of chlorinee Téaction was
monitored by GC analysis to measure the converswen time. The result described in
Figure 1 shows the reaction rate3as slower than that d.

NHSO,Py NCS (1.2 equiv) NHSO,Py
H Cu-cat (10 mol %) O, (1 atm) Cl

MeCN, 100 °C, time (h)

R R
R=CF; 3 R = CF3, 3-Cl
R = Me, 8 R = Me, 8-CI

100 -+

X 80 A
c
i)
b= 60 -
=]
S 40 - —4—Serie 1
(%]
c .
S 10 | == Serie 2
0 T T T T 1
0 10 20 30 40 50
time / min

Figure 1. Plot of conversiowversustime; Serie 1. substrate3; Serie 2: substrates.

7. Typical procedurefor the Mg-promoted N-desulfonylation

Synthesis of 2-chloroaniline (31). To a solution ofN-(2-chlorophenyl)pyridine-2-
NH, sulfonamidel-Cl (53.5 mg, 0.2 mmol, 1.00 equiv) in dry MeOH (10)mL
@ was added magnesium (turnings, 48.6 mg, 2.00 mi®kquiv). The
Cl " reaction mixture was sonicated at room temperawmdl complete
conversion of the starting material (TLC monitodingqual volumes of diethyl ether
and saturated aq. N8I were added, and the organic phase was sepafdtecaqueous
phase was extracted with diethyl ether (2 x 10 gl the combined organic phases
were dried (MgS(@) and concentrated to dryness to give [@iras colourless oil; yield:
22.0 mg (85%). The analytical data (NMR, GC-MS gsigl) are in agreement with

those of the commercial available 2-chloroanili@AE: 95-51-2].
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2,6-Dichloro-4-fluoraniline  (32).  N-(2,6-Dichloro-4-fluorophenyl)pyrimidine-2-
cl sulfonamide26-Cl, (64.4 mg, 0.20 mmol) was deprotected following

/@iNHZ the above described typical procedure for Mg-praudotN-
F

ol desulfonylation to giv82 as a white solid; yield: 28.1 mg (78%); mp =
50-52 °C. The analytical data (NMR, GC-MS analys&ke in
agreement with those of the commercial availab&dichloro-4-fluoraniline [CAS:

344-19-4].

8. Typical procedurefor the synthesis of 2-substituted NH-indoles from ortho-
bromo-substituted N-(2-pyridyl)sulfonyl anilines: Sonogashira coupling/-
cyclization/depr otection.

——R (1.2 equiv)
EgzPy 20 mol% Cul F.C G
Q 10 mol% Pd(PPhj), mR Mg (excess) ° m
e R
FAC Br EtsN, p-xylene N MeOH, rt ”
100°C, 16 h SOPY  sonication
3-Br R =Ph, 33a, 96% R =Ph, 34, 81%

R =Bn, 33b, 90%

a) Sonogashira coupling-cyclization:

Synthesis of 2-benzyl-1-(pyridin-2-ylsulfonyl)-5-(trifluoromethyl)-1H-indole (33a).
FAC Ph An oven-dried, nitrogen-flushed 20 mL vessel waarghd with
m—/ sulfonamide3-Br (76.2 mg, 0.20 mmol, 1.00 equiv), Pd(BRZh
SO,Py (23.1 mg, 0.02 mmol, 10 mol%) and Cul (7.6 mg, (hoxol,
20 mol%). The reaction vessel was then evacuatedflashed with nitrogen three
times. Under nitrogen atmosphepexylene (2 mL), prop-2-yn-1-ylbenzene (5Qu2,
0.40 mmol, 2.00 equiv) and triethylamine (55.8 @14 mmol, 2.00 equiv) were added
via syringe. The resulting mixture was stirred at 1COfor 16 h before the volatiles
were removedn vacuo The residue was purified by column chromatogragmy
hexane-EtOAcL0:1), to give indole83a as a white solid; yield: 75 mg (90%); mp =
126-127 °C!H NMR (CDCls, 500 MHz) &: 8.58 (dddJ = 4.7, 1.5, 0.9 Hz, 1H), 8.26
(d,J=8.8 Hz, 1H), 7.85 - 7.82 (m, 1H), 7.81 — 7.76 1), 7.65 (s, 1H), 7.49 (dd,=
8.8, 1.8 Hz, 2H), 7.44 (ddd,= 7.5, 4.7, 1.3 Hz, 2H), 7.34 — 7.26 (m, 3H), 7-28.22
(m, 3H), 6.21 (dJ = 1.0 Hz, 1H), 4.56 (s, 2H¥*C NMR (CDCl3, 125 MHZ) &: 155.8,
150.5, 144.3, 139.1, 138.2, 138.0, 129.5, 129.8,6,2127.7, 126.8, 126.0 (decr =
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32.2 Hz), 124.7 (QJcr = 271.7 Hz), 122.0, 120.8 (sr = 3.5 Hz), 117.7 (qlcr = 4.1
Hz), 115.3, 110.5, 35.3°F NMR (CDCls, 471 MHz) & -61.3. ESI* calcd. for
C21H16N20235 (M+H)+: 4170879, Found: 417.0890.

2-Phenyl-5-(trifluoromethyl)-N-(2-pyridyl)sulfonyl indole (33b). An oven-dried,
FsC N\ nitrogen-flushed 20 mL vessel was charged withosiamide3-Br
[IN: (76.2mg, 0.20 mmol, 1.00 equiv), Pd(BRh (23.1 mg,
SOPY (02 mmol, 10 mol%) and Cul (7.6 mg, 0.04 mmol, nRal%).
The reaction vessel was then evacuated and flusftednitrogen three times. Under
nitrogen atmosphere,p-xylene (2 mL), ethynylbenzene (26.3 uL, 0.24 mmol,
1.20 equiv) and triethylamine (55.8 pL, 0.4 mmoQ®@equiv) were addeda syringe.
The resulting mixture was stirred at 110 °C forhlbefore the volatiles were removed
in vacuo The residue was purified by column chromatografphlyexane-EtOAdO0:1),
to give indole33b as a white solid; yield: 77.2 mg (96%); mp = 1122¢.*H NMR
(acetone-dg, 500 MH2) &: 8.57 (ddd,J = 4.5, 1.7, 0.9 Hz, 1H), 8.42 — 8.33 (m, 1H),
8.04 (td,J = 7.8, 1.7 Hz, 1H), 7.98 (dd,= 1.7, 0.8 Hz, 1H), 7.80 (df,= 7.9, 1.0 Hz,
1H), 7.72 — 7.62 (m, 2H), 7.50 — 7.42 (m, 3H), 742.35 (m, 2H), 6.85 (s, 1H).
3C NMR (acetone-ds, 125 MHz) &: 156.3, 151.3, 145.1, 140.8, 139.5, 132.6, 131.4,
130.7, 129.7, 129.3, 128.3, 126.5 {g.,r = 32.1), 125.7 (qJcr = 271.2 Hz) 123.4,
121.8 (q,Jc. = 3.6 Hz), 119.1 (qJcr = 4.1 Hz), 117.3, 112.83°F NMR (acetone-ds,
471 MHZ) §: -61.7.El" calcd. for GgH13N20.SF; (M)*: 402.0650; Found: 402.0658.

b) Deprotection: synthesis of 2-phenyl-5-(trifluoromethyl)-1H-indole (34). The
FAC indole 33b (80.4 mg, 0.20 mmol, 1.00 equiv) was deprotected

mPh following the above described typical procedure fily-

H promotedN-desulfonylation to give indol84 as a white solid;

yield: 43 mg (81%); mp = 132-135°C. The analytidata (NMR, HRMS analysis)
matched those reported in the literature for 2-gh&r(trifluoromethyl)-1H-indole
[CAS: 491601-38-8]'H NMR (acetone-ds, 300 MHZ) &: 7.95 (s, 1H), 7.90 (dd] =
8.2, 1.0 Hz, 2H), 7.60 (dd,= 8.7, 0.9 Hz, 1H), 7.54 — 7.45 (m, 2H), 7.43 —37(B,
3H), 7.07 (dJ = 1.1 Hz, 1H)*C NMR (acetone-ds, 75 MHz) &: 141.2, 139.8, 132.8,
129.9, 129.6, 129.0, 126.7 @.r= 126.3 Hz), 122.4 (qlc.r = 31.4 Hz), 119.0 (glc.F
= 3.6 Hz), 118.7 (qJcr = 4.4 Hz), 112.6, 100.7E1" calcd. for GsHigNFs (M)™:
261.0765; Found: 261.0778.
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9. Regioselectivity in the ortho-chlorination process

In order to ensure the correct regio-positionh& hew halogen-carbon bond, a
series ofpara-substituted anilines bearing a chlorine in dhho- or metaposition were
N-protected with (2-pyridyl)sulfonyl chloride. Thug;chloro-4-iodoaniline, 2-chloro-4-
fluoraniline and methyl 4-amino-3-chlorobenzoate reve derivatized to the
corresponding protected substraBés 37 and 38, respectively (vide infra). The NMR
spectra recorded for the correspondidg2-pyridyl)sulfonyl anilines matched those

reported for the Cu-catalyzedtho-chlorinated products.

For the non-comercially availabtatho-chloro anilines, thenetaregioisomer wad\-
protected with (2-pyridyl)sulfonyl chloride. Thiss ithe case for 3-chloro-4-
methoxyaniline (substrat&9), 3-chloro-4-iodoaniline 20), 4-bromo-3-chloroaniline
(21) and 3,4-dichloroaniline2@). The NMR spectra recorded for the corresponding
(2-pyridyl)sulfonyl anilines did not match thosepoeted for the Cu-catalyzeortho-
chlorinated products. Aniline?), 21 and22 have been already described because they
were used as starting materials. The correspondiigNMR spectra of both
regioisomersprtho- andmeta; can be compared in NMR spectra section, see 3§¥/-S
S144.

NH, NHSO,Py
. /ﬁ PySO,CI (1.2 equiv) N ? %]
\/\CI THF, 0 °C-rt, 16 h A SN o

N-(2-Chloro-4-iodophenyl)pyridine-2-sulfonamide (36). Compound36 was prepared

NHSO,Py following the typical procedurr the N-sulfonylation of anilines
/@ from 2-chloro-4-iodoaniline (1.01 g, 4.00 mmol) gove 36 as a
' cl white solid; yield: 1.28 g (81%); mp = 102-103 e analytical
data (NMR, HRMS analysis) matched those obtainedhfeortho-chlorinated product
9-Cl. The NMR spectra did not match those reportediHemetachlorinated product
17. 'H NMR (acetone-dg, 500 MHZz) &: 8.75 (s, 1H), 8.70 (ddd, = 4.6, 1.8, 0.9 Hz,
1H), 8.08 (tdJ=7.8, 1.7, 1H), 7.97 (d8=7.9, 1.1, 1H), 7.75 (d=2.0, 1H), 7.71 — 7.62
(m, 2H), 7.47 (dJ=8.6, 1H).EI" calcd. for GiHgN,O,SCIl (M)": 393.9040; Found:
393.9022.
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N-(2-Chloro-4-fluorophenyl)pyridine-2-sulfonamide (37). Compound 37 was
NHSO,Py prepared following the typical procedure for thesulfonylation
/@ of anilines from 2-chloro-4-fluoroaniline (0.448 m&.00 mmol)
F Cl to give 37 as a white solid; yield: 0.91 g (79%); mp = 97°@8
The analytical data (NMR, HRMS analysis) matchedséh obtained for thertho-
chlorinated produci2-Cl. *H NMR (acetone-ds, 500 MHZ) &: 8.79 — 8.66 (m, 2H),
8.06 (td,J=7.8, 1.7, 1H), 7.91 (d8=7.9, 1.0, 1H), 7.72 — 7.60 (m, 2H), 7.25 (dd8.4,
2.9, 1H), 7.13 (dddJ=9.1, 8.0, 2.9, 1H).EI" calcd. for GiHgNO-FSCI (M)
285.9972; Found: 285.9991.

Methyl 3-chloro-4-(pyridine-2-sulfonamido)benzoate (38). Compound 38 was

NHSO,P prepared following the typical procedure for thé

/@ sulfonylation of anilines from methyl 4-amino-3-

MeO.C Cl chlorobenzoate (724 mg, 4.00 mmol) to gB&as a white
solid; yield: 1.07 g (82%); mp = 127-128 °C. Thealgtical data (NMR, HRMS
analysis) matched those obtained for trého-chlorinated producti3-Cl. *H NMR
(acetone-dg, 500 MH2) 5 8.94 (s, 1H), 8.70 (ddd=4.7, 1.7, 1.0, 1H), 8.12 (td,= 7.7,
1.7 Hz, 1H), 8.04 (dt) = 7.9, 1.1 Hz, 1H), 7.95 (d=1.9, 1H), 7.89 (dd) = 8.6, 1.8
Hz, 1H), 7.86 (dJ = 8.6 Hz, 1H), 7.68 (ddd=7.5, 4.7, 1.2, 1H), 3.87 (s, 3HHI"
calcd. for GsH11N>O4SCl (M)™: 326.0125; Found: 326.0116.

N-(3-chlor o-4-methoxyphenyl)pyridine-2-sulfonamide (39). Compound 39 was
prepared following the typical procedure for this-
/@NHSOZW sulfonylation of anilines from 3-chloro-4-methoxylare
MeO (630 mg, 4.00 mmol) to giv@9 as a white solid; yield: 1.06 g
(89%); mp = 208-209 °C. The NMR spectra did notamat
those obtained for thertho-chlorinated produc2-Cl. *H NMR (acetone-dg, 500 M Hz)
8:9.11 (s, 1H), 8.72 (ddd=4.7, 1.7, 0.9, 1H), 8.23 — 7.97 (m, 1H), 7.91 {&f.8, 1.0,
1H), 7.62 (dddJ=7.7, 4.7, 1.1, 1H), 7.31 (d=2.6, 1H), 7.17 (dd}=8.9, 2.6, 1H), 6.98
(d, J=8.9, 1H), 3.82 (s, 3H)*C NMR (acetone-dg, 125 MHz) &: 157.9, 153.6, 151.0,
139.2, 131.6, 128.0, 125.3, 123.5, 123.3, 122.63.5156.6. EI* calcd. for
C1oH11N20sSCI (M)': 298.0179; Found: 298.0173.

Cl
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10. NMR Spectra
N-Phenylpyridine-2-sulfonamide (1)

'H NMR (acetone-¢g 300 MHz)
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N-(4-Methoxyphenyl)pyridine-2-sulfonamide (2)

'H NMR (acetone-g 300 MHz)
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N-(p-Tolyl)pyridine-2-sulfonamide (8)

'H NMR (acetone-g 300 MHz)
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N-(4-1odophenyl)pyridine-2-sulfonamide (9)

'H NMR (acetone-g 300 MHz)
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N-(4-Bromophenyl)pyridine-2-sulfonamide (10)

'H NMR (acetone-g 300 MHz)
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N-(4-Chlorophenyl)pyridine-2-sulfonamide (11)

'H NMR (acetone-g 300 MHz)
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N-(4-Fluorophenyl)pyridine-2-sulfonamide (12)

'H NMR (acetone-g 300 MHz)
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F NMR (acetone 282 MHz)
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N-(4-(Trifluoromethyl)phenyl)pyridine-2-sulfonamide (3)

'H NMR (acetone-g 300 MHz)

9.69

23
©

’

808
<807

7.65
7.50
2,05 Acetone-d6

/©/NHSOZPy
FaC

A
T T i =
2 T 5 3
95 90 85 80 75 0 65 60 55 50 ‘ 40 35 3 25 20 15 10 05
f1 (ppm)
13
C NMR (acetone] 75 MHz)
2
2
g
~ - =
B og 2
| | |
‘ ‘
|
Il
| 1. l
o 20 20 10 180 10 160 150 10 130 10 1o 100 % & o & 0 4 0 2 D

f1 (ppm)

S51



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

F NMR (acetone 282 MHz)
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N-(4-Acetylphenyl)pyridine-2-sulfonamide (13)

'H NMR (acetone-g 300 MHz)
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M ethyl 4-[N-(2-pyridyl)sulfonylamino]benzoate (14)

'H NMR (acetone-¢g 300 MHz)
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N-(4-Cyanophenyl)pyridine-2-sulfonamide (15)

'H NMR (acetone-g 300 MHz)
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N-(4-Nitrophenyl)pyridine-2-sulfonamide (16)

'H NMR (acetone-g 300 MHz)
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N-(3-Fluorophenyl)pyridine-2-sulfonamide (17)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)
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N-(3-1sopropylphenyl)pyridine-2-sulfonamide (18)

'H NMR (acetone-g 500 MHz)
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N-[3-(Trifluoromethyl)phenyl]pyridine-2-sulfonamide (19)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)
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N-(3-Chloro-4-iodophenyl)pyridine-2-sulfonamide (20)

'H NMR (acetone-g 500 MHz)
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N-(4-Bromo-3-chlorophenyl)pyridine-2-sulfonamide (21)

'H NMR (acetone-g 500 MHz)
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N-(3,4-Dichlorophenyl)pyridine-2-sulfonamide (22)

'H NMR (acetone-g 500 MHz)

CID/NHSOZPy
Cl

2,05 Acetone-d6

=) - - o
2.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)
13
C NMR (acetone] 125 MHz)
$
g
H
3
© o TO anmo e b
5 5 AR AANRENS g
I VNV
I |
I
| \ ‘1 .‘l “. M
20 210 200 190 180 170 160 150 140 130 120 f :(110 ) 100 90 80 70 60 50 40 30 20 10
ppm

S64



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

N-(Benzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide (23)

'H NMR (acetone-g 300 MHz)
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N-(4-Chloro-2-fluor ophenyl)pyrimidine-2-sulfonamide (26-Cl)

'H NMR (acetone-g 300 MHz)
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F NMR (acetone 282 MHz)
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N-(2-Bromo-4-methylphenyl)pyrimidine-2-sulfonamide (27)

'H NMR (acetone-g 500 MHz)
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N-(4-Fluor ophenyl)pyrimidine-2-sulfonamide (26)

'H NMR (acetone-g 300 MHz)
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F NMR (acetone 282 MHz)
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N-(p-Tolyl)pyrimidine-2-sulfonamide (29)
'H NMR (acetone-g 500 MHz)
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M ethyl 4-(pyrimidine-2-sulfonamido)benzoate (30)

'H NMR (acetone-g 500 MHz)
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13C NMR (CDCk, 125 MHz)
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3C NMR (acetone¢ 125 MHz)
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13C NMR (acetone-¢) 75 MHz)
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13C NMR (acetone-¢) 75 MHz)
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13C NMR (acetone 125 MHz)
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3C NMR (acetone¢ 125 MHz)
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N-(4-Chlor ophenyl)-4-methylbenzenesulfonamide (4-Cl)

'H NMR (acetone-g 500 MHz)
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N-(4-Chlor ophenyl)-2-pyridinecar boxamide (6-Cl)

'H NMR (acetone-g 300 MHz)
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N-M ethyl-N-(4-chlor ophenyl)pyridine-2-sulfonamide (7-Cl)

'H NMR (acetone-g 300 MHz)
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N-(2-Chloro-4-methylphenyl)pyridine-2-sulfonamide (8-Cl)

'H NMR (acetone-g 300 MHz)
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N-(2-Chloro-4-iodophenyl)pyridine-2-sulfonamide (9-Cl)

'H NMR (acetone-g 500 MHz)
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N-(4-Bromo-2-chlorophenyl)pyridine-2-sulfonamide (10-Cl)

'H NMR (acetone-¢g 300 MHz)
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N-(2,4-Dichlorophenyl)pyridine-2-sulfonamide (11-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chloro-4-fluor ophenyl)pyridine-2-sulfonamide (12-Cl)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)

-1157

400 10 20 130 M0 50 180 -0 180 190 | -200
f1 (ppm)

S91



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

N-(4-Acetyl-2-chlor ophenyl)pyridine-2-sulfonamide (13-Cl)

'H NMR (acetone-g 500 MHz)
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M ethyl 3-chloro-4-(pyridine-2-sulfonamido)benzoate (14-Cl)

'H NMR (acetone-¢g 500 MHz)
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N-(2-Chloro-4-cyanophenyl)pyridine-2-sulfonamide (15-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chloro-3-fluor ophenyl)pyridine-2-sulfonamide (17-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chloro-5-isopropylphenyl)pyridine-2-sulfonamide (18-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chloro-3-(trifluoromethyl)phenyl)pyridine-2-sulfonamide and N-(2-chloro-5-
(trifluoromethyl)phenyl)pyridine-2-sulfonamide (19-Cl).

'H NMR (acetone-g 300 MHz)
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N-(2,3-Dichloro-4-iodophenyl)pyridine-2-sulfonamide (20-Cl).

'H NMR (acetone-g 500 MHz)
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N-(4-Bromo-2,3-dichlor ophenyl)pyridine-2-sulfonamide (21-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2,3,4-Trichlorophenyl)pyridine-2-sulfonamide (22-Cl)

'H NMR (acetone-g 300 MHz)
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N-(4-Acetyl-2-chlor ophenyl)pyridine-2-sulfonamide (23-Cl)

'H NMR (acetone-g 300 MHz)
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N-(2-Bromo-4-methoxyphenyl)pyridine-2-sulfonamide (2-Br)

'H NMR (acetone-g 300 MHz)
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N-(2-Bromo-4-methylphenyl)pyridine-2-sulfonamide (8-Br)

'H NMR (acetone-g 500 MHz)
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13C NMR (acetone 125 MHz)
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13C NMR (acetone 125 MHz)
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3C NMR (acetone¢ 125 MHz)
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3C NMR (acetone¢ 125 MHz)
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13C NMR (acetone 125 MHz)
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N-(2-Bromo-4-(trifluoromethyl)phenyl)pyridine-2-sulfonamide (3-Br)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)
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N-(4-Acetyl-2-bromophenyl)pyridine-2-sulfonamide (13-Br)

'H NMR (acetone-g 500 MHz)
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13C NMR (acetone 125 MHz)
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13C NMR (acetone- 75 MHz)
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N-(2-Bromo-3-fluor ophenyl)pyridine-2-sulfonamide (17-Br)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone-g 471 MHz)
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N-(2-Bromo-5-isopropylphenyl)pyridine-2-sulfonamide (18-Br).

'H NMR (acetone-g 500 MHz)
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N-[2-bromo-5-(trifluor omethyl)phenyl]pyridine-2-sulfonamide (19-Br).

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)
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N-(2-Bromo-3,4-dichlor ophenyl)pyridine-2-sulfonamide (22-Br)

'H NMR (acetone-g 500 MHz)
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N-(6-Bromobenzo[d][1,3]dioxol-5-yl)pyridine-2-sulfonamide (23-Br)

'H NMR (acetone-g 500 MHz)
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13C NMR (acetone 125 MHz)
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N-(2-Bromo-6-chlor o-4-methylphenyl)pyrimidine-2-sulfonamide (27-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2,4-Dichlor o-6-methylphenyl)pyrimidine-2-sulfonamide (28-Cl)

'H NMR (CDCE, 500 MHz)
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2-Phenyl-5-(trifluoromethyl)-N-(2-pyridyl)sulfonyl indole (33b)

'H NMR (acetone-g 500 MHz)
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F NMR (acetone- 471 MHz)
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2-Phenyl-5-(trifluoromethyl)-1H-indole (34)

'H NMR (acetone-g 300 MHz)
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N-(2-Chloro-4-iodophenyl)pyridine-2-sulfonamide (9-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chloro-4-fluor ophenyl)pyridine-2-sulfonamide (12-Cl)

'H NMR (acetone-g 500 MHz)
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M ethyl 3-chloro-4-(pyridine-2-sulfonamido)benzoate (14-Cl)

'H NMR (acetone-g 500 MHz)

g BEUEEGEEEESE0352RR2RR80LRRRRRRLLES g %
[V TSN erret— I I
/@NHSOZPy
MeO,C Cl
a i
/‘\_A L J\ ‘1 -
o LN i
RES ECEEE
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
M ethyl 3-chloro-4-(pyridine-2-sulfonamido)benzoate (38)
'H NMR (acetone-¢g 500 MHz)
3 RRBFINNSBB888333R353888088388888050 3‘
IRV ATl SR bbbk drd AnnNNANNNAANANANN =
/@NHSOZPY
MeO,C cl
S Sy
JLA L V1 J Jl
L giiEy 5
0 95 o &5 80 75 70 65 60 55 s 40 35 30 25 20 15 10 os



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

N-(2-Chloro-4-iodophenyl)pyridine-2-sulfonamide (9-Cl)

'H NMR (acetone-g 500 MHz)
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N-(4-Bromo-2-chlorophenyl)pyridine-2-sulfonamide (10-Cl)

'H NMR (acetone-g 300 MHz)
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N-(2,4-Dichlorophenyl)pyridine-2-sulfonamide (11-Cl)

'H NMR (acetone-g 500 MHz)
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N-(2-Chlor 0-4-methoxyphenyl)pyridine-2-sulfonamide (2-Cl)

'H NMR (acetone-g 500 MHz)
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13C NMR (acetone 125 MHz)
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