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ABSTRACT. NBS or NIS mediated direct S-N bond formationwestn azoles and sodium sulfinates is
described. The reaction shows good substrate saogdolerates a wide range of functionalities itthbo
azoles and sodium sulfinate substrates. Pyrazoéealso suitable for this method, various 4-halapgies

derivatives were obtained by usiNghalosuccinimide (NXS) as the halogen source.
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1. Introduction

Sulfonamides are important building blocks for phaceuticals and bioactive compounds, owing to their
well-known anticonvulsant, antibacterial, anticancantitumor, anti-inflammatory, and HIV protease
inhibitory activities' Sulfonamides are widely applicated in herbicidesd alyes Therefore, the
development of general methods for the synthesisufbnamides is consequently an important goal in
organic chemistry. Traditionally, sulfonamides @reduced from the reaction of an amine and a sylfon
chloride in the presence of a bdsRecently, a few examples have been reported ectdiynthesis of the
sulfonamides from sulfinates and amines. Jiang aoeworkers reported an elegant work for
CuBr.-catalyzed oxidative synthesis of sulfonamides fsodium sulfinatesand amines with DMSO ot*O
It was found that sulfonamides could also be formiedoxidative amination of sodium sulfinate under
metal-free conditions lat&rZeng and co-workers reported a protocol for thethssis of sulfonamides via
the electrochemical oxidative amination of sodiurfisates® These methods avoid the prefunctionalization
of the sulfonate component, therefore they are @tepatom economical methods. To extend the apiglica
scope of this methodology, we have developed arfmrtsynthesis of sulfonamides by using NIS or NBS
as the oxidant.

Azoles are ubiquitous motifs in nature and exhipdgtential biological activities and medicinal
significance’ Thus the development of new synthetic methodshferfunctionalization of azoles is of great
interest The N-alkylation andN-arylation of azoles present the most straightfodwvmethod for the
synthesis of azole derivatives. As a part of outtiomous interest in the functionalization of azasfe®
herein, we report a metal-free sulfonamides forombetween sodium sulfinates and azoles mediated by

NBS or NIS at room temperature.



2. Resultsand Discussion

Benzimidazole 1a) and sodiump-tolylsulfinate @a) was selected as the model substrates to establish
optimized reaction conditions, and selected resméiee summarized in Table 1. When the reactiofiaof
with 2a was carried out in the presence ¢f(1 equiv) under air in 1,2-dichloroethane (DCE)r@bm
temperature for 12 h, the produga could be obtained in 44% vyield (Table 1, entry Ngxt, various
oxidants were screened, and different oxidants diatinct effects on the yield dda (entries 2-5). A
significant enhancement of the reaction yield (8Wa$ accomplished when NBS was used (entry 3). When
the amount of NBS was increased to 2 or 3 equav,ytbld of3a was slightly decreased (entries 6 and 7).
Lower yields of producBBa were obtained and some unidentified byproductsewssserved when the
temperature was increased to 50 and 90 °C (er@reasd 9). The effect of solvents on the model react
was also surveyed (entries 10-18), and a signifi@rhancement of the reaction yield (93%) was
accomplished when 1,4-dioxane was used (entry W®.also found that relatively lower yields were
obtained when the reaction took place in polarey such as DMSO, DMF and ethanol (entries 16-18).
We found that running reaction with 100 mg 4 A M8 dot enhance the reaction yield (entry 19). Other
oxidants such all-Bromophthalimide andN-Bromoacetamide were also tested, the productsoltsned
in 93% and 84% yields, respectively (entries 20 2hyd

Table 1. Optimization of Reaction Conditions?®

H O\\S/ONa

@: > oxidation o
Y + I
N /©/ solvent NQ/N §\©\

o

la 2a 3a

Entry Oxidant Temp (°C) Solvent Yield (%)

1 7 25 DCE 44
2 NIS 25 DCE 78
3 NBS 25 DCE 87
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4 NCS 25 DCE 52

5 TBHP 25 DCE 20
6° NBS 25 DCE 85
7°¢ NBS 25 DCE 83

8 NBS 50 DCE 79

9 NBS 90 DCE 60
10 NBS 25 EtOAC 86
11 NBS 25 CHCI, 62
12 NBS 25 CHCN 77
13 NBS 25 Tol 68
14 NBS 25 THF 69
15 NBS 25 1,4-dioxane 93
16 NBS 25 DMSO 22
17 NBS 25 DMF 15
18 NBS 25 GHsOH 26

19¢ NBS 25 1,4-dioxane 92
N-Bromophth
20 25 1,4-dioxane 93
alimide
N-Bromoacet
21 25 1,4-dioxane 84
amide

& Reaction conditionsia 0.5 mmol,2a 1.0 mmol, oxidant 0.5
mmol, solvent 2 mL, 12 h, under ar1.0 mmol NBS was used.

°1.5 mmol was used4 A MS (100 mg) was used.

Under the optimized reaction conditions, we nexarexed the scope of different azoles and sodium
sulfinates (Scheme 1). The reactions of sodiumirails 2b—2e bearing both electron-rich and
electron-deficient functional groups at the para#pon of the aryl ring afforded the correspondprgducts
(3b—3e) in good vyields. Moreover, sodium naphthalenedfirsate 2f was successfully employed as the
substrate, and the desired produgt was obtained with a moderate vyield (65%). Sodium
2,5-dichloro-thiophene-3-sulfinatedg was also a suitable substrate, and the expectedugrr3g was

obtained in 75% vyield. To our delight, sodium metsulfinate could also be used as substrates with
4



benzimidazole Ja) to afford the desired produgh in 61% yield. The scope of azoles was also exadnime
this reaction. 2-Methyl-H-benzoimidazol&i and 5,6-dimethyl-Hi-benzoimidazol&j reacted with sodium
p-tolylsulfinate smoothly, and gave the correspogdproducts3i and 3j in 82% and 91% yields,
respectivelty. Additionally, triazoles such as b&nazole2k and 1,2,4-triazol@l were also tolerated in this
reaction leading to the products in moderate talgoelds.

Scheme 1. Reactions of various azoles with sodium sulfinates
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# Reaction conditionst 0.5 mmol,2 1.0 mmol, oxidant 0.5 mmol, 1,4-dioxane 2 mL, J2ihder air.

Pyrazoles are essential skeletons of many bioltgieative organic compounds that have found wide
applications in pesticides, medicines, and funetiomaterials. To further explore the potential of this
efficient reaction, various pyrazoles were examiagdubstrates to react with sodium sulfinatese®eh?).
However, an unexpected compound 4-iodo-1-tosidpyrazole5a was obtained instead of our desired

product. Clearly, 4-iodination of pyrazoles wasrieat out during the N-S bond formation reactionSN¥as
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used as both oxidant and iodination reagent. 4{paézoles, which possess a useful functional haatle
the 4-position, represent valuable intermediategtd the syntheses of these targets.85% yield of5a
was obtained when NIS was increased to 3 equiv. WBSalso suitable for this transformation, gernegat
the corresponding bromination prodé&tt in 66% yield. In addition to sodiumtolylsulfinate 2a, various
substituted sodium arenesulfinates were all faderabbstrates to generate the corresponding hatigen
products in moderate to good yield@&-6j). Additionally, sodium naphthalene-1-sulfinate vedso tolerated
in this reaction leading to the iodination and bietion products in moderate yieldsk(and5l).
Subsequently, the scope of pyrazoles was investigainder the standard reaction conditions.
3-Substituted pyrazoles such as 3-MethyHdyrazole, 3-phenylH-pyrazole, 3-bromo-H-pyrazole and
2-(1H-Pyrazol-3-yl)-pyridine were effective substratesthis transformation furnishing the corresponding
products in good yieldsbfn, 50, 5p, 5q, 5r, 5t and5u). Pyrazole bearing an electron-withdrawing group
gave the corresponding product in 72% yidlg).(We further found that substitution was toleraéédoth
the 3- and 5-position$i).

Scheme 2. Reactions of pyrazoles with sodium sulfindtes
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& Reaction conditionst 0.5 mmol,2 1.0 mmol, oxidant 1.5 mmol, ethyl acetate 2 mLh]12nder air.

To investigate the reaction mechanism, severalrabekxperiments were conducted. A radical scavenger

was added to the reaction system, 71% and 76% sfedeproduct 3aa was obtained in the presence of

TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl) and BH2,6-di-tert-butyl-4-methylphenol), respectively

(Scheme 3a). Therefore, we think that a radicakthagaction mechanism can be excluded. Treatment of

sodium p-tolylsulfinate 2a with 1 equiv of NBS at room temperature gave 4hylebenzenesulfonyl

bromide6 in 52% yield (scheme 3b). Further reaction of lnémidazolela with isolated6 afforded4c in
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48% yield (scheme 3c). The result implies that@sulf bromide is a likely intermediate in the reanti As

we know, NIS or NBS was used both as the catalydthelogen source. When the reaction of 4t with 2a
was carried out in the presence of 1 equiv of NI8;lodo-3-phenyl-1H-pyrazole 7,
3-Phenyl-1-(toluene-4-sulfonyl)-1H-pyrazoBand 4-lodo-3-phenyl-1-(toluene-4-sulfonyl)-1H-p3oée 5t
were obtained in 15%, 18% and 32% yields, respelgtiiGcheme 3d). Moreover, 3-Phenyl-1H-pyrazole 4t
could be converted to the corresponding 4-lodo-8agh1H-pyrazole 5t in 85% yield under 1 equiv dEN
(Scheme 3e). These results indicating that theglealation and sulfonylation occurred simultaneously
during the reaction.

Scheme 3. Control experiments
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A possible reaction pathway is proposed based enctimtrol experiments. Initially, sodium sulfinate
interacted with NIS to generate sulfonyl iodide emhnucleophilic reaction of azoles with sulfongtlide

would form the product. The halogenation could odwefore or after the sulfonylation during the téac

(Scheme 4).



Scheme 4. Possible reaction pathway
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3. Conclusions

In summary, we have developed a new method of NISB5-mediated diredi-sulfonylation of azoles
with sodium sulfinates. This protocol provides angle and green approach for the preparation of
sulfonamides derivatives. The optimized method waoskiccessfully with diverse ranges of azoles and
sodium sulfinates. Moreover, the present metho@gia diverse range of 4-Halopyrazoles that can be
explored for pharmacological applications and &srmediates in organic synthesis.

4. Experimental Section

4.1. General Procedures.

All of the reagents and solvents were purchaseoh foommercial suppliers and used without further
purification. All experiments were carried out unaé, and oven-dried glassware was used in absad
and*C NMR spectra were recorded at 500 and 125 MHpeaively.'H NMR and**C NMR chemical
shifts are reported in ppm using tetramethylsiledS) as an internal standard or residual nondatedr
solvent peak as an internal standard. High-resmiuthass spectra were recorded on an ESI-Q-TOF mass

spectrometer.
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4.2. General procedure for the synthesis of products 3

Azoles1 (0.5 mmol), sodium sulfinatg (1.0 mmol) and NBS (0.5 mmol) were dissolved imP of
1,4-dioxane solvent. the reaction mixture was edirat room temperature under air for 12 h. Aftex th
reaction, the resulting mixture was extracted VEti©Ac. The combined organic phase was dried over
anhydrous Ng50, and the solvent was then removed under vacuum.r@idue was purified by flash
column chromatography on silica gel (petroleum eétleyl acetate, 3:1) to afford the corresponding

product.

1-Tosyl-1H-benzo[d]imidazole (3a).>® Light yellow oil (126 mg, 93% yield)*H NMR (500 MHz,
CDCly): 6 8.84 (s, 1H), 8.04 (dJ = 7.0 Hz, 2H), 7.88 (dJ = 6.5 Hz, 1H), 7.76 (dJ = 7.0 Hz, 1H),
7.45~7.38 (m, 4H), 2.33 (s, 3HJC NMR (125 MHz, CDCJ): 6 146.5, 143.5, 142.4, 133.6, 130.6, 130.1,
127.3, 125.6, 124.9, 120.7, 112.4, 21.08.

1-((4-Chlor ophenyl)sulfonyl)-1H-benzo[d]imidazole (3b).** White solid (124 mg, 85% yield); Mp
122-123 °CH NMR (500 MHz, CDCY): 6 8.37 (s, 1H), 7.93 (d} = 9.0 Hz, 2H), 7.84 (d] = 7.5 Hz, 1H),
7.79 (d,J = 7.5 Hz, 1H), 7.49 (d] = 9 Hz, 2H), 7.43~7.38 (m, 2H)’C NMR (125 MHz, CDCJ): 6 144.1,
141.7, 141.1, 136.0, 130.6, 130.1, 128.6, 125.8,0,221.3, 112.4.

1-((4-Fluor ophenyl)sulfonyl)-1H-benzo[d]imidazole (3c). White solid (117 mg, 85% yield); Mp
135-138 °CH NMR (500 MHz, CDCJ): ¢ 8.37 (s, 1H), 7.93 (dl = 9.0 Hz, 2H), 7.84 (d] = 7.5 Hz, 1H),
7.79 (d,J = 7.5 Hz, 1H), 7.49 (d] = 9.0 Hz, 2H), 7.43~7.38 (m, 2HYC NMR (125MHz, CDC)): § 144.1,
141.7, 141.1, 136.0, 130.6, 130.1, 128.6, 125.8%.012121.3, 112.4; HRMS (ESI/z calcd for
C13HoFN2O,S [M + HJ': 277.0447. Found: 277.0443.

1-(4-Nitro-benzenesulfonyl)-1H-benzoimidazole (3d). Yellow solid (114 mg, 75% yield); Mp 155-158
°C; H NMR (500 MHz, CDCJ): 6 8.38 (s, 1H), 8.37 (dl = 9.0 Hz, 2H), 8.19 (d] = 9.0 Hz, 2H), 7.86 (d]
= 8.0 Hz, 1H), 7.80 (dJ = 7.0 Hz, 2H), 7.46~7.39 (m, 2HC NMR (125MHz, CDG): 6 151.2, 144.1,
142.9, 140.8, 130.5, 128.6, 126.2, 125.5, 125.0,61212.2; HRMS (ESIyz calcd for G3HgN3O4S [M +
H]*: 304.0392. Found: 304.0395.

1-(4-M ethoxy-benzenesul fonyl)-1H-benzoimidazole (3€).> Colorless oil (127 mg, 88% vyield)4 NMR
(500 MHz, CDCY): 6 8.39 (s, 1H), 7.93 (d] = 9.0 Hz, 2H), 7.85 (dJ = 8.0 Hz, 1H), 7.77 (] = 8.0 Hz,
1H), 7.40~7.33 (m, 2H), 6.94 (d= 9.0 Hz, 2H), 3.81 (s, 3HY"C NMR (125 MHz, CDGJ): § 164.5, 144.0,
141.3, 130.7, 129.6, 128.7, 125.5, 124.7, 121.9,91112.5, 55.8.

11



1-(Naphthalene-1-sulfonyl)-1H-benzoimidazole (3f). White solid (100 mg, 65% yield); Mp 137-140 °C;
'H NMR (500 MHz, CDCJ): 6 8.66 (d,J = 9.0 Hz, 1H), 8.63 (s, 1H), 8.51 @= 7.5 Hz, 1H), 8.13 (d] =
8.0 Hz, 1H), 7.90 (dJ = 8.0 Hz, 1H), 7.74~7.72 (m, 1H), 7.68~7.56 (m)4H31~7.26 (m, 2H)C NMR
(125 MHz, CDC}): 6 143.9, 141.4, 136.8, 134.3, 132.2, 130.9, 129.53,92127.6, 125.5, 124.7, 124.1,
123.1, 121.1, 112.3; HRMS (ESiVz calcd for G/H1o,N,0,S [M + H]": 309.0698. Found: 309.0691.

1-((2,5-Dichlor othiophen-3-yl)sulfonyl)-1H-benzo[d]imidazole (3g). White solid (125 mg, 75% vyield);
Mp 122-125 °CH NMR (500 MHz, CDCJ): § 8.43 (s, 1H), 7.83 (dl = 9.0 Hz, 1H), 7.76 (d] = 9.5 Hz,
1H), 7.43~7.41 (m, 2H), 7.30 (s, 1HJC NMR (125 MHz, CDG)): 6 144.1, 141.3, 133.9, 132.9, 130.6,
128.9, 125.9, 125.8, 125.2, 121.4, 112.3; HRMS YH8¥ calcd for G1H¢CIoN,0.S;[M + H]™: 332.9326.
Found: 332.9330.

1-M ethanesulfonyl-1H-benzoimidazole (3h).** White solid (60 mg, 61% vyield); Mp 121-124 'H
NMR (500 MHz, CDC}): J 8.27 (s, 1H), 7.86~7.81 (m, 2H), 7.48~7.42 (m, 2BiR1 (s, 3H)}*C NMR
(125 MHz, CDCH): 6 144.1, 141.0, 130.9, 125.9, 125.1, 121.4, 112.8.42

2-Methyl-1-tosyl-1H-benzo[d]imidazole (3i).** White solid (117 mg, 82% yield); Mp 135-137 'H
NMR (500 MHz, CDC}): ¢ 8.02 (d,J = 8.0 Hz, 1H), 7.81 (dJ = 8.5 Hz, 2H), 7.63 (dJ = 7.0 Hz,1H),
7.36~7.28 (m, 4H), 2.81(s, 3H), 2.39 (s, 3H% NMR (125 MHz, CDGJ): § 151.4, 146.0, 141.9, 135.5,
133.2,130.3, 126.8, 124.7, 124.6, 119.7, 113.%,25.9.

5,6-Dimethyl-1-tosyl-1H-benzo[d]imidazole (3j). White solid (137 mg, 91% yiel); Mp 140-144 °t
NMR (500 MHz, CDCY): 8.26 (s, 1H), 7.85 (d] = 8.0 Hz, 2H), 7.61 (s, 1H) 7.50 (s, 1H), 7.29J¢, 8.0
Hz,2H), 2.37(s, 6H), 2.33(s, 3HJC NMR (125 MHz, CDGJ): § 145.9, 142.6, 140.5, 135.0, 134.9, 133.9,
130.3, 129.3, 127.1, 121.0, 112.7, 21.6, 20.6,;2dRMS (ESI):m/z calcd for GeH1eN20:S [M + HI":
301.1011. Found:301.1023.

1-Tosyl-1H-benzo[d][1,2,3]triazole (3k).** White solid (130 mg, 95% yield); Mp 128-130 °&&{ NMR
(500 MHz, CDC}): 6 8.12~8.07 (m, 2H), 8.00 (d,= 8.5 Hz, 2H), 7.66 (d] = 8.0 Hz, 1H), 7.48 (d] = 8.0
Hz, 1H), 7.32 (dJ = 8.5 Hz, 2H), 2.39 (s, 3H)*C NMR (125 MHz, CDGJ): ¢ 146.7, 145.5, 134.2, 131.7,
130.3, 128.0, 125.8, 120.6, 112.1, 21.7.

1-Tosyl-1H-1,2,4-triazole (31)."> White solid (61 mg, 55% vyield); Mp 99-102 °@&4 NMR (500 MHz,
CDCl): d 8.75 (s, 1H), 8.02 (s, 1H), 7.97 @z= 8.5 Hz, 2H), 7.40 (dJ = 8.0 Hz, 2H), 2.46 (s, 3H)’C
NMR (125 MHz, CDCJ): 6 154.2, 147.2, 144.5, 132.7, 130.4, 128.7, 21.8.

4.3. General procedure for the synthesis of products 5
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Pyrazoles4 (0.5 mmol), sodium sulfinat2 (1.0 mmol) and NBS or NIS (1.5 mmol) were dissdive 2
mL of EtOAc solvent. the reaction mixture was siitfrat room temperature under air for 12 h. After th
reaction, the resulting mixture was extracted Vti©Ac. The combined organic phase was dried over
anhydrous Ng50, and the solvent was then removed under vacuum.r@$idue was purified by flash
column chromatography on silica gel (petroleum eéteyl acetate, 3:1) to afford the corresponding

product.

4-1 odo-1-(toluene-4-sulfonyl)-1H-pyrazole (5a).*° White solid (148 mg, 85% yield); Mp 85-87 °&4
NMR (500 MHz, CDCY): 6 8.14 (s, 1H), 7.89 (d] = 7.0 Hz, 2H), 7.68 (s, 1H), 7.34 (@= 7Hz, 2H), 2.43
(s, 3H);**C NMR (125 MHz, CDGJ): § 149.8, 146.5, 134.9, 133.6, 130.3, 128.5, 61.3; HRMS (ESI):
mvz calcd for GoHgIN,O,S  [M + NaJ: 370.9327. Found: 370.9316.

4-Bromo-1-(toluene-4-sulfonyl)-1H-pyrazole (5b).” White solid (99 mg, 66% vyield); Mp 109-111 °C;
'H NMR (500 MHz, CDCJ): 6 8.10 (s, 1H), 7.89 (dl = 8 Hz, 2H), 7.65 (s, 1H), 7.35 @z 8 Hz, 2H);*C
NMR (125 MHz, CDC}): 6 146.4, 145.6, 133.5, 130.4, 130.2, 128.4, 97.47; ARMS (ESI):m/z calcd for
C10H9BrN2O,S [M + NaJ': 322.9466. Found: 322.9462.

4-1 odo-1-(phenylsulfonyl)-1H-pyrazole (5c). White solid (100 mg, 60% vyield); Mp 125-128 °&4
NMR (500 MHz, CDC}): ¢ 8.16 (s, 1H), 8.02 (d] = 7.5 Hz, 2H), 7.70~7.66 (m, 2H), 7.563Jt= 8Hz,
2H); °C NMR (125 MHz, CDGJ): § 149.8, 136.6, 134.9, 134.8, 129.5, 128.3, 61.3; ISRHESI):m/z calcd
for CoH/IN,O,S [M + HJ": 334.9351. Found: 334.9343.

1-((4-Chlor ophenyl)sulfonyl)-4-iodo-1H-pyrazole (5d). White solid (155 mg, 84% yield); Mp 120-123
°C; 'H NMR (500 MHz, CDCY): 6 8.14 (s, 1H), 7.97 (d] = 9.0 Hz, 2H), 7.71 (s, 1H), 7.53 @= 9.0 Hz,
2H);13C NMR (125 MHz, CDGJ): 6 150.1, 141.9, 134.9, 134.8, 129.9, 129.7, 61.6; I9RESI):m/z calcd
for CgHeCIIN,O,S [M + H]": 368.8961. Found: 368.8960.

4-Bromo-1-((4-chlorophenyl)sulfonyl)-1H-pyrazole (5€). White solid (136 mg, 85% vyield); Mp
117-119°C:*H NMR (500 MHz, CDC}J) : 6 8.11 (s, 1H), 7.96 (d] = 9.0 Hz, 2H), 7.68 (s, 1H), 7.53 (=
8.5 Hz, 2H);*C NMR (125 MHz, CDGJ): § 146.1, 142.0, 134.9, 130.5, 129.7, 129.7, 97.9; ISRESI):
m/z calcd for GHgBrCIN,O,S [M + HJ": 320.9100. Found: 320.9091.

1-((4-Fluor ophenyl)sulfonyl)-4-iodo-1H-pyrazole (5f). White solid (125 mg, 71% yield); Light yellow
oil; *H NMR (500 MHz, CDGJ): § 8.15 (s, 1H), 8.07~8.04 (m, 2H), 7.71 (s, 1H), 2282 (m, 2H)>C
NMR (125 MHz, CDC}): 6 166.5 (d,Jc.r = 258.6 Hz), 150.0, 134.8, 132.5 (d,r = 3.1 Hz), 131.4 (dlc.r
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= 9.9 Hz), 117.0 (dJc.r = 23.4 Hz), 61.4; HRMS (ESl'z calcd-for GHeFIN2O.S [M. + HJ': 352.9257.
Found: 352.9258.

4-Bromo-1-((4-fluorophenyl)sulfonyl)-1H-pyrazole (5g). White solid (109 mg, 72% vyield); Mp
106-107 °C;*H NMR (500 MHz, CDCJ): ¢ 8.11 (s, 1H), 8.07~8.04 (m, 2H), 7.68 (s, 1H), 2282 (m,
2H); **C NMR (125 MHz, CDGJ): 6 166.5 (d,Jc.r = 257.9 Hz), 146.0, 132.4 (de.r = 3.6 Hz), 131.4 (d,
Jo.r = 9.9 Hz), 130.5, 117.0 (de.r = 23.3 Hz), 97.8; HRMS (ESIjvz calcd for GHeBrEN,O,S [M + HJ'*:
304.9396. Found: 304.9408.

4-| odo-1-(4-methoxy-benzenesulfonyl)-1H-pyrazole (5h). Yellow oil (133 mg, 73% yield)’H NMR
(500 MHz, CDC¥): ¢ 8.14 (s, 1H), 7.95 (d] = 9.0 Hz, 2H), 7.68 (s, 1H), 7.00 @= 9.0 Hz, 2H), 3.87 (s,
3H); *C NMR (125 MHz, CDG)): § 164.8, 149.5, 134.6, 130.8, 127.5, 114.8, 60.9;33RMS (ESI):m/z
calcd for GoHoIN2O3S [M + H]": 364.9457. Found: 364.9458.

4-Bromo-1-(4-methoxy-benzenesulfonyl)-1H-pyrazole (5i). Colorless oil (112 mg, 71% yield)}H
NMR (500 MHz, CDC}): ¢ 8.10 (s, 1H), 7.95 (d] = 8.5 Hz, 2H), 7.65 (s, 1H), 7.00 @ = 9.0 Hz, 2H),
3.87 (s, 3H),13C NMR (125 MHz, CD{): ¢ 164.8, 145.4, 130.8, 130.3, 127.4, 114.8, 97.29;39RMS
(ESI): mvz caled for GoHgBrNoOsS [M + H]™: 316.9595. Found: 316.9587.

4-]1 odo-1-(4-nitr o-benzenesulfonyl)-1H-pyrazole (5j). Yellow solid (117 mg, 62% yield); Mp 125-128
°C; *H NMR (500 MHz, CDCJ): 6 8.40 (d,J = 9.0 Hz, 1H), 8.23 (d] = 9.0 Hz, 2H), 8.18 (s, 1H), 7.75 (s,
1H); **C NMR (125 MHz, CDGJ): 6 151.3, 150.8, 141.9, 135.1, 129.8, 124.7, 62.5; ISRESI):m/z calcd
for CgHgIN304S [M + H]™: 379.9202. Found: 379.9208.

4-1 odo-1-(naphthalene-1-sulfonyl)-1H-pyrazole (5k). White solid (109 mg, 57% vyield); Mp 165-168 °C;
'H NMR (500 MHz, CDCY): 6 8.74 (d,J = 8.5 Hz, 1H), 8.52 (d] = 8.0 Hz, 2H), 8.29 (s, 1H), 8.16 (@=
8.0 Hz, 1H), 7.93 (dJ = 8.0 Hz, 1H), 7.70 (t) = 8.5 Hz, 1H), 7.62-7.59 (m, 3HC NMR (125 MHz,
CDCl3): 0 149.3, 137.0, 134.7, 134.2, 131.5, 129.3, 129.8,312127.5, 124.3, 124.1, 61.1; HRMS (ESI):
m/z calcd for G3HgIN2O,S [M + H]™: 384.9508. Found: 384.9513.

4-Bromo-1-(naphthalene-1-sulfonyl)-1H-pyrazole (51). Yellow oil (87 mg, 52% yield)*H NMR (500
MHz, CDCh): § 8.74 (d,J = 9.0 Hz, 1H), 8.52 (d] = 8.5 Hz, 2H), 8.26 (s, 1H), 8.18 (@= 8.5 Hz, 1H),
7.94 (d,J = 8.0 Hz, 1H), 7.71 (t] = 8.5 Hz, 1H), 7.64-7.60 (m, 3HC NMR (125 MHz, CDG)): § 145.2,
137.0, 134.2, 132.0, 131.5, 130.4, 129.3, 129.8,312427.5, 124.3, 124.1, 97.4; HRMS (E$Hz calcd for
C13HoBrN2O,S [M + HJ": 336.9646. Found: 336.9635.
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4-|odo-3-methyl-1-tosyl-1H-pyrazole (5m).-White solid-(143-mg, 79% yield); Mp-97-100.°& NMR
(500 MHz, CDC}): & 8.05 (s, 1H), 7.87 (d] = 8.0 Hz, 2H), 7.33 (d] = 8.0 Hz, 2H), 2.43 (s, 3H), 2.23 (s,
3H); **C NMR (125 MHz, CDGJ): 6 157.0, 146.0, 135.6, 130.1, 128.2, 65.8, 21.7,;14RMS (ESI):m/z
caled for GiH12IN2O,S [M + HJ': 362.9664. Found: 362.9660.

4-Bromo-3,5-dimethyl-1-tosyl-1H-pyrazole (5n).® White solid (102 mg, 62% yield); Mp 127-130 °C;
IH NMR (500 MHz, CDCJ): § 7.84 (d,J = 8.0 Hz, 2H), 7.32 (d] = 8.0 Hz, 2H), 2.51 (s, 3H), 2.42 (s, 3H) ,
2.22 (s, 3H),13C NMR (125 MHz, CDQJ): ¢ 152.1, 145.6, 141.1, 134.9, 130.0, 127.8, 100.97,2112.8,
12.2; HRMS (ESI)nvz calcd for G,H13BrN,O,S [M + HJ": 328.9959. Found: 328.9960.

2-(4-1odo-1-tosyl-1H-pyrazol-3-yl)pyridine (50). White solid (200 mg, 94% yield); Mp 120-124°&
NMR (500 MHz, CDC}): 5 8.69 (d,J = 4.5 Hz, 1H), 8.25 (s, 1H) , 7.94~7.91 (m, 3H)75 (t,J = 7.5 Hz
,AH) , 7.34~7.30 (m,3H)1,3C NMR (125 MHz, CDd): 0 154.7, 150.2, 148.9, 146.3, 137.6, 136.6, 133.6,
130.2, 128.4, 123.8, 122.9, 60.9, 21.7; HRMS (EB¥¥ calcd for GsH12IN3O,S [M + H]™: 425.9773.
Found: 425.9771.

2-(4-Bromo-1-tosyl-1H-pyrazol-3-yl)pyridine (5p). White solid (185 mg, 98% yield); Mp 104-107 °C;
'H NMR (500 MHz, CDCJ): 6 8.72~8.71 (m, 1H), 8.22 (s, 1H) , 7.94~7.91 (m) 3H.78~7.74 (m, 1H),
7.33~7.30 (m,3H), 2.40 (s, 1HYC NMR (125 MHz, CDGJ): § 152.6, 149.6, 149.2, 146.5, 136.8, 133.3,
132.3, 130.2, 128.4, 123.9, 123.2, 96.9, 21,7; HRM@SI): m/z calcd for GsH1BrNz;O,S [M + HI":
377.9912. Found: 377.9920.

3-Bromo-4-iodo-1-tosyl-1H-pyrazole (5q). White solid (185 mg, 87% yield); Mp 134-138 *&f NMR
(500 MHz, CDC}): 6 8.04 (s, 1H), 7.90 (dl = 8.5 Hz, 2H), 7.36 (d] = 8.5 Hz, 2H), 2.44 (s, 3H)Y’C NMR
(125 MHz, CDC}): ¢ 146.8, 139.4, 136.6, 132.9, 130.3, 128.6, 68.78;2HRMS (ESI):nm/z calcd for
C10HgBrIN,O,S [M + H]™: 426.8613. Found: 426.8617.

3,4-Dibromo-1-tosyl-1H-pyrazole (5r).*° White solid (181 mg, 96% yield); Mp 116-119 °& NMR
(500 MHz, CDC}): 6 8.05 (s, 1H), 7.90 (dl = 8.0 Hz, 2H), 7.37 (d] = 8.0 Hz, 2H), 2.45 (s, 3H)C NMR
(125 MHz, CDC}): 6 146.8, 135.2, 132.9, 131.8, 130.3, 128.6, 101.43;MRMS (ESI):m/z calcd for
C10HgBroN,O,S [M + NaJ': 400.8571. Found: 400.8562.

Ethyl 4-bromo-1-tosyl-1H-pyrazole-3-carboxylate (5s). White solid (134 mg, 72% vyield); Mp 108-111
°C;'H NMR (500 MHz, CDCY): 6 8.17 (s, 1H), 7.94 (dl = 8.0 Hz, 2H), 7.37 (d] = 8.0 Hz ,2H), 4.39 (q]
= 7.0 Hz, 2H), 2.44 (s, 3H), 1.38 (t,= 6.5 Hz, 3H)*C NMR (125 MHz, CDG)): 6 160.0, 147.0, 145.4,
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132.7, 132.5, 130.4, 128.7, 98.6, 61.9, 21.8, 1ARMS (ESI).m/z calcd. for GsHysBrN2O4S [M + HJ™:
372.9858. Found: 372.9875.

4-| odo-3-phenyl-1-tosyl-1H-pyrazole (5t). White solid (136 mg, 64% yield); Mp 139-143 °& NMR
(500 MHz, CDC}): ¢ 8.21 (s, 1H), 7.94 (d] = 8.5 Hz, 2H), 7.78 (d) = 8.0 Hz, 2H), 7.42~7.41 (m, 3H),
7.35 (d,J = 8.0 Hz, 2H), 2.43 (s, 3H)*C NMR (125 MHz, CDG)): § 156.9, 146.2, 137.0, 133.7, 131.0,
130.1, 129.3, 128.5, 128.4, 128.3, 62.0, 21.7; HR{@SI): m/z calcd for GeH13N,O,S [M + NaJ:
446.9640. Found: 446.9645.

4-Bromo-3-phenyl-1-tosyl-1H-pyrazole (5u).”® White solid (184 mg, 98% yield); Mp 97-100 °&4
NMR (500 MHz, CDC}): 6 8.18 (s, 1H), 7.93 (d] = 8.0 Hz, 2H), 7.85~7.84 (m@H), 7.42~7.40 (m, 3H),
7.35 (d,J = 8.0 Hz, 2H), 2.43 (s, 3H)*C NMR (125 MHz, CDG)): § 154.1, 146.3, 133.6, 132.3, 130.2,
130.1, 129.4, 128.7, 128.4, 128.3, 128.2, 96.%8; MRMS (ESI):mVz calcd for GgH13BrN,O,S [M + HJ*:
376.9959. Found: 376.9961.

4-Methyl-benzenesulfonyl bromide (6).%° White solid (115 mg, 98% yield); Mp 94-97 °&4 NMR
(500 MHz, CDC}): 6 7.88 (d,J = 8.0 Hz, 2H), 7.39 (d] = 8.0 Hz, 2H), 2.49 (s, 3H)*C NMR (125 MHz,
CDCl): 6 146.7, 144.7, 130.1, 126.5, 21.8;

4-1 odo-3-phenyl-1H-pyrazole (7). White solid (20 mg, 15% vyield); Mp 135-138 °& NMR (500 MHz,
CDCl): 6 9.26 (br,1H), 7.71 (dd,) 1= 8.0 Hz,J ,= 1.5 Hz, 2H), 7.58 (slH), 7.47~7.42 (m, 3H}*C NMR
(125 MHz, CDC}): 5 147.5, 141.6, 130.3, 130.0, 128.7, 128.0, 57.2; ISRESI):nVz calcd for GH7IN,
[M + H]": 270.9654. Found: 270.9652.

3-Phenyl-1-(toluene-4-sulfonyl)-1H-pyrazole (8).2* White solid (27 mg, 18% yield); Mp 130-133 *t{
NMR (500 MHz, CDCJ): 6 8.12 (d,J = 2.5 Hz, 1H), 7.93 (dJ = 8.0 Hz, 2H), 7.81 (dJ = 8.0 Hz, 2H),
7.39~7.31 (m, 5H), 6.69 (d, = 2.5 Hz, 1H), 2.40 (s, 3H)°C NMR (125 MHz, CDGJ): ¢ 156.9, 145.7,
134.3, 132.5, 131.5, 130.0, 129.2, 128.6, 128.8,41206.4, 21.7;
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