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Abstract 

The synthesis of iodolopyrazolium salts via an oxidative cyclization of 3-(2-iodophenyl)-

1H-pyrazoles is described. The reaction is characterized by a broad substrate scope 

and various applications of these novel cyclic iodolium salts acting as useful synthetic 

intermediates are demonstrated, in particular in site-selective ring-openings. This was 

finally applied to generate derivatives of the anti-inflammatory drug celecoxib. Their 

application as highly active halogen bonding donors is shown as well. 
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Introduction 

Pyrazoles are found in numerous small molecules which exhibit a wide range of 

biological activities. Because of that the synthesis of complex structures bearing a 

pyrazole ring is of great interest in academic research and for the chemical-, 

pharmaceutical- and agricultural industry.[1–3] Most prominent examples of 

pharmaceuticals substituted by pyrazoles are the highly selective COX-2 inhibitor 

Celecoxib,[4] the anti-psychotic CDPPB[5] or the anorectic anti-obesity drug 

Rimonabant[6] (Figure 1, a). Analgesic and anti-inflammatory activity was ascertained 

for the natural product Whitasomnine, whereas Pyrazofurin exhibits promising antiviral 

and antitumor properties.[7,8] Fused tricyclic pyrazole derivatives have been intensively 

investigated structural motifs in a wide range of medicinal studies as well.[9–21] 



Figure 1: Pyrazole-containing pharmaceuticals and natural products (a) and λ3-iodanes (b). 
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Due to the high relevance of this heterocycle, reactive synthetic intermediates already 

substituted by a pyrazole would allow the fast modification of a given target. 

Hypervalent iodine reagents are in general versatile building blocks and specific group 

transfer reagents, with diaryliodonium salts or alkynyl-3-iodanes being prominent 

examples.[22–38] Even though pyrazole-substituted iodanes and diaryliodonium salts 

are known (Scheme 1, c),[39–51] selective applications as electrophilic group transfer 

reagents are still scarce.[52–54]  

Our group is interested in the synthesis and reactivity of N-heterocyclic stabilized 

iodanes (NHIs) as well as their monovalent iodoarenes as pre-catalysts.[55–59] Recently, 

we investigated several hydroxy(tosyloxy) species as oxidants, including C- and N-

bound pyrazole and indazole derivatives.[57,58] Herein, we want to report the synthesis 

of cyclic, pyrazole-substituted iodolium salts (benzo[4,5]iodolo[3,2-c]pyrazol-4-ium 

(bis)triflates) and their versatile utilization as intermediates for pyrazole 

functionalization strategies as well as their application as potent halogen bonding (XB) 

donors.  

 

 

 

 



Results and Discussion 

We started our investigation with the oxidation of 5-methyl-pyrazole 1a (Scheme 1) 

using a slight excess of TfOH (1.1 equiv) in DCM. As expected, the intermediary N-

heterocyclic-stabilized iodane 2a was the only product formed after 2.5 h. After an 

elongated reaction time (65 h) formation of the desired product 3a was observed and 

its structure was unambiguously confirmed via X-ray. After optimization (see SI for 

details) complete conversion towards the iodolopyrazolium bistriflate 3a was achieved 

using 2.0 equivalents of TfOH in MeCN. 

Isolated intermediate 2a showed no signs of cyclization in the absence of additional 

TfOH even after several days in MeCN, but readily cyclizes upon the addition of 

substoichiometric amounts of TfOH (0.5 equiv) in 16 h.  

 

Scheme 1: Oxidation of 1a and crystal structure of 3a.a 
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Oxidative cyclization of 1a to 3a and X-ray structure (ORTEP drawing) of 

3a (CCDC 2011721) with coordination of MeOH and TfO– to the iodine. 

Selected bond lengths: I1-C5: 2.123 Å; I1-C2: 2.054 Å; I1-O2: 2.863 Å; 

I1-O4: 2.720 Å. Selected bond angles: C2-I1-C5: 81.52°; C5-I1-O2A: 

167.45°; C2-I1-O4: 165.52°. aSecond conformation of the counterion 

omitted for clarity. 

 

With these optimized reaction conditions, the reaction scope was investigated on a 

0.150 mmol scale (Scheme 2). On this scale, 3a was obtained in 92%. Likewise, the 

3,5-dimethyl pyrazole 1b gave the cyclization product 3b in 88%. Formation of 3b might 



be the reason why pyrazole 1b showed a very low performance in our recently 

investigated -tosyloxylation using NHIs.[55] Next, the alkyl side chain was varied. 

Pyrazoles with a n-butyl or a t-butyl group yielded 3c and 3d in 67-70%. Since a 

potential low solubility of the intermediary formed NHIs in MeCN might have caused 

these diminished yields, we adapted the original procedure and used DCM as the 

solvent (Method B). With this slight adaption significantly better yields (81-84%) were 

obtained. With an even bulkier adamantyl side chain only Method B was applicable 

giving 3e in 90% yield. The unsubstituted 3-(2-iodophenyl)-1H-pyrazole (1f) yielded 3f 

in 74%. Trimethylsilyl and acetamido moieties were tolerated giving 3g and 3h in yields 

of 79-94% (Method B). 

Scheme 2: Substrate Scopea 

 
aReaction conditions: 1 (0.150 mmol), mCPBA (85%, 36.8 mg, 

0.180 mmol, 1.2 equiv) and TfOH (26.4 µL, 0.300 mmol, 2.0 equiv) 

in the corresponding solvent (1.5 mL) for 16 h (A) or 65 h (B, C) at 

room temperature (A, B) or 50 °C (C). DCE: 1,2-dichloroethane. 



With a strong electron withdrawing CF3-group on the pyrazole core, harsher conditions 

were needed due to the higher electron deficiency of the intrinsically already electron 

poor N-heterocycle. Therefore, we adapted our initially optimized conditions again and 

performed the reaction at 50 °C. While the reaction in MeCN gave only a complex 

mixture, the cyclization was feasible in 1,2-dichloroethane (82%). Interestingly, product 

3i showed only one equivalent of the triflate counterion. Under the same conditions, 

further electron withdrawing groups such as a methyl ester (3j) or an amide (3k) were 

applicable (82-83%).  

While a thiophene group was not tolerated, the 3-phenyl derivative 3l was obtained in 

excellent yield (92%). Substrates with electron withdrawing groups on the phenyl group 

(NO2, F) gave the corresponding iodolium salts 3m-n in high yields (84-90%), while 

strong electron donating methoxy groups are not tolerated under these conditions (3o). 

Finally, different substituents on the iodophenyl-part were investigated. An ortho-

methyl or ortho-chloro moiety gave slightly diminished results, yielding 3p in 57% and 

3q in 54%, respectively. In contrast, substrates bearing trifluoromethyl, bromo or 

phenyl units in the 4-6 position performed well, furnishing the desired products 3r-v in 

high to excellent yields (76-92%). 

Next, it was investigated whether N-substituted pyrazoles are also applicable under 

these reaction conditions. When a 58:42-mixture of N-methyl substituted pyrazole 1v 

was submitted to the reaction, the cyclized product 3v was obtained in 72% yield as a 

65:35-mixture of isomers. Using a N-phenyl-substituted pyrazole 1w, the 

corresponding product 3w was obtained in 90%. Following this result, both N-phenyl 

substituted CF3-pyrazole isomers 1x-y were tested. The 1H-derivative 1x yielded the 

desired product 3x in 78%, whereas the 2H-derivative 1y gave no cyclization product, 

but only the stabilized hydroxy-NHI. 

We also performed a gram-scale experiment (5.00 mmol) using 1l, giving the bistriflate 

3l in 89%. Recrystallization from MeCN/H2O furnished the monotriflate 3l’ in 82% 

overall yield (Scheme 3, a). As the bis triflate salt formation was observed for several 

substrates throughout the substrate scope, simple recrystallization from aqueous 

solution – as indicated by the formation of the monotriflate 3l’ – would be a convenient 

methodology for the generation of defined monotriflates. To test this, compounds 3a-

b and 3f were recrystallized from H2O, fortunately yielding the iodolopyrazolium triflates 

3a’-b’ and 3f’ in 72-95% (Scheme 3, b).  



Scheme 3: Gram-scale experiment with 1l (a) and removal of TfOH (b). 

 

To demonstrate the applicability of these novel iodolopyrazolium triflates different 

derivatisations were investigated based on the 3-methyl and the 3-phenyl derivatives 

3a’ and 3l’ (Scheme 4). Exchange of the counterion was easily achieved by 

deprotonation and subsequent treatment of the betaine with acetic acid, yielding the 

water-soluble acetate 3ab in 96%. Counter ion exchange can be performed by 

treatment of a hot solution of the triflate derivative with an aqueous solution of either 

KI or KBr. Thermolysis of the unpurified iodolopyrazolium salts resulted in 

regioselective ring opening at the pyrazole. While iodolopyrazolium iodides gave the 

diiodo compounds 4a and 4b in 58% and 78% yield over two steps, thermolysis of the 

3-methyl iodolopyrazolium bromide yielded 5 in 79%. Copper mediated 

transformations showed a different selectivity. In a three-component reaction with 

sodium azide and phenylacetylene, the 3-methyl species 3a’ gave the pyrazolo[4,3-

c][1,2,3]triazolo[1,5-a]quinoline 6 in 22% yield. So far there is no other synthetic 

procedure available for this novel fused heterocycle. The copper-catalysed ring 

opening of 3l’ with acetate followed by hydrolysis furnished the phenol 7 in 70% yield. 

Lastly, sulphur-iodine and selenium-iodine exchange reactions were conducted, 

yielding 3-phenyl-2H-benzo[4,5]thieno[3,2-c]pyrazole (8) in 63% and the seleno 

derivative 9 in 23%. Hence this method gives an easy synthetic entrance towards 

benzoselenophenopyrazoles.[60,61]  

 



Scheme 4: Derivatisations of 3a’ and 3l’.a 

 
aReaction conditions: a) (i)1 M NaOH, hot MeCN, 5 min, (ii) AcOH, 

H2O, 5 min; b) (i) KI, H2O, hot EtOH, (ii) neat, 185-190 °C, 5 min; 

c) (i) KBr, H2O, hot EtOH, (ii) neat, 220 °C, 5 min; d) (i) NaN3, 

phenylacetylene, CuI, NaHCO3, DMSO, argon, rt, 23 h, (ii) air, 

50 °C, 22 h; e) (i) NaOAc, CuSO4 • 5 H2O, Ac2O, AcOH, 120 °C, 

6 h, (ii) NaOH, DCM, MeOH, 0.5 h; f) S8, Cs2CO3, DMSO, 100 °C, 

5 h; g) Se, Cs2CO3, DMSO, 80 °C, 18 h. 

 

Inspired by the high functional group tolerance the synthesis of two iodolopyrazolium 

species 3z-za based on the 2’-iodo-substituted derivatives 1z-za of the 

pharmaceuticals Celecoxib and CDPPB (Scheme 5) was envisioned. Applying the 

established conditions for pyrazoles with electron-withdrawing substituents (Method 

C), 2’-iodo-Celecoxib 1z gave the desired product 3z in 89% yield on small scale and 

nearly quantitative yield on gram-scale (Scheme 5, a). On the other hand, similar to 

the acetamido derivative 1h, the CDPPB analogue 1za readily reacted at room 

temperature (Method B) yielding the cyclized species 3za in 88% (Scheme 5, b).  

 



Scheme 5: Oxidative cyclization of 2’-iodo-Celecoxib 1z (a) and 2’-iodo-CDPPB 1za (b).a

 

aReaction conditions: 1 (0.150 mmol), mCPBA (85%, 36.8 mg, 

0.180 mmol, 1.2 equiv) and TfOH (26.4 µL, 0.300 mmol, 2.0 

equiv) in the corresponding solvent (1.5 mL). b 2.00 mmol scale. 

Both, 3z as well as 3za, have a high potential as valuable building blocks for the 

synthesis of diversely substituted derivatives of these interesting biologically active 

compounds. Therefore, derivatisations towards highly functionalized Celecoxib 

analogues were further investigated (Scheme 6). Treatment of 3z with CuI/piperidine 

gave the diiodide 10 in 82% yield. Reactions with O- and N-nucleophiles furnished the 

phenol 11 in 70% and the aniline 12 in 93%.  

 

Scheme 6: Cu-mediated derivatisations of 3z. 

 
aReaction conditions: a) CuI, piperidine, Na2CO3, DCM, 40 °C, 

1 h; b) (i) NaOAc, CuSO4 • 5 H2O, Ac2O, AcOH, 120 °C, 5 h, (ii) 

NaOH, H2O; c) Cu(OAc)2•H2O, aniline, Na2CO3, iPrOH, 40 °C, 

18 h. 

 



Finally, due to their intrinsic electron deficiency caused by the fused pyrazole moiety 

the performance of iodolopyrazolium triflates in XB-based halide abstractions was 

investigated. In the solvolysis of benzhydryl halides with acetonitrile as the benchmark 

reaction iodolium salts of type 15 showed the highest activity outperforming previous 

reported bidentate XB-donors.[62] As the unsubstituted iodolopyrazolium triflate 3f’ 

would not be suitable because of the NH-moiety, N-phenyl derivative 3w was chosen 

instead (Scheme 7). Initially, the formation of acetamide 14 via the easier activated 

benzhydryl bromide 13a was investigated. 3w showed a high reactivity forming the 

desired product in 79% yield after 4 h, whereas with iodolium triflate 15 61% was 

observed. Intrigued by this finding, we tested this transformation with the significantly 

less reactive benzhydryl chloride 13b and were pleased to observe a high reactivity for 

3w with this substrate as well, yielding 14 in 59% after only 8 h. In comparison, the use 

of 15 as the model XB-donor gave acetamide 14 in only 19% under the same 

conditions, which was in good accordance with previously reported results.[62] 

Increasing the reaction time to 16 h finally lead to the formation of 14 in 77% yield. This 

experiment implies that 3w is the most active XB-donor for this transformation reported 

to date. 

Scheme 7: XB-based halide abstraction.a 
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aReaction conditions: Benzhydryl halide 13 (25.0 µmol) and XB-

donor 3w or 15 (25.0 µmol) were stirred in wet MeCN (2.5 mL) at 

room temperature (25 °C). Yields (average of two separated 

runs) were determined via 1H-NMR using dimethyl malonate as 

the internal standard. b16 h reaction time.  

 

Summary 

In conclusion, we investigated the direct oxidative cyclization of 3-(2-iodophenyl)-1H-

pyrazoles to novel iodolopyrazolium (bis)triflates via in situ formed N-heterocyclic-

stabilized hydroxy-λ3-iodanes. The reaction exhibits a broad functional group tolerance 



as a wide variety of substrates containing alkyl-, aryl-, silyl-, trifluoromethyl-, ester-, 

amide- and halide substituents are well tolerated, both, at the pyrazole as well as on 

the (iodo)aryl core. With further derivatizations, in particular highly site-selective ring-

openings but also heterocycle formation, the wide application of these N-heterocyclic 

iodolium salts was demonstrated. This was successfully applied towards efficient 

functionalizations of the COX-2 inhibitor Celecoxib into valuable and potentially 

biologically active building blocks. Finally, the potential of a well-chosen 

iodolopyrazolium (bis)triflate as XB-donor was investigated in the solvolysis of 

benzhydryl halides. High reactivity in the halide abstraction was observed, 

outperforming previously reported XB-donors for this benchmark reaction.  

Deeper investigations towards the formation and reactivity of the iodolopyrazolium 

triflates, in particular as XB-donors, and the synthesis of further N-heterocycle-

containing iodolium derivatives in a broader sense are under current investigation in 

our laboratory. 

 

Experimental Section 

Detailed experimental procedures, complete optimization and characterization data 

including the corresponding 1H and 13C NMR spectra for all new compounds and the 

X-ray data for 3a can be found in the supporting information.  
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