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Abstract 

The functionalization of aryl C(sp2)–H bonds is a useful strategy for the 

late-stage modification of biologically active molecules, especially for the 

regioselective introduction of azole heterocycles to prepare medicinally-

relevant compounds. Herein, we describe a practical photocatalytic 

transformation using a mesoporous carbon nitride (mpg-CNx) 

photocatalyst, which enables the efficient azolation of various arenes 

through direct oxidation. The method exhibits a broad substrate scope 

and is amenable to the late-stage functionalization of several 

pharmaceuticals. Due to the heterogeneous nature and high 

photocatalytic stability of mpg-CNx, the catalyst can be easily recovered 

and reused leading to greener and more sustainable routes, using either 

batch or flow processing, to prepare these important compounds of 

interest in pharmaceutical and agrochemical research. 
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3.1 Introduction 

The ability to functionalize organic molecules is the central tenet of 

synthetic organic chemistry.1 Historically, this was achieved by 

converting functional groups in a step-wise and selective fashion to 

gradually build up molecular complexity (so-called synthon approach).2 

As a leading example, transition metal-catalysed cross-coupling served as 

a powerful transformation to construct carbon–carbon and carbon–

heteroatom bonds by matching nucleophiles with suitable electrophiles.3 

Key for the success of cross-coupling chemistry is the access to molecular 

fragments with this appropriate built-in functionality, requiring often 

laborious multi-step synthetic protocols. 

The need to pre-install such functional handles prevents these classical 

strategies from being practical for the late-stage functionalization (LSF) 

of biologically active molecules and materials. LSF is an ideal strategy to 

rapidly prepare a diverse set of analogues, which are useful to study 

structure-activity relationships, to block metabolic sites or to prepare 

oxidized metabolites.4 As a prime example of LSF, C–H bond activation 

has enabled chemists to purposely modify C–H bonds in organic 

molecules.5 In many cases, these modifications occur in the proximity of 

an existing functional group,6 so-called directing group, which allows to 

navigate the active catalyst to a certain C–H bond after which the actual 

functionalization step occurs.7 However, the most versatile strategy is the 

undirected and selective C–H bond functionalization, which is far more 

challenging.8 

Several notable strategies to functionalize C(sp2)–H bonds utilize electro-

9, photo-10 or photoelectrochemical11 oxidation of electron-rich arenes to 

give the corresponding radical cations, which can be subsequently 

attacked by various nucleophiles. Nicewicz et al. have shown that such a 
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strategy can be used for the site-selective C(sp2)–H amination of arenes 

with azoles.12 A photoelectrocatalytic approach was developed by Hu et 

al. using haematite as photoanode and allowed to avoid the use of 

homogeneous photocatalysts.13 Recently, Wang, König et al. developed a 

metal-free semiconductor strategy using hexagonal boron carbon nitride 

as a photocatalyst.14 Despite these seminal advances, a general protocol 

displaying a broad substrate scope and using an easy-to-recover 

photocatalyst remains a challenge. 

In this line, graphitic carbon nitride (CNx), a polymeric material 

composed of heptazine units, has emerged as one of the most promising 

heterogeneous photocatalysts.15 This material has gathered interest for 

being inexpensive, robust and easy to prepare, along with possessing 

outstanding thermal, chemical and photo-stability. CNx has a broad 

absorption in the UV-Visible region and an optical band gap of 

approximately 2.7 eV (from approximately +1.2 V to –1.5 V versus SCE), 

making it suitable for various applications, including solar fuels 

production, environmental remediation16 and organic transformations.17 

The physical and chemical properties of graphitic carbon nitride can be 

easily tuned by simple modifications. One of its morphologically modified 

derivatives, known as mesoporous graphitic carbon nitride (mpg-CNx), is 

particularly attractive for catalytic applications due to its large surface 

area.18 

Herein, we describe the use of mpg-CNx as a heterogeneous photocatalyst 

to enable the photocatalytic C–H azolation of arenes. The scope of the 

transformation is broad, enabling both early-stage modification of arenes 

and late-stage functionalization of drug molecules. Due to its 

heterogeneous nature, graphitic carbon nitride can be recovered easily 

and recycled without loss of its photocatalytic activity. Moreover, the 

photocatalyst can be loaded in a packed-bed reactor, which allows easy 
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separation of the product from the photocatalyst and enables scale-up as 

well as higher-throughput of the targeted transformation in flow. 

3.2 Results and discussion 

The mpg-CNx photocatalyst was synthesized as previously reported by 

heating cyanamide as a single precursor with silica as a hard template in 

air at 550 ℃ for 4 h, followed by silica etching using aqueous ammonium 

difluoride.16b The material was characterized by powder X-ray diffraction 

(pXRD), attenuated total reflectance infrared (ATR-IR), UV-Vis diffuse 

reflection spectroscopy (DRS), and scanning electron microscopy (SEM) 

to confirm the features and morphology of mpg-CNx (Figure 1). The 

stacking and in-plane periodicity of this polymeric material can be 

confirmed from the pXRD peaks at 27° and 12°, respectively. The ATR-IR 

peak at 804 cm–1 confirms the characteristic vibration of the heptazine 

core. The mpg-CNx exhibits the expected UV-Vis absorption and SEM 

images show the mesoporosity of the material. 

With sufficient quantities of mpg-CNx photocatalyst in hand, we 

commenced our investigations with the coupling reaction between 

mesitylene and pyrazole as benchmark (Table 3.1). After an extensive 

evaluation of different reaction condition, we identified optimal reaction 

conditions outlined in Table 3.1, Entry 1. The cross-coupling between 

mesitylene and pyrazole could be realized in the presence of mpg-CNx 

and adding potassium persulfate as the oxidant. Control experiments 

revealed that the reaction required a photocatalyst, light and oxidants to 

yield the targeted product 1 (Table 3.1, Entries 2-6). It is worth 

mentioning that K2S2O8, in the absence of photocatalyst, can also enable 

C(sp2)-H functionalization reactions,19 albeit at low yields under the 

employed cross-coupling reaction conditions (Table 3.1, Entry 2). Finally, 

the reaction was subjected to UV-A light (λ = 365 nm LEDs) to obtain 
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optimal results but could also be realized with visible light (Table 3.1, 

Entry 1, 8). This observation sets mpg-CNx apart from classical 

semiconductor-based photocatalysts, such as TiO2 (Table 3.1, Entries 9-

10).20 

Table 3.1. Control reactions for optimized reaction conditions for the photocatalytic C–H 

azolation of arenes. a 

 

Entry Deviation from above Yield 1 (%) b 

1 none 82 (80)c 

2 No mpg-CNx 7 

3 No K2S2O8 51 

4 
No O2; under N2 

atmosphere 
39 

5 No K2S2O8, No O2 n.d. 

6 Na2S2O8 instead of K2S2O8 61 

7 No light n.d. 

8 Blue light 60 

9 TiO2 instead of mpg-CNx 41 

10 
TiO2 instead of mpg-CNx 

irradiated with blue light 
n.d. 

a Reaction conditions: pyrazole (0.2 mmol), mesitylene (6 equiv), mpg-CNx (1.67 mg/mL), 

K2S2O8 (1 equiv), O2 (1 atm), CH3CN (3 mL), room temperature, 365 nm UV LEDs (60 W), 

15 h. b Yields were determined by 1H NMR spectroscopy with pyrazine as external 

standard. c Isolated yield. n.d.= not detected. 

With the optimal reaction conditions established, we evaluated the 

generality of our mpg-CNx-enabled photocatalytic C–H azolation of 

arenes (Scheme 3.1). Mesitylene as a model substrate was combined with 

various alkyl- and aryl-bearing pyrazoles, generating the coupled 

products in good yields (1-4, 50-80%). The reaction tolerated also 

halogenated pyrazoles, which afford the targeted compounds in excellent 
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yields (5-6, 78-81%); these halogenated compounds can serve as suitable 

electrophiles in classical cross-coupling chemistry.21 Also pyrazoles with 

electron-withdrawing functional groups (e.g., ester) were accommodated 

in the transformation (7, 69%). Notably, a pyrazole containing a boronic 

acid pinacol (Bpin) ester functionality was successfully coupled under 

the reaction conditions (8, 38% yield); the presence of the Bpin 

functionality should enable further diversification in other catalytic 

transformations, such as Suzuki-Miyaura 22 or Chan-Evans-Lam coupling 

reactions.23 Other azoles, including triazoles (9-10, 82-95%), tetrazole 

(11, 37%) and purines (12-14, 22-39%), were found to serve as 

competent nucleophiles even some substrates (purines) have a limited 

solubility. Remarkably, we also managed to functionalize the anabolic 

steroid stanozolol to yield adduct 15 in synthetically useful quantities 

(15, 30%). 

Next, we investigated the ability of the developed photocatalytic protocol 

to functionalize various arenes using pyrazole as the benchmark coupling 

partner (Scheme 1). Various alkylated and arylated arenes could be 

coupled with pyrazole in good to excellent yields (16-21, 25-94%). These 

examples also show that the photocatalytic procedure is not particularly 

sensitive to steric hindrance (e.g., 1, 16, 20). Also, electron-rich arenes 

can be readily coupled with pyrazole (22-24, 47-76%). Heteroarenes as 

drug-like moieties, such as quinoline and imidazo[1,2-b]pyridazine, are 

suitable reaction partners as well, yielding the targeted compounds in 

medicinally-relevant quantities (25-26, 26-36%). 
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Scheme 3.1. Substrate scope of the photocatalytic C–H azolation of arenes using mpg-CNx 

as a heterogenous photocatalyst. [a]Reaction conditions: Azole (0.6 mmol), arene (6 

equiv.), mpg-CNx (1.67 mg mL-1), O2 (1 atm), K2S2O8 (1 equiv.), 365 nm LEDs (60 W), 

CH3CN (3 mL), rt, 15 h; [b] Arene (18 equiv.); [c] Arene (18 equiv.), 24 h; [d] Arene (18 

equiv.), 40 h; [e] 24 h; [f] 40 h. Brsm: based on remaining starting material. 
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Given the pharmaceutical relevance of the developed photocatalytic 

protocol,24 we further sought to convert several medicinal scaffolds with 

pyrazole as nucleophile. As shown in Scheme 3.1, dihydrocoumarin, 

clofibrate, mexiletine and metaxalone could be readily engaged in the 

photocatalytic C–H azolation coupling procedure, yielding the 

corresponding adducts (27-30, 11-88%). These results underscore the 

potential of our transformation to enable the late-stage functionalization 

of important Active Pharmaceutical Ingredients (APIs). 

One of the major advantages of heterogeneous photocatalysis is the ease 

of photocatalyst recovery, facilitating the purification of APIs to meet the 

associated stringent purity requirements.25 The recovered catalyst can 

subsequently be reused on the proviso that its activity is preserved and 

the heterogeneous catalyst is not leached into solution.26 For our 

benchmark coupling reaction between mesitylene and pyrazole (Table 

3.1, Entry 1), we showed that mpg-CNx could be recycled at least 4 times 

without any noticeable loss of photocatalytic activity (Figure 3.1A). It 

should be further noted that the entire substrate scope was done with a 

single batch of mpg-CNx, which was recovered after each experiment 

(Scheme 3.1). Also powder pXRD, ATR-IR, UV-Vis and SEM images 

revealed no apparent changes in the nature of the photocatalyst before 

and after photocatalysis, further substantiating the high stability of mpg-

CNx (Figure 3.1). Finally, we also investigated several batches of mpg-CNx 

photocatalyst and obtained for three different batches identical kinetic 

profiles (See Figure S3.7), demonstrating excellent inter-batch 

reproducibility. 
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Figure 3.1. Recovery and recyclability of mpg-CNx. a) Recyclability of mpg-CNx (Yields 

were determined by 1H NMR spectroscopy with pyrazine as external standard). b) 

powder x-ray diffraction patterns of fresh and recovered mpg-CNx after 4 cycles. c) ATR-

IR spectra of fresh and recovered mpg-CNx after 4 cycles. d) UV-Vis DRS. e) SEM image of 

the material before and f) after 4 photocatalytic cycles. 

These results show that the catalyst is a stable and promising candidate 

for prolonged use during a scale-up experiment in a continuous-flow 

reactor.27 Essentially two strategies can be distinguished for handling 

solids in flow, i.e., suspension flow28 or immobilization inside the 

reactor.18c, 29 We selected the latter approach as it avoids the need for 

catalyst recovery/recycling strategies and is technologically 

straightforward to implement. After packing a capillary (PFA, 2 mm I.D. × 
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3 mm O.D.) with mpg-CNx, a segmented flow of the liquid reagents and 

oxygen gas was directed over the photocatalytic bed which was subjected 

to 365 nm LED irradiation (Scheme 3.3; see Supporting Information). Due 

to the high light intensity in capillary microreactors,30 we observed a 

significant acceleration of the reaction kinetics leading to a full 

conversion within only 30 minutes residence time (Scheme 3.3). Using 

these optimized flow conditions, 0.56 g of the target compound 1 could 

be readily obtained with a high turnover frequency (TOF) valve (835.2 

μmol g-1 h-1) of the mpg-CNx photocatalyst. 

 

Scheme 3.3 Scale up and reaction kinetics of the C–H azolation of arenes in a continuous-

flow packed bed reactor filled with mpg-CNx. 

Based on our experimental observations, a plausible mechanistic 

rationale is suggested in Scheme 3.2. Upon light absorption, mpg-CNx 

generates an electron-hole pair.31 The arene (e.g. Mesitylene, Eox = + 2.05 

V vs SCE)32 is subsequently oxidized via a single electron transfer from 

the arene to the hole in the valence band of mpg-CNx. The corresponding 
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arene radical cation is prone to nucleophilic attack from the azole 

coupling partner. This event is followed by another single electron 

oxidation and proton removal, which rearomatizes the arene yielding the 

targeted cross-coupled product. Oxygen and K2S2O8 play a role as 

electron acceptor from the conduction band of mpg-CNx and as terminal 

oxidant in the rearomatization process. 

3.3 Conclusions 

In summary, we have developed a practical protocol for the 

photocatalytic C–H azolation of arenes using heterogeneous mesoporous 

carbon nitride. The reaction displays a broad scope including both early- 

and late-stage functionalization of aryl C(sp2)–H bonds. mpg-CNx is 

shown to be highly stable under the developed reaction conditions and 

can be recycled several times without noticeable reduction in 

photocatalytic activity and can be used under continuous-flow reaction 

conditions. Due to the heterogeneous and metal-free nature of this 

photocatalyst, we expect this method to be of great added value to the 

synthetic community, both in academia and industry. 

3.4 Experimental Section 

3.4.1 Catalyst preparation  

mpg-CNx was synthesized and characterized by ATR-IR, pXRD and UV-

Vis DRS according to a procedure previously reported.33 For mpg-CNx, 

cyanamide (3 g) was dissolved in a 40 wt.% dispersion of SiO2 (7.5 g, 

Ludox SM) in water, stirring at 60 °C overnight. The resulting solution 

was then heated at a rate of 2.3 °C·min-1 over 4 h to reach a temperature 

of 550 °C, and then kept at this temperature for further 4 h. The resulting 

brown-yellow powder was treated with 4 M NH4HF2 for 24 h in order to 

remove the silica template. The powders were then centrifuged at 9000 
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rpm and washed three times with distilled water and twice with ethanol. 

Finally, the powders were dried overnight at 70 °C under vacuum.  

3.4.2 Reactor Design 

Homemade setup for batch experiments 

All the optimization experiments and scope in batch were performed 

with our homemade photoreactor (Figure S3.1). 

 

Figure S3.1. (A) 3D printed reactor in use. (B) the reactor was covered with reflective 

tape and contains 2.5 m of near-UV LED strip (365 nm, 60W). The reactor has an inner 

diameter of 12.5 cm. 

Vapourtec UV-150 

For the experiments in flow, a Vapourtec UV-150 photochemical reactor 

was used, equipped with 150 W LED (365 nm). A packed-bed reactor 

(Figure S3.2) was prepared following a reported procedure.18c A 3 wt.% 

mpg-CNx mixture was prepared by gently grinding 100 mg of mpg-CNx, 

540 mg of K2S2O8 and 2.8 g of a 1:1 mixture of 212-300 μm and 425-600 

μm diameter glass beads in an agate mortar. This mixture was then 

vigorously stirred in a vortex generator for 30 s. One end of a 1 m long 
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PFA tube (3 mm O.D., 2 mm I.D.) was plugged with Celite and cotton filter, 

and the tube was then filled approximately up to a height of 5 cm with 

212-300 μm diameter glass beads. The photocatalyst-containing mixture 

was packed into the tube, and the other end was then closed with a cotton 

filter. The entry and exit point of the reactor were connected to 1/8” O.D. 

1/4”-28 flat bottom flangeless fittings, for facile in-line connection. The 

volume of the photoreactor, Vr, was calculated using the difference in 

mass of the packed ‘dry’ reactor (m1) and the mass of the packed reactor 

when filled with the solvent of choice (m2) (Eq. S3.1). 

𝑉𝑟 =
∆𝑚

𝜌𝑠𝑜𝑙𝑣.
=

(𝑚2−𝑚1)

𝜌𝑠𝑜𝑙𝑣.
                                 (Eq. S3.1) 

where ρsolv. denotes the solvent density. The calculated volume of the 

packed-bed reactor was 1.74 mL. 

 

Figure S3.2. Picture of packed bed reactor with Vapourtec reactor support. 

The setups of the flow experiments are shown in Figure S3.3 and S3.4.  
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Figure S3.3 Picture of the flow setup for premixing of substrate solution and O2. 

 

Figure S3.4 Picture of the setup of experiments in flow. 
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3.4.3 General procedure  

General procedure 1 (GP1) for batch conditions: 

Three oven dried vials (13 x 100 mm) equipped with a stirring bar were 

charged with mpg-CNx (5 mg, 1.67 mg mL-1), K2S2O8 (54 mg, 0.2 mmol, 1 

equiv.), azole (0.2 mmol, 1 equiv.) and arene (1.2 mmol, 6 equiv.). 

Subsequently, CH3CN (3 mL) was added and the vials were sealed with 

caps. After sonicating for 5-10 min, O2 was bubbled into the three vials 

for 5 min. The vials were then irradiated in the batch reactor (described 

above) at room temperature with rapid stirring (1500 rpm) under an 

oxygen atmosphere. When the reaction was over (15-40 h), the crude 

reaction mixtures were centrifuged at 5000 rpm for 5 min and then the 

liquid phase was carefully separated. The catalyst was washed twice with 

CH3CN. The combined organic phase was dried under reduced pressure 

and purified by flash column chromatography on a Biotage® Isolera Four 

system affording the product, which was characterized by 1H NMR, 13C 

NMR, and HRMS. 

General procedure 2 (GP2) for flow conditions: 

To a 5 mL oven-dried volumetric flask pyrazole was added (20 mg, 0.06 

M), together with mesitylene (6 equiv., d = 0.864 g·mL-1, 166.8 μL) and 

CH3CN (up to 5 mL). The reaction mixture was transferred into a 20 mL 

Erlenmeyer flask to be pumped with a peristaltic pump. Oxygen flow was 

set using a mass flow controller and then it was mixed with the liquid feed 

via a PEEK T-mixer (IDEX, P-714, inner diameter 1 mm). The gas and the 

liquid feed were pumped into a 10 mL pre-reactor (PFA capillary tubing, 

1.59 mm I.D., equipped with two switching valves, see Figure S3.3) at 10 

mL min-1 and 2 mL min-1, respectively. When the loop was completely full, 

it was closed using the two switching valves and connected to a HPLC 

pump via a six-way valve (see Figure S3.4). Next, the inlet valve was 

opened, and the loop was pressurized. After pressurization, the outlet 
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valve was opened as well, to pump the reaction mixture into the packed-

bed reactor for the desired residence time (5-30 min). It was possible to 

add CH3CN through the six-way valve to elute the reaction mixture out. 

The collected volume was dried under reduced pressure and pyrazine (8 

mg, 0.1 mmol, external standard) was added. Finally, 1H-NMR analysis 

was performed. The scheme of the full flow set-up is shown in Figure S3.5. 

 

Figure S3.5 Schematic representation of the flow set-up. 

General experimental procedure for screening experiments 

Following the GP1 (see above), mpg-CNx (5 mg, 1.67 mg/mL), an oxidant 

(0.2 mmol, 1 equiv.), pyrazole (13.6 mg, 0.2 mmol, 1 equiv.) and 

mesitylene (1.2 mmol, 6 equiv.) were mixed in a solvent (3 mL). After 15 

h, the reaction crude was analyzed by 1H NMR using pyrazine as an 

external standard (0.1 mmol, 0.5 equiv., 8 mg). For a representative NMR 

spectrum, see Figure S3.6. 

 

Figure S3.6 Example of 1H NMR spectra for determining NMR yields. 
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3.4.4 Reproducibility investigation with different 
batches of mpg-CNx 

Heterogeneous catalysts are often plagued by poor reproducibility of the 

synthetic procedure, where some batches perform optimal and others 

much worse for a given transformation. To rule out inter-batch variability 

issues, we carried out three kinetic studies with three different catalyst 

batches (prepared on different days and on different scales).  

Following the GP1, the reactions between pyrazole (0.2 mmol, 13.6 mg) 

and mesitylene (6 equiv., 166.5 μL) with three different batches of mpg-

CNx were performed. Pyrazine was used as an internal standard (0.1 

mmol, 0.5 equiv., 8 mg). Aliquots (100 μL) of the reaction mixture were 

taken during 25 h and analyzed by 1H NMR, as shown in Figure S3.7.  

The reaction profiles with three different batches of mpg-CNx show a 

similar kinetic performance (within experimental error), which indicate 

that mpg-CNx is a robust photocatalyst and can be reliably synthesized 

without noticeable inter-batch variability. 

 

Figure S3.7. Stabilization test of three different batches of mpg-CNx. 
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3.4.5 Compound Characterization 

Mesityl-1H-pyrazole (1).12 The product was prepared 

following the general procedure GP1 (15 h reaction time) 

and was purified by flash column chromatography on silica 

gel (cyclohexane: ethyl acetate 98:2) to afford the product as 

a pale-yellow solid (89.3 mg, 80 %). m.p. (55-57 °C). 1H NMR (400 MHz, CDCl3) 

δ 7.73 (d, J = 1.8 Hz, 1H), 7.43 (d, J = 2.3 Hz, 1H), 6.94 (s, 2H), 6.44 (t, J = 2.1 Hz, 

1H), 2.33 (s, 3H), 1.96 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 140.0, 138.9, 136.9, 

136.0, 131.0, 128. 9, 105. 9, 21.2, 17.3. HRMS (ESI): m/z Calc. for C12H15N2 

[M+H]+ 187.1230; Found 187.1235. 

Mesityl-4-methyl-1H-pyrazole (2).11b The product was 

prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

98:2) to afford the product as a colourless oil (75.6 mg, 63 

%). 1H NMR (400 MHz, CDCl3) δ 7.53 (s, 1H), 7.19 (s, 1H), 6.92 (s, 2H), 2.32 (s, 

3H), 2.17 (s, 3H), 1.97 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 140.4, 138.7, 137.1, 

136.0, 129.8, 128.8, 116.3, 21.2, 17.4, 9.1. HRMS (ESI) m/z Calc. for C13H17N2 [M 

+ H]+ 201.1386; Found 201.1392. 

Mesityl-3,5-dimethyl-1H-pyrazole (3).9a The product 

was prepared following the general procedure GP1 (24 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

98:2) to afford the product as a colorless oil (64.3 mg, 50 %). 1H NMR (400 MHz, 

CDCl3) δ 6.91 (s, 2H), 5.95 (s, 1H), 2.31 (s, 3H), 2.28 (s, 3H), 1.96 (s, 3H), 1.92 (s, 

6H). 13C NMR (100 MHz, CDCl3) 148.6, 140.1, 138.6, 136.5, 135.4, 128.8, 104.5, 

21.2, 17.3, 13.8, 11.0. HRMS (ESI) m/z Calc. for C14H19N2 [M + H]+ 215.1543; 

Found 215.1548. 

1-Mesityl-3-phenyl-1H-pyrazole (4). The product was 

prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

98:2) to afford the product as a yellow oil (99.1 mg, 63 %). 1H NMR (400 MHz, 

CDCl3) δ 7.92 – 7.87 (m, 2H), 7.46 (d, J = 2.3 Hz, 1H), 7.44 – 7.38 (m, 2H), 7.34 – 

7.29 (m, 1H), 6.97 (s, 2H), 6.75 (d, J = 2.3 Hz, 1H), 2.34 (s, 3H), 2.05 (s, 6H). 13C 

NMR (100 MHz, CDCl3) δ 152.1, 139.0, 137.1, 136.0, 133.6, 132.5, 129.0, 128.7, 

127.8, 125.9, 103.2, 21.2, 17.5. HRMS (ESI) m/z Calc. for C18H19N2 [M + H]+ 

263.1543; Found 263.1548. 
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4-Chloro-1-mesityl-1H-pyrazole (5).34 The product was 

prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

98:2) to afford the product as a pale-yellow oil (107.0 mg, 

81 %). 1H NMR (400 MHz, CDCl3) δ 7.64 (s, 1H), 7.42 (s, 1H), 6.94 (s, 2H), 2.33 (s, 

3H), 1.99 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 139.4, 138.6, 136.6, 135.8, 129.0, 

128.9, 110.5, 21.2, 17.3. HRMS (ESI) m/z Calc. for C12H14ClN2 [M + H]+ 221.0840; 

Found 221.0846. 

4-Bromo-1-mesityl-1H-pyrazole (6).34b The product was 

prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

98:2) to afford the product as a colourless oil (123.6 mg, 

78 %). 1H NMR (400 MHz, CDCl3) δ 7.68 (s, 1H), 7.45 (s, 1H), 6.94 (s, 2H), 2.33 (s, 

3H), 1.98 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 140.7, 139.4, 136.5, 135.8, 131.1, 

129.0, 93.6, 21.2, 17.3. HRMS (ESI) m/z Calc. for C12H14BrN2 [M + H]+ 265.0335; 

Found 265.0340. 

Ethyl 1-mesityl-1H-pyrazole-4-carboxylate (7).34b 

The product was prepared following the general 

procedure GP1 (15 h reaction time) and was purified by 

flash column chromatography on silica gel (cyclohexane: 

ethyl acetate 99:1) to afford the product as a yellow oil 

(106.8 mg, 69 %). 1H NMR (400 MHz, CDCl3) δ 8.12 (s, 1H), 7.93 (s, 1H), 6.95 (s, 

2H), 4.33 (q, J = 7.1 Hz, 2H), 2.33 (s, 3H), 1.98 (s, 6H), 1.37 (t, J = 7.1 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 163.3, 141.7, 139.6, 136.2, 135.5, 134.6, 129.1, 115.7, 

60.4, 21.2, 17.3, 14.5. HRMS (ESI) m/z Calc. for C15H19N2O2 [M + H]+ 259.1441; 

Found 259.1447. 

1-Mesityl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1H-pyrazole (8). The 

product was prepared following the general 

procedure GP1 (15 h reaction time) and was 

purified by flash column chromatography on silica gel (cyclohexane: ethyl 

acetate 95:5) to afford the product as a colourless oil (71.1 mg, 38 %). 1H NMR 

(400 MHz, CDCl3) δ 7.99 (s, 1H), 7.70 (s, 1H), 6.93 (s, 2H), 2.32 (s, 3H), 1.96 (s, 

6H), 1.35 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 146.1, 138.9, 138.0, 136.6, 135.7, 

128.9, 83.5, 25.0, 21.2, 17.4. HRMS (ESI) m/z Calc. for C18H26BN2O2 [M + H]+ 

313.2082; Found 313.2091. 
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1-Mesityl-1H-1,2,3-triazole (9).34b The product was 

prepared following the general procedure GP1 (24 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

97:3) to afford the product as a a white solid (92.1 mg, 82 %). m.p. 177-179 °C. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J =0.9 Hz 1H), 7.62 (d, J = 1.0 Hz, 1H), 7.00 

(s, 2H), 2.36 (s, 3H), 1.95 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 140.1, 135.3, 133.8, 

133.6, 129.2, 125.5, 21.3, 17.4. HRMS (ESI) m/z Calc. for C11H14N3 [M + H]+ 

188.1182; Found 188.1177. 

1-Mesityl-1H-benzo[d][1,2,3]triazole (10).35 The 

product was prepared following the general procedure 

GP1 (24 h reaction time) and was purified by flash 

column chromatography on silica gel (Cyclohexane:Ethyl 

Acetate 99:1) to afford the product as a colourless oil (135.2 mg, 95 %). 1H NMR 

(400 MHz, CDCl3) δ 8.12 (d, J = 8.3 Hz, 1H), 7.46 – 7.41 (m, 1H), 7.40 – 7.35 (m, 

1H), 7.17 (d, J = 8.1 Hz, 1H), 7.03 (s, 2H), 2.36 (s, 3H), 1.83 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 145.4, 140.2, 136.1, 133.8, 131.6, 129.3, 128.0, 124.0, 120.0, 109.7, 

21.2, 17.3. HRMS (ESI) m/z Calc. for C15H16N3 [M + H]+ 238.1339; Found 

238.1344. 

2-Mesityl-5-phenyl-2H-tetrazole (11) and 1-mesityl-

5-phenyl-1H-tetrazole (11’). The compounds were 

prepared following the general procedure GP1 (24 h 

reaction time). Product 11 was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 98:2) to afford the 

product as a white solid (45.9 mg, 29 %). m.p. 91-93 °C. 1H NMR (400 MHz, CDCl3) 

8.26 (dd, J = 7.4, 1.9 Hz, 2H), 7.52 (d, J = 7.1 Hz, 3H), 7.04 (s, 2H), 2.39 (s, 3H), 2.02 

(s, 6H). 13C NMR (100 MHz, CDCl3) δ 165.2, 141.0, 135.2, 134.0, 130.6, 129.3, 

129.1, 127.5, 127.1, 21.4, 17.5. HRMS (ESI) m/z Calc. for C16H17N4 [M + H]+ 

265.1448; Found 246.1453. 

Product 11’ was purified by flash column chromatography on silica gel 

(cyclohexane: ethyl acetate 98:2) to afford the product as a pale-yellow oil (12.7 

mg, 8 %). 1H NMR (400 MHz, CDCl3) 7.61 – 7.57 (m, 2H), 7.49 – 7.43 (m, 1H), 7.39 

– 7.34 (m, 2H), 7.04 (s, 2H), 2.39 (s, 3H), 1.88 (s, 6H). 13C NMR (100 MHz, CDCl3) 

δ 154.0, 141.2, 135.3, 131.5, 130.9, 130.0, 129.3, 127.7, 123.8, 21.4, 17.6. HRMS 

(ESI) m/z Calc. for C16H17N4 [M + H]+ 265.1448; Found 246.1453. 
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Tert-butyl (tert-butoxycarbonyl)(9-mesityl-9H-purin-

6-yl)carbamate (12). The product was prepared following 

the general procedure GP1 (24 h reaction time) and was 

purified by flash column chromatography on silica gel 

(cyclohexane: ethyl acetate 90:10) to afford the product as 

a colourless oil (81.6 mg, 30 %). 1H NMR (400 MHz, CDCl3) 

δ 8.82 (s, 1H), 8.03 (s, 1H), 7.04 (s, 2H), 2.35 (s, 3H), 1.91 (s, 

6H), 1.44 (s, 18H). 13C NMR (100 MHz, CDCl3) 153.6, 152.9, 150.8, 150.3, 145.1, 

140.3, 135.8, 129.7, 129.1, 128.4, 83.8, 27.8, 21.2, 17.7. HRMS (ESI) m/z Calc. for 

C24H32N5O4 [M + H]+ 454.2449; Found 454.2454. 

6-Chloro-9-mesityl-9H-purine (13). The product was 

prepared following the general procedure GP1 (24 h reaction 

time) and was purified by flash column chromatography on 

silica gel (cyclohexane: ethyl acetate 91:9) to afford the 

product as a white solid (63.7 mg, 39 %). m.p. 143-145 °C. 1H 

NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.11 (s, 1H), 7.05 (s, 2H), 

2.36 (s, 3H), 1.93 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 152.8, 

152.1, 151.7, 145.8, 140.6, 135.7, 131.3, 129.8, 128.9, 21.2, 17.8. HRMS (ESI) m/z 

Calc. for C14H14ClN4 [M + H]+ 273.0902; Found 273.0907. 

N-(9-mesityl-9H-purin-6-yl) benzamide (14). The 

product was prepared following the general procedure GP1 

(24 h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 

40:60) to afford the product as a white solid (47.1 mg, 22 %). 

m.p. 203-205 °C. 1H NMR (400 MHz, CDCl3) δ 9.34 (brs, 1H), 

8.74 (s, 1H), 8.06 (d, J = 7.4 Hz, 2H), 7.98 (s, 1H), 7.62 – 7.57 

(m, 1H), 7.54 – 7.48 (m, 2H), 7.05 (s, 2H), 2.36 (s, 3H), 1.95 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 164.9, 153.4, 152.5, 150.0, 143.5, 140.3, 135.9, 133.8, 132.9, 129.7, 

129.2, 128.9, 128.0, 122.8, 21.2, 17.8. HRMS (ESI) m/z Calc. for C21H20N4O [M + 

H]+ 358.1662; Found 358.1668. 

 

 

(1S,3bR,5aS,10aS,10bS,12aS)-8-

mesityl-1,10a,12a-trimethyl-

1,2,3,3a,3b,4,5,5a,6,8,10,10a,10b,11,12,12a-hexadecahydrocyclopenta 

[5,6] naphtho[1,2-f]indazol-1-ol (15). The product was prepared following 

the general procedure GP1 (40 h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 80:20) to afford the 

product as a yellow solid (80.3 mg, 30 %). m.p. 188-190 °C. 1H NMR (400 MHz, 
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CDCl3) δ 7.06 (s, 1H), 6.90 (s, 2H), 2.69 (dd, J = 16.0, 5.7 Hz, 2H), 2.41 – 2.32 (m, 

1H), 2.30 (s, 3H), 2.22 – 2.16 (m, 1H), 1.97 (s, 6H), 1.83 – 1.73 (m, 3H), 1.68 – 1.59 

(m, 4H), 1.56 – 1.51 (m, 1H), 1.49 – 1.38 (m, 2H), 1.37 – 1.21 (m, 7H), 1.00 – 0.84 

(m, 5H), 0.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 148.5, 138.3, 137.5, 136.1, 

128.7, 128.5, 115.5, 81.9, 54.1, 50.8, 45.5, 42.8, 39.1, 36.9, 36.6, 35.1, 31.8, 31.7, 

29.6, 27.8, 25.9, 23.5, 21.2, 21.0, 17.4, 14.0, 11.7. HRMS (ESI) m/z Calc. for 

C30H43N2O [M + H]+ 447.3370; Found 447.3375. 

1-(2,4,6-Triethylphenyl)-1H-pyrazole (16).10a The 

product was prepared following the general procedure GP1 

(15 h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 99:1) 

to afford the product as a colourless oil (117.7 mg, 86 %). 1H NMR (400 MHz, 

CDCl3) δ 7.71 (d, J = 1.4 Hz, 1H), 7.45 (d, J = 1.9 Hz, 1H), 7.00 (s, 2H), 6.42 (t, J = 

2.1 Hz, 1H), 2.67 (q, J = 7.6 Hz, 2H), 2.31 – 2.17 (m, 4H), 1.27 (t, J = 7.6 Hz, 3H), 

1.07 (t, J = 7.6 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 145.6, 142.1, 139.8, 136.1, 

131.7, 126.1, 105.7, 28.9, 24.4, 15.7, 15.5. HRMS (ESI) m/z Calc. for C15H21N2 [M 

+ H]+ 229.1699; Found 229.1694. 

1-(2,5-Dimethylphenyl)-1H-pyrazole (17).10a The product 

was prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column chromatography 

on silica gel (cyclohexane: ethyl acetate 98:2) to afford the 

product as a colourless oil (36.1 mg, 35 %). 1H NMR (400 MHz, 

CDCl3) δ 7.71 (d, J = 1.9 Hz, 1H), 7.59 (d, J = 2.4 Hz, 1H), 7.21 – 7.15 (m, 2H), 7.12 

(dd, J = 7.8, 1.8 Hz, 1H), 6.43 (t, J = 2.1 Hz, 1H), 2.35 (s, 3H), 2.20 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 140.2, 139.8, 136.5, 131.1, 130.5, 130.3, 129.1, 126.8, 106.1, 

20.8, 17.7. HRMS (ESI) m/z Calc. for C11H13N2 [M + H]+ 173.1073; Found 

173.1079.  

1-(2,4-Dimethylphenyl)-1H-pyrazole (18) and 1-(2,6-

dimethylphenyl)-1H-pyrazole (18’).10a The product was 

prepared following the general procedure GP1 (15 h reaction 

time) and was purified by flash column chromatography on 

silica gel (cyclohexane: ethyl acetate 99:1) to afford the product as a colourless 

oil (97.1 mg, 94 %). The major (18): minor (18’) ratio of the inseparable mixture 

was 11:1 as determined by 1H NMR of the isolated product. 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.6 Hz, 1Hminor), 7.70 (d, J = 1.9 Hz, 1Hmajor), 

7.56 (d, J = 2.0 Hz, 1Hmajor), 7.45 (d, J = 2.0 Hz, 1Hminor), 7.25 – 7.22 (m, 1Hminor), 

7.20 (d, J = 7.9 Hz, 1Hmajor), 7.14 (s, 1Hminor), 7.13 – 7.11(m, 1Hmajor), 7.09 – 7.05 

(m, 2H), 6.45 (t, J = 2.1 Hz, 1Hminor), 6.42 (t, J = 2.1 Hz, 1Hmajor), 2.37 (s, 3Hmajor), 

2.19 (s, 3Hmajor) 2.01 (s, 6Hminor). 13C NMR (100 MHz, CDCl3) δ 140.2, 140.1, 138.3, 
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137.7, 136.3, 133.5, 131.9, 130.8, 130.6, 129.0, 128.2, 127.2, 126.1, 106.1, 105.9, 

21.1, 18.0, 17.3. HRMS (ESI) m/z Calc. for C11H13N2 [M + H]+ 173.1073; Found 

173.1068. 

1-([1,1'-Biphenyl]-4-yl)-1H-pyrazole (19).10a The product 

was prepared following the general procedure GP1 (24 h 

reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 95:5) 

to afford the product as a white solid (58.1 mg, 44 %). m.p. 129-131 °C. 1H NMR 

(400 MHz, CDCl3) δ 7.97 (d, J = 2.5 Hz, 1H), 7.82 – 7.74 (m, 3H), 7.72 – 7.67 (m, 

2H), 7.65 – 7.60 (m, 2H), 7.50 – 7.44 (m, 2H), 7.41 – 7.34 (m, 1H), 6.50 (t, J = 2.1 

Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 141.3, 140.2, 139.5, 139.4, 129.0, 128.1, 

127.6, 127.1, 126.8, 119.5, 107.8. HRMS (ESI) m/z Calc. for C15H13N2 [M + H]+ 

221.1073; Found 221.1076. 

1-(Naphthalen-1-yl)-1H-pyrazole (20).36 The product was 

prepared following the general procedure GP1 (15 h reaction time) 

and was purified by flash column chromatography on silica gel 

(cyclohexane: ethyl acetate 96:4) to afford the product as a yellow 

oil (64.0 mg, 55 %). 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.90 (m, 2H), 

7.87 (d, J = 1.9 Hz, 1H), 7.86 – 7.83 (m, 1H), 7.80 (d, J = 2.3 Hz, 1H), 7.58 – 7.49 

(m, 4H), 6.55 (t, J = 2.1 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 141.0, 137.5, 134.5, 

131.8, 129.3, 129.1, 128.2, 127.3, 126.8, 125.2, 123.4, 123.3, 106.6. HRMS (ESI) 

m/z Calc. for C13H11N2 [M + H]+ 195.0917; Found 195.0922. 

1-(9,9-Dimethyl-9H-fluoren-3-yl)-1H-pyrazole 

(21).10a The product was prepared following the general 

procedure GP1 (24 h reaction time) and was purified by 

flash column chromatography on silica gel (cyclohexane: 

ethyl acetate 70:30) to afford the product as a yellow oil 

(39.0 mg, 25 %). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 

2.8 Hz, 1H), 7.84 (d, J = 1.9 Hz, 1H), 7.77 (dd, J = 4.8, 3.3 Hz, 2H), 7.73 (dd, J = 6.2, 

1.8 Hz, 1H), 7.62 (dd, J = 8.2, 2.1 Hz, 1H), 7.46 (dd, J = 6.9, 1.2 Hz, 1H), 7.39 – 7.31 

(m, 2H), 6.50 (m, 1H), 1.55 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 155.3, 153.9, 

141.1, 139.6, 138.4, 137.8, 127.5, 127.3, 127.1, 122.8, 120.8, 120.1, 118.2, 114.4, 

107.7, 47.3, 27.2, 27.0. HRMS (ESI) m/z Calc. for C18H17N2 [M + H]+ 261.1386; 

Found 261.1392. 

4-Methoxy-3-(1H-pyrazol-1-yl)phenol (22).9d The product 

was prepared following the general procedure GP1 (15 h 

reaction time) and was purified by flash column chromatography 

on silica gel (cyclohexane: ethyl acetate 97:3) to afford the 

product as a colourless oil (86.7 mg, 76 %). 1H NMR (400 MHz, 
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CDCl3) δ 7.95 (d, J = 2.5 Hz, 1H), 7.71 (d, J = 1.8 Hz, 1H), 7.02 (d, J = 8.9 Hz, 1H), 

6.91 (d, J = 2.9 Hz, 1H), 6.75 (dd, J = 8.9, 2.9 Hz, 1H), 6.47 (t, J = 2.2 Hz, 1H), 3.78 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 152.7, 143.2, 139.1, 126.9, 124.8, 119.3, 

112.8, 106.9, 104.4, 56.0. HRMS (ESI) m/z Calc. for C10H11N2O2 [M + H]+ 

191.0815; Found 191.0821. 

Methyl 4-methoxy-3-(1H-pyrazol-1-yl)benzoate (23).9a The 

product was prepared following the general procedure GP1 (15 h reaction time) 

and was purified by flash column chromatography on silica gel (Cyclohexane: 

Ethyl Acetate 90:10) to afford the product as a pale-yellow oil (65.4 mg, 47 %). 
1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 2.2 Hz, 1H), 8.02 – 7.98 (m, 2H), 7.72 (d, 

J = 1.8, 0.6 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 6.43 (t, J = 2.5, 1.8 Hz, 1H), 3.93 (s, 3H), 

3.88 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 166.2, 154.9, 140.5, 131.6, 130.0, 129.5, 

126.8, 123.3, 111.8, 106.6, 56.3, 52.1. HRMS (ESI) m/z Calc. for C12H13N2O3 [M + 

H]+ 233.0921; Found 233.0926. 

1-(2-Methoxynaphthalen-1-yl)-1H-pyrazole (24).37 The 

product was prepared following the general procedure GP1 

(24 h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 93:7) 

to afford the product as a yellow oil (65.4 mg, 55 %). 1H NMR 

(400 MHz, CDCl3) δ 7.85 (d, J = 9.1 Hz, 1H), 7.80 (d, J = 1.8 Hz, 1H), 7.74 (d, J = 7.6 

Hz, 1H), 7.58 (d, J = 2.3 Hz, 1H), 7.37 – 7.32 (m, 1H), 7.32 – 7.25 (m, 2H), 7.18 (d, 

J = 8.3 Hz, 1H), 6.47 (t, J = 2.1 Hz, 1H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

152.6, 140.5, 133.0, 132.2, 130.7, 128.8, 127.8, 127.7, 124.4, 123.1, 122.1, 113.6, 

106.0, 56.8. HRMS (ESI) m/z Calc. for C14H13N2O [M + H]+ 225.1022; Found 

225.1028. 

6-Methoxy-5-(1H-pyrazol-1-yl)quinoline (25).12 The 

product was prepared following the general procedure GP1 

(40 h reaction time) and was purified by flash column 

chromatography on silica gel (Cyclohexane:Ethyl Acetate 

50:50) to afford the product as a yellow oil (35.2 mg, 26 %). 
1H NMR (400 MHz, CDCl3) δ 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.22 (d, J = 9.4 Hz, 1H), 

7.87 – 7.84 (m, 1H), 7.72 – 7.67 (m, 2H), 7.59 (d, J = 9.4 Hz, 1H), 7.34 (dd, J = 8.6, 

4.1 Hz, 1H), 6.55 (t, J = 2.1 Hz, 1H), 3.91 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

152.5, 149.0, 143.4, 140.9, 133.2, 132.1, 131.1, 127.4, 122.6, 122.4, 116.7, 106.4, 

57.0. HRMS (ESI) m/z Calc. for C13H12N3O [M + H]+ 226.0975; Found 226.0974. 
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3-(1H-pyrazol-1-yl)imidazo[1,2-b]pyridazine (26).38 The 

product was prepared following the general procedure GP1 (24 

h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl acetate 70:30) 

to afford the product as a brown solid (40.0 mg, 36 %). m.p. 86-

88 °C. 1H NMR (400 MHz, DMSO-d6) 1H NMR (400 MHz, DMSO-d6) δ 8.61 (dd, J = 

4.4, 1.5 Hz, 1H), 8.33 (d, J = 2.5 Hz, 1H), 8.25 (dd, J = 9.3, 1.6 Hz, 1H), 8.05 (s, 1H), 

7.86 (d, J = 1.8 Hz, 1H), 7.35 (dd, J = 9.3, 4.4 Hz, 1H), 6.62 (t, J = 2.2 Hz, 1H).13C 

NMR (100 MHz, DMSO-d6) δ 144.6, 141.7, 136.9, 132.7, 127.6, 126.4, 126.2, 118.2, 

107.3. HRMS (ESI) m/z Calc. for C9H8N5 [M + H]+ 186.0774; Found 186.0780. 

6-(1H-pyrazol-1-yl)chroman-2-one (27).10a The 

product was prepared following the general procedure 

GP1 (40 h reaction time) and was purified by flash 

column chromatography on silica gel (Cyclohexane: Ethyl 

Acetate 81:19) to afford the product as a yellow oil (32.1 mg, 25 %). 1H NMR 

(400 MHz, CDCl3) δ 7.87 (d, J = 2.3 Hz, 1H), 7.71 (d, J = 1.5 Hz, 1H), 7.61 (d, J = 2.5 

Hz, 1H), 7.51 (dd, J = 8.7, 2.6 Hz, 1H), 7.12 (d, J = 8.7 Hz, 1H), 6.47 (m, 1H), 3.10 – 

3.03 (m, 2H), 2.85 – 2.78 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 168.1, 

150.4, 141.3, 136.8, 126.9, 124.0, 119.3, 119.0, 117.9, 107.9, 29.1, 24.0. HRMS 

(ESI) m/z Calc. for C12H11N2O2 [M + H]+ 215.0815; Found 215.0821. 

Ethyl 2-(4-chloro-2-(1H-pyrazol-1-yl)phenoxy)-

2-methyl-propanoate (28).13 The product was 

prepared following the general procedure GP1 (40 

h reaction time) and was purified by flash column 

chromatography on silica gel (cyclohexane: ethyl 

acetate 95:5) to afford the product as a colourless oil (20.3 mg, 11 %). 1H NMR 

(400 MHz, CDCl3) δ 8.13 (d, J = 2.5Hz, 1H), 7.79 (d, J = 2.6 Hz, 1H), 7.69 (d, J = 1.8 

Hz, 1H), 7.15 (dd, J = 8.8, 2.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.42 (t, J = 2.5 Hz, 

1H), 4.23 (q, J = 7.1 Hz, 2H), 1.43 (s, 6H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 173.5, 145.6, 140.7, 134.2, 132.0, 128.7, 127.2, 125.5, 121.6, 106.8, 

81.7, 61.8, 25.0, 14.2. HRMS (ESI) m/z Calc. for C15H17ClN2O3 [M + H]+ 309.1000; 

Found 309.1006. 

N-(1-(2,6-dimethyl-3-(1H-pyrazol-1-

yl)phenoxy)propan-2-yl)acetamide (29). The 

product was prepared following the general 

procedure GP1 (40 h reaction time) and was 

purified by flash column chromatography on silica gel (Cyclohexane: Ethyl 

Acetate 80:20) to afford the product as a colourless oil (37.9 mg, 22 %). 1H NMR 

(400 MHz, CDCl3) δ 7.71 (d, J = 2.2 Hz, 1H), 7.55 (d, J = 2.1 Hz, 1H), 7.09 (d, J = 8.1 

Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.43 (t, J = 2.1 Hz, 1H), 5.84 (brs,, 1H), 4.46 – 4.30 
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(m, 1H), 3.84 (dd, J = 9.1, 4.1 Hz, 1H), 3.76 (dd, J = 9.1, 3.3 Hz, 1H), 2.32 (s, 3H), 

2.09 (s, 3H), 2.02 (s, 3H), 1.41 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

169.6, 155.6, 140.3, 139.3, 131.6, 130.9, 128.7, 127.8, 122.3, 106.3, 74.4, 45.5, 

23.6, 17.9, 16.4, 11.6. HRMS (ESI) m/z Calc. for C16H22N3O2 [M + H]+ 288.1707; 

Found 288.1712. 

5-((3,5-Dimethyl-4-(1H-pyrazol-1-

yl)phenoxy)methyl)oxazolidin-2-one (30)  

and 5-((3,5-dimethyl-2-(1H-pyrazol-1-

yl)phenoxy)methyl)oxazolidin-2-one (30’) 13 

The molecule was prepared following the general procedure GP1 (15 h reaction 

time). The product 30 was purified by flash column chromatography on silica gel 

(cyclohexane: ethyl acetate 75:25) to afford the product as a white solid (88.4 

mg, 51 %). m.p. 185-187 °C. 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 1.9 Hz, 1H), 

7.41 (d, J = 2.3 Hz, 1H), 6.67 (s, 2H), 6.43 (t, J = 2.1 Hz, 1H), 5.97 (brs, 1H), 5.01 – 

4.93 (m, 1H), 4.15 (d, J = 4.8 Hz, 2H), 3.77 (t, J = 8.8 Hz, 1H), 3.62 – 3.57 (m, 1H), 

1.96 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 159.5, 158.0, 140.2, 138.0, 133.5, 131.2, 

113.9, 106.0, 74.2, 68.2, 42.8, 17.7. HRMS (ESI) m/z Calc. for C15H18N3O3 [M + H]+ 

228.1343; Found 228.1348. 

The product 30’ was purified by flash column chromatography on silica gel 

(cyclohexane: ethyl acetate 25:75) to afford the product as a white solid (63.2 

mg, 37 %). m.p. 138-140 °C. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 1.8 Hz, 1H), 

7.48 (d, J = 2.3 Hz, 1H), 6.78 (s, 1H), 6.65 (s, 1H), 6.42 (t, J = 2.1 Hz, 1H), 5.06 (brs, 

1H), 4.79 – 4.69 (m, 1H), 4.10 (dd, J = 10.3, 4.6 Hz, 1H), 3.97 (dd, J = 10.2, 3.6 Hz, 

1H), 3.47 (t, J = 8.8 Hz, 1H), 3.31 – 3.23 (m, 1H), 2.36 (s, 3H), 2.04 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 159.0, 153.9, 140.2, 140.0, 137.7, 132.3, 127.5, 124.6, 

112.2, 105.8, 74.0, 69.1, 42.1, 21.7, 17.3. HRMS (ESI) m/z Calc. for C15H18N3O3 [M 

+ H]+ 228.1343; Found 228.1348. 

3.5 Associated content 

Further experimental details are available as Supporting Information 

published on the ChemSusChem website with DOI: 

10.1002/cssc.202101767. 
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