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Abstract 

 A series of pyrazolo[5,1-a]isoquinolines have been synthesized by ruthenium(II)-catalyzed 

annulation of pyrazole derivatives with alkynes in the presence of Cu(OAc)2.H2O and AgSbF6 

producing pyrazolo[5,1-a]isoquinolines. The reaction proceeded efficiently in water under nitrogen 

atmosphere leading to an excellent yield of the products. This annulation process can also be 

performed in alcohol at a lower temperature without Cu(OAc)2.H2O and silver salt but in the 

presence of a carboxylate ligand under air. The compounds were characterized based on 

spectroscopic data and the crystal structure of one of the representative compound, pyrazolo[5,1-

a]isoquinoline derivative has been determined by single-crystal X-ray crystallography.. 

Keywords: Regioselective,  C-H/N-H annulation , One-pot synthesis , Homogeneous catalysis, 

NMR spectroscopy , X-Ray structure determination. 
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Introduction 

Heterocyclic compounds containing a pyrazole ring exhibit various biological properties such 

as antagonists [1], anti-hyperglycemic [2], anti-inflammatory [3], antipyretics [4] and anti-

hypertension [5-6]. Specifically, functionalized pyrazolo [5,1-a]isoquinolines [7] and pyrazolo[1,5-

a]pyridine [8] moieties constitute a crucial structure unit of several biologically active compounds 

and pharmacophores. It is well-known that compounds with pyrazolo[1,5-a]pyridine moiety 

exhibited potent p38 kinase inhibition [9], antiviral activity against HSV-1 and HSV-2 [10] (HSV = 

Herpes Simplex Virus) and also they are promising agent for melatonin receptor (MT1/MT2) ligands 

[11]. Further, a significant enhancement of bioactivity was noticed as a result of pyrazole ring fusion 

with other heterocycles such as pyrazolopyrimidines [12], pyrazolopyridines [13] and 

pyrazolopiperidines [14]. The pyrazolo[5,1-a]isoquinolenes are class of pyrazole compounds that 

contained both the pyrazolo skeleton and isoquinoline. They exhibited biological properties 

including dopamine D4 receptor antagonist [15], CDC25B inhibitor [7], phosphodiesterease 10A 

inhibitors [16], and CB1 receptor antagonist [17] (Figure 1).  

Figure 1. Representative examples of pyrazolo[5,1-a] isoquinolines with their bioactivities. 

 

Owing to their promising bioactivity, synthesis of pyrazolo[5,1-a]isoquinolenes and their 

derivatives have been a subject to considerable interest [18]. In 2013, Yang et al. [19] reported a 

copper-catalyzed synthesis of pyrazolo[5,1-a]isoquinolene by the annulation of brominated pyrazole 

with an alkyne. Very recently, Wen et al. [20] described another copper-catalysed synthesis of 
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pyrazolo[5,1-a]isoquinolenes through the annulation of a brominated pyrazole amine derivative with 

an activated acetonitrile in the presence of heterocyclic ketene aminals as ligand. Ackerman and Li 

described the synthesis of pyrazolo[5,1-a]isoquinolenes by oxidative coupling in the presence of Ru 

[21] and Rh-catalysts [22], respectively. However, most of these syntheses were carried out in 

organic solvents at high temperature (Figure 2). It is noteworthy that the synthesis of heterocycles via 

ruthenium-catalyzed intermolecular [23-27] and intramolecular [28-30] C-H bond activation is an 

attractive for a ready access to diverse heterocycles.  
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              Figure 2. Overview for the synthesis of pyrazolo[5,1-a]-ioquinolines 

 

 Excellent Yield 

 Low temperature 

 No silver salts 

 Free of chemical oxidant 

 Excellent yield 

 Water is used as solvent 

 Product formed 

Regioselectively with 

unsymmetrical alkyne 

 

The stable ruthenium(II) complexes allowed various C-H bond functionalization reactions 

leading to heteroarenes to operate in water is cheap and non-toxic is attractive approach [31-33]. 

Although annulation of pyrazoe derivatives with alkynes has been reported by several groups in 
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organic solvents [21, 22], to the best of our knowledge the reaction is not explored yet in water. 

Recently, we reported an efficient synthesis of isocoumarins via the annulation of carboxylic acids 

and alkynes in water through ruthenium(II)-catalysed C-H/O-H bond cleavage reaction [34]. In the 

continuation of our studies on ruthenium-catalyzed heterocyclic synthesis, herein, we investigated 

the ruthenium(II)-catalysed synthesis of pyrazolo[1,5-a]isoquinolenes by the annulation of 

substituted pyrazoles and alkynes in the presence of Cu(OAc)2.H2O and AgSbF6 in water. It is 

noteworthy that in the recent past, C-H bond functionalization with ruthenium-catalyst has been paid 

considerable attention to the use of molecular oxygen as an oxidant [35-37]. Because of this growing 

interest, the annulation of (1) and (2) with alkynes have also been attempted under silver salt and 

Cu(OAc)2.H2O free condition in methanol at a lower temperature say 60 °C under oxygen (Figure 2). 

Results and Discussion 

The ruthenium(II)-catalysed annulation of substituted pyrazoles (1 or 2) and alkynes (3)  involving a 

C-H/N-H bond cleavage reaction has been investigated in the presence of an oxidant and an additive 

leading to a series of pyrazolo[5,1-a]isoquinolenes (4 or 5) (Scheme 1).   

Scheme 1. Reaction pathway for the synthesis of pyrazolo[5,1-a]isoquinolenes in water. 

 

 

 

To obtain an optimized reaction condition, several reactions were carried out under various reaction 

parameters. Initially, the reaction was performed using 3-methyl-5-phenyl-1H-pyrazole (1) (0.5 

mmol), diphenylacetylene (1.1 equiv.),  [(p-cymene)RuCl2]2 (10 mol%), Cu(OAc)2.H2O (1.2 equiv.) 

and KPF6 (40 mol%) in water which gave the desired product, 2-methyl-5,6-diphenylpyrazolo[5,1-

a]isoquinoline (4a) in 61% (Table S1, entry 1).  

The annulation reaction was performed at 100 C, a temperature normally employed in most 

of the catalytic reaction performed in water [31, 33]. The reaction efficacy was increased 

dramatically when AgSbF6 was used as an additive instead of KPF6, affording the product, 

pyrazolo[5,1-a]isoquinoline (4a) in 81% yield (Table S1, entry 2). The reaction conducted 
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employing other additives such as KOAc and AgOTf gave 53% and 63% of (4a), respectively (Table 

S1 entries 3 & 4). This indicates that the annulation undergoes favorably by the participation of a 

silver salt under the specified condition. However, a decreased in the catalyst loading from 10 to 5 

mol% resulted in a lower yield of 4a (Table S1 entries 5 & 6).  When the reaction was performed 

without an additive resulted in a very low yield of (4a) (Table S1, entries 7-9). Notably, the reaction 

performed with 0.5 equiv. of Cu(OAc)2.H2O or a shorter reaction time say 7 h, gave only 28% and 

25% of 4a, respectively (Table S1 entries 10 and 11). Further, the efficacy of the reaction was 

evaluated in other solvents such as dimethylformamide (DMF) and 1,2-dichloroethane (DCE) which 

gave 41% and 25% of (4a), respectively (Table S1, entries 12 & 13).  

The annulation reaction of pyrazole (1) and diphenyl acetylene (3a) performed with other 

ruthenium catalysts such as [(p-cymene)Ru(quinto)Cl] and [(p-cymene)Ru(PySO3)Cl] gave the 

desired product (4a) in 25 and 21%, respectively (Table S1 entries 14 & 15). It is noteworthy that 

most of the C-H/N-H annulation reactions normally employed electron rich alkynes, to understand 

the scope of the alkynes in this reaction, we have screened this C-H/N-H annulation reaction with 

terminal alkyne viz. phenylacetylene but unfortunately, no reaction occurred. On the other hand 

reaction using electron deficient alkynes such as dimethylacetylene dicarboxylate and 

diethylacetylene dicarboxyate produced no desired C-H/N-H annulation product, pyrazolo[5,1-

a]isoquinoline. It is notable that the transition metal-catalyzed C-H/N-H or C-H/O-H annulation 

reaction exclusively employed electron rich alkynes [21-22, 34]. Earlier Zhou et al. reported the 

synthesis of pyrazolo[5,1-a]isoquinoline employing dimethylacetylene dicarboxylate via silver 

triflate-catalyzed reaction involving [3+2] cycloadditon  [38]. Further, it is notable that annulation of 

pyrazoles with terminal alkyne such as phenyl acetylene proceeds only with a pre-functionalized 

brominated pyrazole such as 3-(2-bromophenyl)pyrazoles [19].  

The annulation reaction in the presence of silver salt in water might proceeded via the 

formation of cationic ruthenium species [Ru(OAc)(p-cymene)]+ (intermediate A) [39]. It is expected 

that the deprotonation of the substrate by acetate results in the formation of a five-membered 

organoruthenacyclic intermediate (intermediate B) which undergoes addition of an alkyne to give 

intermediate C followed by reductive elimination gave the product (4 or 5) and regenerate the 

cationic ruthenium species (Scheme 2). The oxidant, Cu(OAc)2.H2O played a duel role, it not only 

oxidize the ruthenium(0) species formed to the active ruthenium(II) catalyst but also provides acetate 

in the catalytic process [34]. 
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Scheme 2. The proposed reaction mechanism for the annulation of 1 or 2 with alkynes in water. 

 

 
 

The annulation reaction has been attempted at room temperature in methanol in the presence 

of an additive such as AgSbF6, BTA, AgOTf at room temperature which gave 45%, 49% and 70% of 

4a, respectively (Table S1, entries 16-19).  Interestingly, reaction performed with 5 mol% of catalyst 

and 20 mol% of AgOTf in MeOH gave a fairly good yield, 53% of 4a (Table S1, entry 19). To 

understand the effect of additive, we have performed the reaction without AgSbF6 in methanol and 

ethanol affording a good yield of the desired product (4a) (Table S1, entries 20 & 21). We then 

evaluated the reaction without chemical oxidant, Cu(OAc)2.H2O and additive, AgSbF6 but in the 

presence of a carboxylate ligand, DMB (2,4-dimethylbenzoic acid)  under an oxygen atmosphere at 

60 °C for 24h which gave the desired product (4a) in 72 % yield (Table S1, entry 22). However, the 

reaction was un-reactive in the absence [(p-cymene)RuCl2]2 (Table S1 entry 23), indicating the 

presence of ruthenium-catalyst is essential in this reaction.  

The optimization study clearly showed that, the presence of silver salt boosts the reaction 

only when performed in water but not essential for the reaction conducted in methanol. For 

instances, annulation reaction of 1 with diphenylacetylene with or without AgOTf gave comparable 

yields, indicating AgOTf is not essential for the reaction efficacy (Table S1, entries 18-20).  In the 

case of reaction performed in methanol in the absence of silver salt, the reaction might proceed 

slightly different pathway from that of in water i.e. probably without the formation of cationic 
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ruthenium species rather than through a neutral ruthenium species, say [(p-cymene)Ru(OAc)2] as 

proposed for carboxylate assisted pathway [36]. Since the reaction is free of silver salt and 

Cu(OAc)2.H2O the active catalyst could be the ruthenium-carboxylate intermediate formed with 

DMB, [(p-cymene)Ru(DMB)2].  However, in both the cases whether in water or MeOH, the reaction 

is expected to proceed through carboxylate assisted pathways either via cationic [(p-

cymene)Ru(OAc)]+ or [(p-cymene)Ru(DMB)2] intermediates, respectively.  

 From the above reaction screening under various parameters, we found that the best result 

was obtained when 3-methyl-5-phenyl-1H-pyrazole, (1) (0.5 mmol), diphenylacetylene (1 mmol), 

ruthenium-catalyst (10 mol%), AgSbF6 (40 mol%) and Cu(OAc)2.H2O (2 equiv.) were reacted in 

water under nitrogen at 100 °C for 24 h. On the other hand, the optimized condition for the 

annulation of pyrazole and alkyne conducted in methanol in the presence of carboxylic acid ligand 

was obtained when the reaction was performed using 3-methyl-5-phenyl-1H-pyrazole (0.5 mmol), 

diphenylacetylene (1 mmol), catalyst (10 mol%), and DMB (1.1 equiv.) in methanol stirring at 60 °C 

for 24h. 

 The compound 4a was characterized by FTIR, 1H, 13C-NMR, and ESI-MS mass spectral data 

and the crystal structure of compound 4a has been determined by a single-crystal X-ray diffraction 

(Figure 3). The compound crystallizes in triclinic crystal system and P-1 space group with final R = 

0.041 (see supporting information for details crystallography and data collection parameters). 

Figure 3. Crystal structure of 4a with thermal ellipsoid at 50% probability. 

 

During the course of our work, Ackerman and Algarra reported related chemistry using Ru [21] and 

Rh/Ru catalysts [40]. Ackermann's research group performed the annulation of a pyrazole derivative 

namely, 5-(4-nitrophenyl)-1H-pyrazole and diphenylacetylene with a ruthenium(II)-catalyst in the 
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presence of Cu(OAc)2.H2O and  AgSbF6 in 1,2-dichloroethane (DCE) which gave the desired 

products in 77%. However, the reaction was not productive when performed in water, affording only 

13% of the desired product [21]. Whereas, Algarra et al. [40] performed the reaction of pyrazole ring 

substituted derivatives and alkynes with both Rh(III) or Ru(II) in the presence of AgPF6 either in 

DCE or tAmOH to give the desired products.  They found that [Rh(MeCN)3Cp*]PF6 to be much 

better catalyst than  that of [RhCl2Cp*]2 as the former catalyst and can complete the reaction in just 

1h at 83 C. Further, the reaction proceeded with [RuCl2(p-cymene)]2 under harsher condition than 

rhodium-catalysts. The reaction was performed much higher temperature say at 120 C in tAmOH 

giving 65% of the desired product with octyne but produced only 14%  of the product when used  

diphenylacetylene even in the presence of AgPF6 [40].  

 In this study, we observed that pyrazole ring substituted derivative, namely, 3-methyl-5-

phenyl-1H-pyrazole (1) undergo annulation efficiently with diphenylacetylene in water to give 

excellent yield (81%) of desired product 4a, in contrast, only 41% and 25% of 4a were obtained 

when the reaction was performed in DMF and DCE, respectively (Table S1 entries 2, 12 & 13). This 

result showed that water is the solvent of choice and could be used for the annulation of pyrazole 

ring-substituted derivative, namely, 3-methyl-5-phenyl-1H-pyrazole (1) with diphenyl acetylene (3a) 

and it was more productive than in DCE or DMF (Table S1, entries 2, 12 &13). It is notable that the 

annulation reaction of pyrazole (1) and diphenyl acetylene (3a) in organic solvent is less productive 

than in water under the specified condition. For instances, Algarra et al. [40] obtained only 14% of 

(4a) in the reaction of (1) with diphenyl acetylene with ruthenium catalyst, [RuCl2(p-cymene)]2 in 

tAmOH. Further, they found that the reaction proceeded less efficiently with the formation of site 

product in the absence of silver salt. 

 We have performed annulation of (1) with several alkynes in water under the optimized reaction 

condition to give various pyrazolo[5,1-a]isoquinolenes (Scheme 1, Table 1). The annulation of (1) 

with 4-octyne and 3-hexyne in water gave pyrazolo[5,1-a]isoquinolenes (4c) and (4d) in excellent 

yields of 82 and 85%, respectively (Table 2 entries 4 and 5). Analogously, annulation of (2) with 

diphenylacetylene, 4-octyne, and 3-hexyne afforded the products (5a), (5c), and (5d) in 70, 72, and 

82% yields, respectively (Table 1 entries 5, 7, 8). The reaction proceeded in a regioselective manner 

when either 1 or 2 reacted with unsymmetrical alkyne such as 1-phenyl-1-propyne. Thus, the 

annulation of 1-phenyl-1-propyne and 3-methyl-5-phenyl-1H-pyrazole (1) gave (4ba) and (4bb) in 

12 and 73% isolated yields, respectively (Table 1, entry 2).  Whereas, the reaction of 1-phenyl-1-

propyne and (2) afforded (5ba) and (5bb) in 10 and 57% yields, respectively (Table 1 entry 6). 
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The annulation reaction of pyrazole and alkynes have been attempted in MeOH without 

Cu(OAc)2H2O and silver salts but  in the presence of DMB ligand under air or oxygen affording 

moderate to excellent yields of the desired products (Scheme 3, Table 1). 

Scheme 3. Reaction pathway for the synthesis of pyrazolo[5,1-a]isoquinolenes in MeOH. 
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Table 1: Ruthenium(II)-catalyzed synthesis of pyrazolo[5,1-a]isoquinolenes in H2O
[a] and MeOH[b] 

 

Entry 

Substrates Alkynes Products Yield[c] 

 

 

 

 

H2O MeOH 

[1] 1  R1 = R2 = Ph (4a) 81 72 

[2] 1  

 

R1 = Ph, R2 = Me (4ba) 

R1 = Me, R2 = Ph (4bb) 

12 

73 

5 

80 

[3] 1  R1 = R2 = Pr (4c) 82 43 

[4] 1  R1 = R2 = Et (4d) 85 62 

[5] 2  R1 = R2 = Ph (5a) 70 43 

[6] 2  R1 = Ph, R2 = Me (5ba) 

R1 = Me, R2 = Ph (5bb) 

10 

57 

Traces 

57 

[7] 2  R1 = R2 = Pr (5c) 72 40 

[8] 2  R1 = R2 = Et (5d) 82 36 

[a]Reaction conditions: Pyrazole derivatives 1 or 2 (0.5 mmol), Ru-catalyst (0.05 mmol), alkyne (0.6 

mmol), Cu(OAc)2..H2O (1 mmol, 2 equiv.), AgSbF6 (0.2 mmol, 40 mol%), water (2 mL), Temp 100  

°C, 24h, under N2; 
[b]Reaction conditions: Substrate (1) or (2) (0.5 mmol), Ru-catalyst (0.05 mmol), 

alkyne (0.6 mmol), DMB (0.3 mmol), MeOH (3 mL), 60 °C, 24 h under air; [c] Isolated yields after 

column chromatography. 

 

The pyrazole derivative (1) reacted with diphenylacetylene (3a), 4-octyne (3c), and 3-hexyne 

(3d) gave 72, 43 and 62%, of the corresponding pyrazolo[5,1-a]isoquinolenes (4a), (4b), and (4c), 

respectively (Table 1 entries 1, 3, 4). Similarly, annulation of pyrazole derivative (2) with 

diphenylacetylene (3a), 4-octyne (3c) and 3-hexyne (3d) resulted in modest yield of the 

corresponding pyrazolo[1,5-a]isoquinolenes (5a), (5c), and (5d) (Table 1, entries 5, 7, 8). 

Regioselectivity was observed for the reaction performed in methanol as well when the 
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unsymmetrical alkyne, namely, 1-phenyl-1-propyne (3b) reacted with (1) affording excellent yield of 

4bb (80%) and 4ba (5%), similarly, (2) reacted with (3b) gave the regioisomer product (5bb) in 57% 

along with the traces of isomer (5ba)  (Table 1, entries 2 and 6). The reaction conducted in methanol 

is attractive as it is free from the use of silver salt and chemical oxidant and moreover, it could be 

performed at a lower temperature. 

Conclusion 

This manuscript describes a ruthenium(II)-catalyzed synthesis of pyrazolo[5,1-a]isoquinolene 

derivatives in high to excellent yield via the annulation of pyrazole derivatives with alkynes under 

two reaction conditions in water as green solvent and methanol. The annulation proceeded through a 

C-H/N-H bond cleavage reaction with [(p-cymene)RuCl2]2 (10 mol%), AgSbF6 (40 mol%) in the 

presence of an oxidant, Cu(OAc)2.H2O. The reaction undergoes in a regioselective manner when 

reacted pyrazole derivative (1) or (2) with unsymmetrical alkyne namely, 1-phenyl-1-propyne.  The 

present study demonstrated that pyrazole annulation with alkyne can be profitably performed in 

water and even more efficiently than organic solvents. Our result showed that water is ideal solvent 

of choice for annulation reaction with ruthenium(II)-catalysts and it is an alternative to toxic organic 

solvents. We also demonstrated that the annulation of substituted pyrazoles and alkynes could also 

be performed under the silver salt and Cu(OAc)2.H2O free condition in the presence of a carboxylic 

acid ligand in methanol under air to give comparable yields or in some cases lower yields of the 

desired products than those performed in water. 

EXPERIMENTAL 

Material and Methods 

Reactions were performed in Schlenck tubes either under the nitrogen atmosphere in water or oxygen 

in methanol. The solvent used in the reactions were of analytical grade and used as received, distilled 

water was degassed before used. RuCl3.3H2O was obtained from Arrora Matthey Ltd., India. All the 

other chemicals viz. diphenylacetylene, 1-phenyl-1-propyne, 3-hexyne, 4-octyne, 1-benzoylacetone, 

dibenzoylmethane, silver hexafluoroantimonate(V), Silver trifluromethane sulfonate (AgOTf) 

Cu(OAc)2.H2O and KOAc were purchased from Sigma Aldrich, India. 1H and 13C-NMR spectra of 

all the compounds were recorded on a Bruker Avance 300 MHz spectrometer at 300.13 (1H), 75.47 

MHz (13C) with SiMe4 as an internal reference and coupling constants are given in Hertz. ESI-MS 

analyses were performed using Waters UPLC-MSMS (Xevo TQD) mass spectrometer. The 

complexes [(p-cymene)RuCl2]2 [41], [(p-cymene)Ru(quinto)Cl] [42] and  [(p-cymene)Ru(PySO3)Cl] 
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[43] (where quinto = 2-quinaldinato; PySO3 = 2-pyridinesulfonato) were prepared following a 

reported method. 

Crystal structure analysis and refinement 

Single crystal of the compound 4a suitable for X-ray analysis was obtained from the ethyl acetate 

solution of 4a.  The X-ray diffraction data were collected on a  Bruker APEX II single crystal X-ray 

diffractometer employing MoKα radiation (λ = 0.71073 Å). The distance of Crystal-to- detector was 

40 mm and the exposure time was 10 seconds per frame. The data collection was 99.4% complete to 

25° in θ. The direct methods (SHELXS, SIR97) [44] were used for solving the structure and the 

structure was refined by difference Fourier method using SHELXL97 [45]. The refinement of crystal 

structure determination was converged to a final R-value of 0.0401 (for observed data F), and the 

wR2 value was 0.1064 (for unique data F2). Detail crystal structure data determination and selected 

bond lengths (Å) & angles (°) of 4a are presented in Table S2 &Table S3. 

Procedure for the synthesis of compounds 

Preparation of 3-methyl-5-phenyl-1H-pyrazole and 3,5-diphenyl-1H-pyrazole 

A 250 mL round bottom flask was loaded with 1-benzoylacetone ordibenzoylmethane and hydrazine 

hydrate in the ratio 1:1 and stirred in ethanol at room temperature for 20 h. The white solid obtained 

was collected by filtration and washed with water (2 x 10 mL) then dried under vacuum. 

General procedure for the ruthenium(II)-catalysed annulation of 3-methyl-5-phenyl-1H-pyrazole or 

3,5-diphenyl-1H-pyrazole and alkynes in water 

An oven-dried Schlenk tube was charged with [(p-cymene)RuCl2]2 (0.0306g, 0.0499 mmol, 10 

mol%),3-methyl-5-phenyl-1H-pyrazole (1) or 3,5-diphenyl-1H-pyrazole (2) (0.5mmol), alkyne 

(0.675 mmol), Cu(OAc)2.H2O (0.2 g, 1.0 mmol) and AgSbF6 (0.068g, 0.2 mmol). To this reaction 

mixture, 2 mL of degassed water was added and stirred at 100°C for 24 h under nitrogen atmosphere. 

The Schlenk tube was then cooled to room temperature and ethyl acetate (5 mL) was added. The 

reaction mixture was transferred to a separating flask and extracted using EtOAc (3 x 10 mL). The 

ethyl acetate fractions obtained were combined and treated with magnesium sulfate then dried in a 

rotary evaporator. The desired products were obtained in good yield after purification of the residue 

by column chromatography on silica gel column using petroleum ether and ethyl acetate solvent 

gradient. Spectroscopic data of the compouds were well matched with the reported values [40] (see 

Supplementary information). 
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General procedure for ruthenium(II) catalyzed annulation of 3-methyl-5-phenyl-1H-pyrazole or 3,5-

diphenyl-1H-pyrazole and alkyne in methanol 

An oven-dried Schlenk tube was charged with 3-methyl-5-phenyl-1H-pyrazole (1) or 3,5-diphenyl-

1H-pyrazole (2) (0.5 mmol), alkyne (0.60 mmol), [(p-cymene)RuCl2]2 (10 mol%), and DMB (0.3 

mmol). Then methanol or ethanol (2 mL) was added to the reaction mixture and stirred at 60 °C 

under the O2 atmosphere for 24h. The solution was rotary evaporated to dryness and the residue was 

dissolved in dichloromethane. The product was purified by column chromatography on the silica gel 

column with petroleum ether and ethyl acetate solvent gradient, in some cases, the product 

precipitated out from the reaction mixture which was directly filtered and dried.  

Yields and spectroscopic data: 

2-methyl-5,6-diphenylpyrazolo[5,1-a]isoquinoline (4a) 

 White solid; Yield: 135 mg (81%); FTIR (KBr, cm-1): 3053, 2929, 1620, 1539, 1487, 1317; 1H-

NMR (300 MHz, CDCl3):  8.14 (d, 1H, J = 7.8), 7.54 (t, 1H, J = 7.2), 7.41 (m, 2H, J = 6.3), 7.34 (d, 

2H, J = 4.8), 7.26 (s, 7H), 7.19 (d, 1H, J = 5.7), 6.92 (s, 1H), 2.49 (s, 1H); 13C-NMR (75 MHz, 

CDCl3):  150.66, 139.39, 136.47, 136.22, 133.24, 131.73, 131.06, 129.97, 128.14, 127.92, 127.71, 

127.44, 127.02, 126.99, 126.55, 123.70, 123.45, 122.88, 97.32, 14.38; ESI-MS: m/z 335.2 (M+H)+ . 

2, 5-dimethyl-6-phenylpyrazolo[5,1-a]isoquinoline (4ba) 

Light brown solid; Yield: 16 mg (12%); FTIR (KBr, cm-1): 3026, 2932, 1612, 1486; 1H NMR (300 

MHz, CDCl3, ):  8.10 (d, 1H, J = 7.8), 7.55-7.47 (m, 4H), 7.41-7.33 (m, 3H), 7.25 (d, 1H, J =3.9), 

6.89 (s, 1H), 2.60 (s, 3H), 2.57 (s, 3H); 13C-NMR (75 MHz, CDCl3, ):  150.29, 138.98, 137.12, 

131.03, 129.89, 128.59, 127.60, 127.35, 126.22, 125.97, 123.37, 122.85, 121.60, 97.34, 29.67, 15.85, 

14.17; ESI-MS: m/z 273.2  (M+H)+  

2,6-dimethyl-5-phenylpyrazolo[5,1-a]isoquinoline (4bb) 

Light brown solid; Yield: 99 mg (73%); FTIR (KBr, cm-1): 3055, 2924, 1625, 1546, 1471, 1386; 1H 

NMR (300 MHz, CDCl3, ): 8.12 – 8.09 (m, 1H), 7.90 – 7.87 (m, 1H), 7.61 – 7.48 (m, 7H), 6.83 (s, 

1H), 2.44 (s, 3H), 2.32 (s, 3H); 13C NMR (75 MHz, CDCl3, ): 149.94, 138.85, 135.80, 134.01, 

130.59, 129.89, 128.64, 128.47, 127.56, 126.90, 124.29, 123.84, 123.73, 114.96, 96.98, 14.92, 14.28; 

ESI-MS: m/z 273.2 (M+H)+. 

2-methyl-5, 6-dipropylpyrazolo[5,1-a]isoquinoline (4c) 
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Pale yellow solid; Yield: 108 mg (82%); FTIR (KBr, cm-1): 3107, 3074, 2958, 2870, 1625, 1541, 

1469, 1394, 1091; 1H-NMR (300 MHz, CDCl3, ): 8.04 (d, 1H, J = 7.2), 7.82 (d, 1H, J = 8.1), 7.56 – 

7.47 (m, 2H), 6.77 (s, 1H), 3.25 (t, 2H, J = 7.5), 2.93 (t, 2H, J = 8.1), 2.54 (s, 3H), 1.88-1.80 (m, 2H), 

1.74-1.66 (m, 2H), 1.13-1.08 (m, 6H); 13C-NMR (75 MHz, CDCl3, )  149.42, 138.56, 136.66, 

129.01, 127.33, 125.92, 123.85, 123.79, 123.49, 117.83, 96.69, 29.89, 29.64, 23.79, 21.26, 14.44, 

14.29, 14.21,1.01; ESI-MS: m/z 267.2 (M+H)+. 

5,6-diethyl-2-methylpyrazolo[5,1-a]isoquinoline (4d, C16H18N2) 

Light orange solid;Yield: 101 mg (85%); FTIR (KBr, cm-1): 3118, 2972, 2933, 1624, 1541, 1467, 

1338, 1271;1H NMR (300 MHz, CDCl3, ): 8.06 (d, 1H, J = 7.5), 7.86 (d, 1H, J = 7.8), 7.57 – 7.46 

(m, 2H), 6.78 (s, 1H), 3.32 (q, 2H, J = 7.2), 3.0 (q, 2H, J = 7.5), 2.56 (s, 3H), 1.40 (t, 3H, J = 7.2), 

1.31 (t, 3H, J = 7.5); 13C-NMR (75 MHz, CDCl3, ): 149.51, 138.54, 137.54, 128.74, 127.43, 125.96, 

123.92, 123.61, 123.54, 118.79, 96.78, 21.25, 20.49, 15.04, 14.19, 12.64; ESI-MS: m/z 239.2 

(M+H)+. 

2,5,6-triphenylpyrazolo[5,1-a]isoquinoline (5a) 

Off white solid; Yield: 139 mg (70%); FTIR (KBr, cm-1): 3059, 3030, 1737, 1622, 1535, 1456, 1388, 

1342, 1273, 1180;1H NMR (300 MHz, CDCl3, ): 8.25 (d, 1H, J = 7.8), 7.95 (d, 2H, J = 7.2), 7.61 – 

7.58 (m, 1H), 7.46 – 7.44 (m, 7H), 7.41 – 7.30 (m, 8H), 7.25 – 7.23 (m, 1H); 13C-NMR (75 MHz, 

CDCl3, ) 159.26, 139.91, 136.46, 136.38, 133.46, 133.01, 131.72, 131.37, 130.03, 128.53, 128.06, 

128.02, 127.68, 127.51, 127.27, 127.13, 126.76, 126.41, 123.99, 123.82, 123.53, 94.57, ESI-MS: m/z 

397.2 (M+H)+. 

5-methyl-2,6-diphenylpyrazolo[5,1-a]isoquinoline (5ba) 

Light pink solid; Yield: 17 mg (10%); FTIR (KBr, cm-1): 3059, 2922, 2852, 1625, 1541, 1458, 1371, 

1024; 1H NMR (300 MHz, CDCl3, ):  8.20 (d, 1H, J = 7.8), 8.09 (d, 2H, J = 7.5), 7.55 – 7.36 (m, 

11H), 7.29 (s, 1H), 2.66 (s, 3H); 13C-NMR (75 MHz, CDCl3, ): 152.20, 139.44, 137.04, 133.68, 

133.54, 130.98, 129.94, 128.71, 128.13, 127.68, 127.55, 126.41, 126.13, 123.43, 123.16, 122.52, 

94.73, 15.78; ESI-MS: m/z 335.2 (M+H)+. 

6-methyl-2,5-diphenylpyrazolo[5,1-a]isoquinoline (5bb) 

Light brown solid; Yield: 98 mg (57%); FTIR (KBr, cm-1): 3032, 2918, 2862, 1625, 1543, 1456, 

1388, 1332, 1265, 1078; 1H NMR (300 MHz, CDCl3, ):  8.21 – 8.20 (m, 1H), 7.94 – 7.88 (m, 3H), 

7.64 – 7.52 (m, 7H), 7.40 – 7.27 (m, 4H), 2.40 (s, 3H); 13C-NMR (75 MHz, CDCl3, ): 151.62, 
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139.35, 136.07, 133.69, 133.58, 130.91, 129.97, 128.56, 128.47, 128.22, 127.88, 127.78, 127.13, 

126.28, 124.48, 124.09, 123.79, 116.03, 94.24, 30.86; ESI-MS: m/z 335.2 (M+H)+. 

2-phenyl-5,6-dipropylpyrazolo[5,1-a]isoquinoline (5c) 

Pale yellow solid; Yield: 119 mg (72%) ; FTIR (KBr, cm-1): 3059, 2956, 2870, 1627, 1535, 1456, 

1392, 1282, 1085; 1H NMR (300 MHz, CDCl3, ): 8.17 – 8.06 (m, 3H), 7.86 (d, 1H, J = 7.2 ), 7.58 – 

7.46 (m, 4H), 7.38 (d, 1H, J = 7.5), 7.30 (s, 1H), 3.36 (t, 2H, J = 7.8), 2.98 (t, 2H, J = 7.8), 1.96 – 

1.88 (m, 2H), 1.75 – 1.57 (m, 2H), 1.18 – 1.12 (m, 6H); 13C-NMR (75 MHz, CDCl3, ):  151.29, 

139.02, 136.97, 133.93, 129.07, 128.62, 127.91, 126.26, 126.17, 123.97, 123.92, 123.79, 118.93, 

94.04, 29.99, 29.74, 23.81, 21.23, 14.42; ESI-MS: m/z  329.3 (M+H)+. 

5,6-diethyl-2-phenylpyrazolo[5,1-a]isoquinoline (5d, C21H20N2) 

Light orange solid; Yield: 123 mg (82%); FTIR (KBr, cm-1): 3070, 2970, 2870, 1745, 1625, 1537, 

1456, 1392, 1338, 1199, 1062; 1H-NMR (300 MHz, CDCl3, ): 8.16 (d, 1H, J = 7.2), 8.07 (d, 2H, J = 

7.2), 7.89 (d, 1H, J = 7.8), 7.60 – 7.46 (m, 4H), 7.40 – 7.31 (m, 1H), 7.27 (s, 1H), 3.42 (q, 2H, J = 

7.5), 3.04 (q, 2H, J = 7.5), 1.46 (t, 3H, J = 7.5), 1.35 (t, 3H, J = 7.5); 13C NMR (75 MHz, CDCl3, ): 

151.43, 138.99, 137.89, 133.94, 128.80, 128.64, 127.92, 127.64, 126.31, 126.19, 123.98, 123.79, 

119.88, 94.15, 21.30, 2062, 15.02, 12.53; ESI-MS: m/z 301.2 (M+H)+. 

SUPPLEMENTARY INFORMATION 

Crystal structure data determination for compound 4a has been deposited with the CCDC No. 

1949920. This information may be access via www.ccdc.cam.ac.uk/data_request/cif. Further, the 

detailed characterization of all the compounds (1H, 13C-NMR, and ESI-MS data), selected bond 

lengths and angles of 4a as well as copies of the 1H and 13C-NMR spectra of all the compounds are 

provided as supplementary information. 
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Graphical abstract 

Pyrazolo[5,1-a]isoquinolines were synthesized via ruthenium(II)-catalysed annulation of pyrazole 

derivatives with alkynes in the presence of Cu(OAc)2.H2O and AgSbF6 in water, alternatively in 

alcohol in the presence of carboxylate ligand under air.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


