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Abstract 

Ultrasound irradiation in presence of 20% ZnBr2 effectively promotes regio- and stereo-selective cycloaddition 

reaction of azomethine ylide with a series of (E)-3-benzylideneindolin-2-ones to afford 3,3′-dispiropyrrolidine 

bisoxindole derivatives in excellent yields in methanol at room temperature. The factors affecting the 

cycloaddition reaction, for example solvent, catalyst, ultrasonic irradiation, are examined in detail to find the 

mildest conditions and highest reaction yields. The structure and stereochemistry of cycloadducts were 

determined by spectroscopic data and confirmed by X-ray crystallographic analysis.  
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Introduction 

 

The 1,3-dipolar cycloaddition reaction of azomethine ylides is a powerful tool for the construction of various 

types of complex polyheterocyclic frameworks.1-3 In recent years the azomethine ylide has gained a vital place 

in the synthesis of heterocyclic compounds as it serves as an important building block for the construction of 

nitrogen-containing five membered heterocycles,4-8 which are often an integral part of many natural products 

and bioactive molecules.9,10 The 3,3′-spirocyclooxindole skeleton is found in a growing number of natural or 

synthetic products presenting various biological activities.11-13 In particular, the spiropyrrolidinyloxindole, due 

to its presence in a large number of bioactive alkaloids, such as coerulescine14,15 (1), inhibitor of the MDM2–

p5316,17 (2), alstonisine18,19 (3) and strychnofoline20 (4) display a broad range of biological activity (Figure 1). 

Some spiropyrrolidines are potential antileukaemic and anticonvulsant agents21 and possess antiviral and local 

anaesthetic activities,15 and this has attracted considerable attention from organic chemists. The challenges 

associated with the synthesis of spiro- or dispiro-heterocycles containing the 3,3′-pyrrolidinyl-spirooxindole 

core have made them the subject of several elegant synthetic investigations.22-32  

 

 
 

Figure 1. Biologically important molecules containing spiropyrrolidinyloxindole skeleton. 

  

Ultrasound irradiation has increasingly been used as a powerful tool for the preparation of organic 

molecules either in homogeneous or in heterogeneous liquid reaction systems.33,34 The success and 

advantages of this method include shorter reaction time, higher yield, higher product purity, improved 

selectivity, reduced side product formation, and use of milder reaction conditions when compared with 

conventional heating.35,36 Therefore, recently, ultrasonic irradiation has received considerable attention of 

researchers and numerous examples under this condition for constructing heterocycles with interesting 

properties have been reported.37-39 Zinc halides, particularly ZnBr2, are very interesting catalysts due to their 

low toxicity, low cost, ease of handling, stability in air and water, recoverability and use in numerous chemical 

transformations.40 
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In continuation of our interest in the cycloaddition reaction to synthesis of novel polycyclic nitrogen 

heterocycles41-43 and as part of our concern in the using catalyst,44,45 herein we report an efficient, highly 

atom-economic and regioselective synthesis of novel 3,3′-dispiropyrrolidine bisoxindoles 8a-l via the one-pot, 

three-component condensation of azomethine ylide (generated in situ from sarcosine 5 and isatin 6) with the 

Knoevenagel adduct (E)-3-benzylideneindolin-2-ones 7a-l (Scheme 1). The reaction is performed under 

ultrasound irradiation, in the presence of 20% ZnBr2 as a catalyst in methanol at ambient temperature.  

 

 
 

Scheme 1. Synthesis of 3,3′-dispiropyrrolidine bisoxindole derivatives 8a-l. 

 

 

Results and Discussion 

 

The (E)-3-benzylideneindolin-2-ones 7a-l were prepared according to the reported procedure via condensation 

of indolin-2-ones 9 and various aromatic aldehydes 10 with the predominant formation of E isomer (Scheme 

2).46 These diastereomers were separated by column chromatography to give pure compounds (E) and (Z)-3-

benzylideneindolin-2-ones 7 and 11 in good yields. The structure of the isomers was deduced on the basis of 
1H NMR spectral data.47,48 

 
 

Scheme 2. Synthesis of (E) and (Z)-3-benzylideneindolin-2-ones. 

 

We studied the effect of solvents, catalysts and ultrasound irradiation on cycloaddition reaction of the 1,3-

dipole generated from isatin 6 and sarcosine 5 with the Knoevenagel adduct (E)-3-benzylidene-indolin-2-one 

7a (Table 1). Initially a series of solvents were investigated to find the best reaction conditions (Entries 1-7). 

Among the solvents used, methanol at 65 oC (reflux temp.) was found to be the best one in terms of highest 

yield and shortest reaction time (Entry 7). Then this reaction was examined in some different catalysts under 

refluxing methanol. The results showed that ZnBr2 is the best catalyst to achieve the desired product in the 

highest yield and the shortest reaction time (Entry 11). Increasing and reducing the amount of ZnBr2 from 100 
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mol% to 20 mol% did not have any effect on the yield of reaction (Entries 13 and 14), but reducing the amount 

of ZnBr2 to 10 mol% shows little negative effect (Table 1, entry 15). To evaluate the effects of ultrasound 

irradiation on the reactivity of reagents, this reaction was performed in methanol and ZnBr2 (20 mol%) under 

ultrasound irradiation conditions at room temperature (Table 1, entry 16). The 1,3-dipole generated from 

isatin 6 and sarcosine 5 reacted readily with the adduct (E)-3-benzylideneindolin-2-one 7a under ultrasound 

irradiation to give 3,3′-dispiropyrrolidine bisoxindole 8a in 98% yield through an intermolecular 1,3-dipolar 

cycloaddition reaction with high regio- and stereoselectivity in presence of 20% ZnBr2 in methanol within 30 

minute. The reaction produced a single product in all cases, as which was confirmed by TLC and 1H NMR 

spectral data. Comparison of ZnBr2 catalyzed ultrasonic irradiation and classical reactions showed that the 

reaction time is reduced from 90 minutes to only 30 minutes by ultrasonic irradiation at room temperature, 

which indicates that the ultrasonic irradiation plays an important role in the rate and yield enhancement. 

 

Table1. Effect of solvent, catalyst and ultrasound irradiation on the yield of product 8a 

Entry Solvent Catalyst Temp. (oC) Time (min) Yielda (%) 

1 CH3CN - Reflux 180 50 

2 Toluene - Reflux 300 14 

3 Benzene - Reflux 300 25 

4 1,4-Dioxane - Reflux 300 50 

5 CH3CH2OH - Reflux 180 60 

6 CH3OH - rt 300 10 

7 CH3OH - Reflux 180 82 

8 CH3OH SiO2 (50 mol%) Reflux 90 88 

9 CH3OH ZnCl2 (50 mol%) Reflux 90 84 

10 CH3OH ZrOCl2 (50 mol%) Reflux 90 85 

11 CH3OH ZnBr2 (50 mol%) Reflux 90 92 

12 CH3OH ZnO (50 mol%) Reflux 90 82 

13 CH3OH ZnBr2 (100 mol%) Reflux 90 92 

14 CH3OH ZnBr2 (20 mol%) Reflux 90 92 

15 CH3OH ZnBr2 (10 mol%) Reflux 90 87 

16b CH3OH ZnBr2 (20 mol%) rt 30 98 

a Isolated product. b This reaction was conducted under ultrasound irradiation. 

 

The scope of the reaction was extended by reacting various (E)-3-benzylideneindolin-2-ones 7a-l with 

azomethine ylide generated from isatin 6, and sarcosine 5 to give 3,3′-dispiropyrrolidine bisoxindole 

derivatives 8a-l in excellent yields (Table 2). The reaction proceeded smoothly and a single regioisomer was 

isolated in all the cases studied.  

The structures and regiochemistry of cycloadducts 8a–l were characterized by IR, 1H/ 13C NMR, GCMS and 

HRMS data. For instance, the IR spectrum of cycloadduct 8a showed three characteristic peaks at 1698 (for 

other derivatives are separated) and 3168 cm-1 corresponding to the two oxindole ring carbonyls and the 

secondary amide NH groups, respectively. In the 1H NMR spectrum of 8a two singlets appeared at δ 2.30 and  
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Table 2.  Structures of synthesized compounds 8a-la 

Entry R1
 R2 R3

 Product Yieldb (%) 

1 CH3 H H 8a 98 

2 CH3 H OCH3 8b 90 

3 CH3 H Cl 8c 92 

4 CH3 NO2 H 8d 88 

5 C2H5 NO2 H 8e 85 

6 C2H5 H CH3 8f 92 

7 C2H5 H Cl 8g 95 

8 C2H5 H OH 8h 88 

9 C2H5 H Br 8i 97 

10 C6H5 H CH3 8j 90 

11 C6H5 H OCH3 8k 86 

12 C6H5 H Cl 8l 94 

a All the reactions were conducted under ultrasound irradiation, using 20 mol% ZnBr2 in methanol at room 

temperature for 30 minute. b Isolated product. 

 

2.96 for two –NCH3 protons of the pyrrolidine ring and oxindole ring, respectively. The –NCH2 protons and 

benzylic proton of pyrrolidine ring appeared as multiplet and triplet at δ 4.47-4.53 and 3.73 which explained 

the regiochemistry of the cycloaddition. In contrast, if the other regionisomer had been formed, the benzylic 

proton would have appeared as a singlet in the 1H NMR spectrum. The –NH proton of the oxindole showed a 

broad singlet at δ 7.93 ppm. For the 13C NMR spectrum of 8a, the two spiro quaternary carbons resonated at 

64.9, 79.5 ppm and the oxindoles carbonyl carbons resonated at 177.5 and 179.0 ppm. Finally the 

regiochemistry and formation of the products 8 was confirmed by the structure determined from an X-ray 

crystallographic study of the single crystal of 8i (Figure 2).49 

  

 

Figure 2.  ORTEP diagram of 8i. 

 

Based on the literature reports,50 the mechanism involves the formation of an oxazolidinone intermediate. 

In the presence of activated (E)-3-benzylideneindolin-2-ones with ZnBr2, it undergoes loss of CO2 via a 
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stereospecific 1,3-cycloreversion forming the azomethine ylide, which undergoes 1,3-dipolar cycloaddition to 

give the dispiro compounds 8a-l (Scheme 3). 

 

 

Scheme 3.  Mechanism for the formation of compounds 8a-l. 

 

 

Conclusions 
 

This letter describes a facile, high yield and efficient method for the synthesis of novel dispiro compounds via 

1,3-dipolar cycloaddition reaction of azomethine ylide generated from isatin and sarcosine with different (E)-

3-benzylideneindolin-2-ones by ZnBr2 catalyzed ultrasonic irradiation. The products were isolated by 

recrystallization in methanol without need for further purification. The synthetic route involves a regio- and 

stereo-controlled fashion as determined by NMR and confirmed by X-ray crystallographic analysis. 

 

 

Experimental Section 

 

General. The reagents and solvents were commercially available and purchased from Sigma–Aldrich and 

Merck, and were used without any additional purification. Ultrasonication was performed in a Parsonic 7500s 

ultrasonic bath with a frequency of 28 kHz and a power of 100 W. The liquid holding capacity of the ultrasonic 

cleaner tank was 6L. TLC: Silica-gel plates 60 F254 (SiO2; Merck). M.p.: Büchi melting point B-540 apparatus; in 

sealed capillaries. 1H and 13C NMR Spectra: Bruker (DRX-500 Avance) spectrometer at 500 and 300 (1H) and 

125 and 75.5 (13C) MHz, in CDCl3 soln., at ambient temp.; δ in ppm rel. to Me4Si as internal standard, J in Hz. 

Signals of the 13C NMR spectra corresponding to CH, CH2 , or CH3 groups are assigned from DEPT. Infrared 

spectra were recorded in an ATR apparatus. Mass spectrometric data (MS) were obtained by electron 

ionization (EI, 70 eV), chemical ionization (CI, isobutane) or electrospray ionization (ESI). 
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General procedure for synthesis of the 3,3′-dispiropyrrolidine bisoxindole (8a-l). A mixture of (E)-3-

benzylideneindolin-2-one 7a-l (1 mmol), isatin (147 mg, 1 mmol), sarcosine (89 mg, 1 mmol) and anhydrous 

ZnBr2 (20%, 45 mg, 0.2 mmol) in methanol (10 mL) was sonicated for 30 minute at room temperature (25-30 
oC). After completion of the reaction as monitored by TLC, the mixture was poured in ice cold water and the 

precipitates were filtered and air dried. Then the product was recrystallized from methanol to afford the pure 

product 8a-l. 

(3R*,3″S*,4′R*)-1′,1″-Dimethyl-4′-phenyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-2,2″(1H,1″H)-dione 

(8a). Pale yellow solid, yield 98% (401 mg); mp 206-208 oC. IR (KBr, ν, cm-1): 3168 (m), 1698 (s), 1609 (s), 1468 

(s). 1H NMR (500 MHz, CDCl3): δ 7.93 (s, 1H, NH), 7.53 (d, J 7.6 Hz, 1H, Ar-H), 7.26 (d, J 7.4 Hz, 2H, Ar-H), 7.11-

7.14 (m, 3H, Ar-H), 7.06 (t, J 7.2 Hz, 1H, Ar-H), 6.98 (t, J 7.6 Hz, 1H, Ar-H), 6.92 (t, J 7.6 Hz, 1H, Ar-H), 6.71 (d, J 

7.2 Hz, 1H, Ar-H), 6.55 (d, J 7.6 Hz, 1H, Ar-H), 6.42 (t, J 7.1 Hz, 2H, Ar-H), 4.47-4.53 (m, 2H, CH2), 3.73 (t, J 5.4 

Hz, 1H, CH), 2.96 (s, 3H, NMe), 2.30 (s, 3H, NMe). 13C NMR (125 MHz, CDCl3): δ 179.0 (C, N-C=O), 177.5 (C, N-

C=O), 144.2 (C), 142.0 (C), 138.4 (C), 130.0 (CH), 129.9 (CH), 128.5 (CH), 128.4 (CH), 128.3 (CH), 127.2 (CH), 

127.1 (CH), 125.5 (C), 125.0 (C), 122.8 (CH), 122.0 (CH), 109.7 (CH), 107.4 (CH), 79.5 (C), 64.9 (C), 57.2 (CH2), 

49.8 (NCH3), 35.8 (CH), 26.6 (NCH3). MS (GC, 70eV): m/z (%) = 409 (M+, 2), 235 (31), 234 (22), 174 (100), 159 

(18). HRMS (ESI): calcd for C26H24N3O2 (M+H) 410.1863, found 410.1872. 

(3R*,3″S*,4′R*)-4′-(4-Methoxyphenyl)-1′,1″-dimethyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8b). Yellow solid, yield 90% (396 mg); mp 216-218 oC. IR (KBr, ν, cm-1): 3165 (m), 1702 

(s), 1609 (s), 1493 (m). 1H NMR (500 MHz, CDCl3): δ 7.66 (s, 1H, NH), 7.55 (d, J 7.5 Hz, 1H, Ar-H), 7.22 (d, J 8.6 

Hz, 2H, Ar-H), 7.15 (t, J 7.5 Hz, 1H, Ar-H), 7.01 (t, J 7.6 Hz, 1H, Ar-H), 6.97 (t, J 7.8 Hz, 1H, Ar-H), 6.78 (d, J 7.5 Hz, 

1H, Ar-H), 6.70 (d, J 8.6 Hz, 2H, Ar-H), 6.56 (d, J 7.6 Hz, 1H, Ar-H), 6.52 (t, J 7.6 Hz, 1H, Ar-H), 6.45 (d, J 7.7 Hz, 

1H, Ar-H), 4.42-4.48 (m, 2H, CH2), 3.72-3.80 (m, 4H, OMe, CH), 3.00 (s, 3H, NMe), 2.35 (s, 3H, NMe). 13C NMR 

(125 MHz, CDCl3): δ 178.4 (C, N-C=O), 162.8 (C, N-C=O), 158.6 (C), 143.3 (C), 142.1 (C), 130.8 (C), 130.4 (C), 

129.8 (CH), 129.0 (CH), 128.3 (CH), 127.6 (CH), 125.6 (CH), 125.4 (C), 122.8 (CH), 121.8 (CH), 113.7 (CH), 109.6 

(CH), 107.4 (CH), 79.4 (C), 64.6 (C), 57.6 (CH2), 55.5 (OCH3), 49.2 (CH), 35.8 (NCH3), 34.9 (NCH3). MS (GC, 70eV): 

m/z (%) = 439 (M+, 2), 277 (5), 265 (28), 264 (23), 174 (100), 159 (19). HRMS (ESI): calcd for C27H26N3O3 (M+H) 

440.1968, found 440.1973. 

(3R*,3″S*,4′R*)-4′-(4-Chlorophenyl)-1′,1″-dimethyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8c). White solid, yield 92% (408 mg); mp 231-233 oC. IR (KBr, ν, cm-1): 3231 (m), 1709 (s), 

1695 (s), 1610 (m), 1369 (s). 1H NMR (500 MHz, CDCl3): δ 7.69 (s, 1H, NH), 7.53 (d, J 7.6 Hz, 1H, Ar-H), 7.24 (d, J 

8.4 Hz ,2H, Ar-H), 7.13-7.17 (m, 3H, Ar-H), 6.98-7.03 (m, 2H, Ar-H), 6.71 (d, J 7.5 Hz, 1H, Ar-H), 6.53-6.57 (m, 

2H, Ar-H), 6.47 (d, J 7.7 Hz, 1H, Ar-H), 4.42-4.47 (m, 2H, CH2), 3.78 (m, 1H, CH), 3.01 (s, 3H, NCH3), 2.34 (s, 3H, 

NCH3). 13C NMR (125 MHz, CDCl3): δ 178.7 (C, N-C=O), 177.3 (C, N-C=O), 144.2 (C), 141.9 (C), 136.9 (C), 132.9 

(C), 131.4 (CH), 130.0 (CH), 128.7 (CH), 128.4 (CH), 127.6 (CH), 127.1 (CH), 125.3 (C), 124.6 (C), 122.9 (CH), 

122.2 (CH), 109.5 (CH), 107.4 (CH), 79.4 (C), 64.7 (C), 57.4 (CH2), 49.1 (CH), 35.7 (NCH3), 26.6 (NCH3). MS (GC, 

70eV): m/z (%) = 443 (M+, 1), 269 (32), 268 (14), 174 (100), 159 (17). HRMS (ESI): calcd for C26H23ClN3O2 (M+H) 

444.1473, found 444.1476. 

(3R*,3″S*,4′R*)-1′,1″-Dimethyl-4′-(3-nitrophenyl)dispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-2,2″-

(1H,1″H)-dione (8d). Bold yellow solid, yield 88% (400 mg); mp 201-203 oC. IR (KBr, ν, cm-1): 3170 (m), 1712 

(s), 1608 (m), 1524 (s). 1H NMR (500 MHz, CDCl3): δ 8.53 (s, 1H, NH), 7.37 (d, J 7.6 Hz, 1H, Ar-H), 7.01 (t, J 7.7 

Hz, 2H, Ar-H), 6.96 (t, J 7.6 Hz, 2H, Ar-H), 6.85 (t, J 7.6 Hz, 1H, Ar-H), 6.80 (d, J 7.6 Hz, 1H, Ar-H), 6.54 (t, J 7.7 Hz, 

1H, Ar-H), 6.48 (d, J 7.7 Hz, 1H, Ar-H), 6.45 (d, J 7.6 Hz, 1H, Ar-H), 6.41 (d, J 7.7 Hz, 1H, Ar-H), 6.17-6.18 (m, 1H, 

Ar-H), 4.31 (t, J 7.4 Hz, 1H, CH), 4.24 (t, J 8.7 Hz, 1H, CH2), 3.71 (t, J 8.2 Hz, 1H, CH), 2.94 (s, 3H, NCH3), 2.23 (s, 

3H, NCH3). 13C NMR (125 MHz, CDCl3): δ 178.3 (C, N-C=O), 177.0 (C, N-C=O), 153.2 (C), 148.5 (C), 144.3 (C), 

142.8 (C), 141.4 (CH), 139.7 (CH), 135.2 (C), 129.8 (CH), 128.6 (CH), 127.1 (CH), 126.8 (CH), 125.0 (C), 122.3 
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(CH), 122.1 (CH), 110.3 (CH), 109.6 (CH), 108.7 (CH), 107.3 (CH), 79.1 (C), 62.7 (C), 56.8 (CH2), 43.3 (NCH3), 35.6 

(CH), 26.4 (NCH3). MS (GC, 70eV): m/z (%) = 454 (M+, 2), 280 (37), 174 (100), 159 (19). HRMS (ESI): calcd for 

C26H23N4O4 (M+H) 455.1713, found 455.1706. 

(3R*,3″S*,4′R*)-1″-Ethyl-1′-methyl-4′-(3-nitrophenyl)dispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-2,2″-

(1H,1″H)-dione (8e). Pale brown solid. yield 85% (398 mg); mp 208-210 oC. IR (KBr, ν, cm-1): 3213 (m), 1708 

(s), 1608 (m), 1525 (s). 1H NMR (500 MHz, CDCl3): δ 8.25 (s, 1H, NH), 8.11 (s, 1H, Ar-H), 7.93 (d, J 6.9 Hz, 1H, Ar-

H), 7.54 (d, J 7.6 Hz, 1H, Ar-H), 7.46 (d, J 7.6 Hz, 1H, Ar-H), 7.27 (t, J 8.0 Hz, 1H, Ar-H), 7.13 (t, J 7.6 Hz, 1H, Ar-

H), 6.98 (t, J 7.6 Hz, 1H, Ar-H), 6.94 (t, J 7.7 Hz, 1H, Ar-H), 6.64 (d, J 7.6 Hz, 1H, Ar-H), 6.59 (d, J 7.7 Hz, 1H, Ar-

H), 6.48 (d, J 7.8 Hz, 1H, Ar-H), 6.44 (t, J 7.5 Hz, 1H, Ar-H), 4.52 (q, J 7.1 Hz, 2H, NCH2), 3.78 -3.82 (m, 2H, CH2), 

3.40-3.42 (m, 1H, CH), 2.33 (s, 3H, NMe), 0.94 (t, J 7.1 Hz, 3H, CH3). 13C NMR (125 MHz, CDCl3): δ 178.0 (C, N-

C=O), 177.6 (C, N-C=O), 148.4 (C), 143.5 (C), 142.1 (C), 141.0 (CH), 136.3 (CH), 130.2 (CH), 129.1 (CH), 128.9 

(CH), 128.5 (CH), 127.6 (CH), 124.9 (C), 124.8 (CH), 124.4 (C), 123.1 (CH), 122.2 (CH), 122.0 (CH), 109.9 (C), 

108.0 (CH), 79.6 (C), 64.1 (C), 57.2 (CH2), 49.7 (CH2), 35.6 (NCH3), 35.1 (CH), 12.8 (CH3). MS (GC, 70eV): m/z (%) 

= 468 (M+, 2), 294 (21), 279 (13), 174 (100). HRMS (ESI): calcd for C27H25N4O4 (M+H) 469.1870, found 469.1878. 

(3R*,3″S*,4′R*)-1″-Ethyl-1′-methyl-4′-(4-methylphenyl)dispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8f). White solid, yield 92% (402 mg); mp 205-207 oC. IR (KBr, ν, cm-1): 3231 (m), 1712 (s), 

1699 (s), 1609 (s), 1467 (s). 1H NMR (500 MHz, CDCl3): δ 7.99 (s, 1H, NH), 7.58 (d, J 7.5 Hz, 1H, Ar-H), 7.12-7.16 

(m, 3H, Ar-H), 7.00-7.02 (m, 1H, Ar-H), 6.93-6.96 (m, 3H, Ar-H), 6.79 (d, J 7.6 Hz, 1H, Ar-H), 6.59 (d, J 7.6 Hz, 1H, 

Ar-H), 6.43-6.47 (m, 2H, Ar-H), 4.48 (m, 2H, NCH2), 3.70-3.83 (m, 2H, CH2), 3.37-3.44 (m, 1H, CH), 2.34 (s, 3H, 

NCH3), 2.25 (s, 3H, NCH3), 0.94 (t, J 7.2 Hz, 3H, CH3). 13C NMR (125 MHz, CDCl3): δ 178.3 (C, N-C=O), 178.0 (C, 

N-C=O), 143.3 (C), 142.1 (C), 136.3 (C), 135.2 (C), 129.7 (CH), 129.6 (CH), 129.1 (CH), 129.0 (CH), 128.3 (CH), 

127.7 (CH), 125.8 (C), 125.4 (C), 122.8 (CH), 121.7 (CH), 109.6 (CH), 107.3 (CH), 79.5 (C), 64.6 (C), 57.3 (CH2), 

49.7 (CH), 35.8 (NCH3), 34.9 (CH2), 21.4 (CH3), 12.8 (CH3). MS (GC, 70eV): m/z (%) = 437 (M+, 3), 291 (8), 263 

(30), 174 (100). HRMS (ESI): calcd for C28H28N3O2 (M+H) 438.2176, found 438.2182. 

(3R*,3″S*,4′R*)-4′-(4-Chlorophenyl)-1″-ethyl-1′-methyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8g). White solid, yield 95% (435 mg);  mp 209-211 oC. IR (KBr, ν, cm-1): 3274 (m), 1709 (s), 

1682 (s), 1606 (m). 1H NMR (500 MHz, CDCl3): δ 7.57 (s, 1H, NH), 7.44 (d,  J 7.6 Hz, 1H, Ar-H), 7.19 (d, J 8.4 Hz, 

2H, Ar-H), 7.08 (d, J 8.4 Hz, 2H, Ar-H), 7.05 (t, J 7.6 Hz, 1H, Ar-H), 6.97 (t, J 7.6 Hz, 1H, Ar-H), 6.88 (t, J 7.6 Hz, 

1H, Ar-H), 6.80 (d, J 7.6 Hz, 1H, Ar-H), 6.55 (d, J 7.7 Hz, 1H, Ar-H), 6.52 (t, J 7.7 Hz, 1H, Ar-H), 6.47 (d, J 7.7 Hz, 

1H, Ar-H), 4.46 (t, J 8.5 Hz, 1H, CH), 4.37 (t, J 8.0 Hz, 1H, CH2), 3.72-3.79 (m, 1H, NCH2), 3.66 (t, J 8.0 Hz, 1H, 

CH2), 3.34-3.41 (m, 1H, NCH2), 2.29 (s, 3H, NMe), 0.90 (t, J 7.2 Hz, 3H, CH3). 13C NMR (125 MHz, CDCl3): δ 183.1 

(C, N-C=O), 182.0 (C, N-C=O), 148.2 (C), 144.2 (C), 142.1 (C), 137.2 (C), 137.1(CH), 136.0 (C), 134.5 (CH), 133.7 

(CH), 133.3 (CH), 133.0 (CH), 131.8 (CH), 130.0 (C), 126.8 (CH), 126.3 (CH), 114.6 (CH), 112.3 (CH), 83.9 (C), 68.9 

(C), 62.1 (CH2), 54.3 (NCH3), 40.4 (CH), 39.6 (CH2), 17.5 (CH3). MS (GC, 70eV): m/z (%) = 457 (M+, 3), 291 (16), 

283 (15), 175 (14), 174 (100), 159 (12). HRMS (ESI): calcd for C27H25ClN3O2 (M+H) 458.1629, found 458.1639. 

(3R*,3″S*,4′R*)-1″-Ethyl-4′-(4-hydroxyphenyl)-1′-methyldispiro[indole-3,2′-pyrrolidine-3′,3″indole]-2,2″-

(1H,1″H)-dione (8h). Pale brown solid, yield 88% (387 mg); mp 217-219 oC. IR (KBr, ν, cm-1): 3516 (m), 3252 

(w), 1697 (s), 1681 (s), 1610 (s), 1467 (s). 1H NMR (500 MHz, CDCl3): δ 9.10 (s, 1H, OH), 7.84 (s, 1H, NH), 7.52 

(d, J 7.5 Hz, 1H, Ar-H), 7.31 (d,  J 8.0 Hz, 1H, Ar-H), 6.86 (t, J 7.6 Hz ,1H, Ar-H), 6.69-6.73 (m, 3H, Ar-H), 6.63 (t, J 

7.4 Hz, 1H, Ar-H), 6.39 (d, J 7.8 Hz, 1H, Ar-H), 6.31 (d, J 7.6 Hz, 1H, Ar-H), 6.20-6.24 (m, 3H, Ar-H), 4.40 (m, 2H, 

CH2), 3.43-3.52 (m, 3H, CH2, CH), 2.12 (s, 3H, NMe), 0.73 (t, J 7.1 Hz, 3H, CH3). 13C NMR (125 MHz, CDCl3): δ 

178.9 (C, N-C=O), 177.3 (C, N-C=O), 156.0 (C), 144.0 (C), 143.3 (C), 129.3 (CH), 128.4 (CH), 127.5 (CH), 127.3 

(CH), 127.0 (CH), 126.4 (C), 125.6 (C), 125.5 (C), 120.5 (CH), 118.8 (CH), 114.5 (CH), 109.4 (CH), 106.5 (CH), 79.0 

(C), 63.5 (C), 57.7 (CH2), 42.8 (CH), 35.7 (NCH3), 34.4 (CH2), 12.5 (CH3). MS (GC, 70eV): m/z (%) = 439 (M+, 6), 

368 (9), 174 (100), 159 (11), 111 (15). HRMS (ESI): calcd for C27H26N3O3 (M+H) 440.1968, found 440.1968. 
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(3R*,3″S*,4′R*)-4′-(4-Bromophenyl)-1″-ethyl-1′-methyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-2,2″-

(1H,1″H)-dione (8i). White solid, yield 97% (487 mg); mp 216-218 oC. IR (KBr, ν, cm-1): 3269 (m), 1709 (s), 1681 

(s), 1606 (m). 1H NMR (300 MHz, CDCl3): δ 7.49 (d, J 7.4 Hz,1H, Ar-H), 7.26 (s, 1H, NH), 7.16-7.20 (m, 2H, Ar-H), 

7.02-7.08 (m, 3H, Ar-H), 6.91 (tt, J 7.7 Hz, 1.4 Hz, 2H, Ar-H), 6.69 (dd, 1H, J 7.7 Hz, 0.7 Hz, Ar-H), 6.39-6.50 (m, 

3H, Ar-H), 4.32-4.36 (m, 2H, CH2), 3.61-3.77 (m, 2H, NCH2, CH), 3.24-3.36 (m, 1H, NCH2), 2.25 (s, 3H, NCH3), 

0.83 (t, J 7.3 Hz, 3H, CH3). 13C NMR (75.5 MHz, CDCl3): δ 177.8 (C, N-C=O), 176.9 (C, N-C=O), 143.0 (C), 141.4 

(C), 137.1 (C), 131.2 (CH), 131.0 (CH), 129.5 (CH), 128.4 (CH), 128.2 (CH), 127.2 (CH), 125.0 (C), 124.5 (C), 122.6 

(CH), 121.5 (CH), 120.6 (C), 109.2 (CH), 107.3 (CH), 78.9 (C), 64.0 (C), 56.9 (CH2), 49.1 (CH), 35.3 (NCH3), 34.6 

(CH2), 12.4 (CH3). MS (GC, 70eV): m/z (%) = 501 (M+, 1), 329 (27), 327 (27), 174 (100), 159 (24). HRMS (ESI): 

calcd for C27H25BrN3O2 (M+H) 502.1130, found 502.1133. 

(3R*,3″S*,4′R*)-1′-Methyl-4′-(4-methylphenyl)-1″-phenyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-2,2″-

(1H,1″H)-dione (8j). Pale yellow solid, yield 90% (437 mg); mp 227-228 oC. IR (KBr, ν, cm-1): 3263 (m), 1721 (s), 

1703 (s). 1H NMR (500 MHz, CDCl3): δ 8.11 (s, 1H, NH), 7.52 (d, J 7.5 Hz, 1H, Ar-H), 7.40 (t, J 7.5 Hz, 2H, Ar-H), 

7.34 (t, J 7.3 Hz, 1H, Ar-H), 7.15-7.22 (m, 3H, Ar-H), 6.94-7.02 (m, 5H, Ar-H), 6.79-6.82 (m, 2H, Ar-H), 6.59 (d, J 

7.6 Hz, 1H, Ar-H), 6.45-6.48 (m, 1H, Ar-H), 6.28 (d, J 8.0 Hz, 1H, Ar-H), 4.53-4.60 (m, 1H, CH), 3.71-3.74 (m, 2H, 

CH2), 2.34 (s, 3H, NMe), 2.24 (s, 3H, Me). 13C NMR (125 MHz, CDCl3): δ 181.5 (C, N-C=O), 178.1 (C, N-C=O), 

144.5 (C), 142.3 (C), 136.5 (C), 135.0 (C), 134.8 (C), 129.9 (CH), 129.8 (CH), 129.7 (CH), 129.1 (CH), 129.0 (CH), 

128.5 (CH), 128.3 (CH), 127.8 (CH), 127.6 (CH), 125.5 (C), 124.9 (C), 122.9 (CH), 122.2 (CH), 109.7 (CH), 108.6 

(CH), 79.8 (C), 65.1 (C), 57.3 (CH2), 49.8 (NCH3), 35.8 (CH), 21.5 (CH3). MS (GC, 70eV): m/z (%) = 485 (M+, 1), 

312 (22), 311 (100), 310 (51), 174 (90). HRMS (ESI): calcd for C32H28N3O2 (M+H) 486.217, found 486.2180. 

(3R*,3″S*,4′R*)-4′-(4-Methoxyphenyl)-1′-methyl-1″-phenyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8k). Bold yellow solid, yield 86% (431 mg); mp 215-217 oC. IR (KBr, ν, cm-1): 3235 (m), 

1712 (s), 1696 (s), 1609 (m), 1511 (m). 1H NMR (500 MHz, CDCl3): δ 7.64 (s, 1H, Ar-H), 7.56 (d, J 7.5 Hz, 1H, Ar-

H), 7.45 (t, J 7.3 Hz ,2H, Ar-H), 7.37-7.40 (m, 1H, Ar-H), 7.27-7.30 (m, 2H, Ar-H), 7.21 (t, J 7.5 Hz, 1H, Ar-H), 

7.00-7.04 (m, 3H, Ar-H), 6.85-6.90 (m, 2H, Ar-H), 6.75 (d, J 8.6 Hz, 2H, Ar-H), 6.63 (d, J 7.6 Hz, 1H, Ar-H), 6.56 (t, 

J 7.6 Hz, 1H, Ar-H), 6.34 (d, J 7.7 Hz, 1H, Ar-H), 4.60 (dd, J 9.2, 8.7 Hz, 1H, CH2), 4.52 (dd, J 9.3, 9.2 Hz, 1H, CH2), 

3.77-3.80 (m, 4H, OMe, CH), 2.38 (s, 3H, NCH3). 13C NMR (125 MHz, CDCl3): δ 178.0 (C, N-C=O), 177.1 (C, N-

C=O), 158.7 (C), 144.4 (C), 142.0 (C), 134.9 (C), 130.9 (CH), 130.2 (C), 129.9 (CH), 129.7 (CH), 129.0 (CH), 128.4 

(CH), 128.3 (CH), 127.9 (CH), 127.6 (CH), 125.6 (C), 124.9 (C), 123.0 (CH), 122.3 (CH), 113.8 (CH), 109.6 (CH), 

108.6 (CH), 79.8 (C), 65.1 (C), 57.6 (CH2), 55.4 (OCH3), 49.5 (CH), 35.8 (NCH3). MS (GC, 70eV): m/z (%) = 501 

(M+, 2), 328 (47), 327 (100), 326 (57), 284 (29), 174 (99). HRMS (ESI): calcd for C32H28N3O3 (M+H) 502.2125, 

found 502.2121. 

(3R*,3″S*,4′R*)-4′-(4-Chlorophenyl)-1′-methyl-1″-phenyldispiro[indole-3,2′-pyrrolidine-3′,3″-indole]-

2,2″(1H,1″H)-dione (8l). Pale gray solid, yield 94% (476 mg); mp 214-216 oC. IR (KBr, ν, cm-1): 3245 (m), 1708 

(s), 1688 (s), 1608 (m), 1493 (m). 1H NMR (500 MHz, CDCl3): δ 8.12 (s, 1H, NH), 7.42 (d, J 7.4 Hz, 1H, Ar-H), 7.33 

(t, J 7.3 Hz, 2H, Ar-H), 7.28 (d, J 7.3 Hz, 1H, Ar-H), 7.19 (d, J 7.8 Hz, 2H, Ar-H), 7.07-7.12 (m, 3H, Ar-H), 6.87-6.92 

(m, 3H, Ar-H), 6.77 (t, J 7.4 Hz, 1H, Ar-H), 6.68 (d, J 7.2 Hz, 1H, Ar-H), 6.51 (d, J 7.7 Hz, 1H, Ar-H), 6.39 (t, J 7.6 

Hz, 1H, Ar-H), 6.23 (d, J 7.8 Hz, 1H, Ar-H), 4.40-4.48 (m, 2H, CH2), 3.60-3.67 (m, 1H, CH), 2.25 (s, 3H, NMe). 13C 

NMR (125 MHz, CDCl3): δ 182.0 (C, N-C=O), 178.0 (C, N-C=O), 144.5 (C), 142.3(C) , 136.9 (C), 134.7 (C), 133.0 

(C), 131.3 (CH), 130.1 (CH), 129.8 (CH), 128.8 (CH), 128.7 (CH), 128.6 (CH), 128.5 (CH), 127.7 (CH), 127.5 (CH), 

125.3 (C), 124.5 (C), 123.0 (CH), 122.4 (CH), 109.8 (CH), 108.8 (CH), 79.8 (C), 64.9 (C), 57.3(CH2), 49.5(CH), 

35.7(NCH3). MS (GC, 70eV): m/z (%) = 505 (M+, 1), 331 (79), 267 (35), 220 (46), 175 (32), 174 (100). HRMS (ESI): 

calcd for C31H25N3O2 (M+H) 506.1629, found 506.1627. 
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