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Abstract – An efficient base-catalyzed diastereoselective [3+2] cyclization of 

isatin-derived azomethine ylides with methyleneindolinones was developed. The 

process enables efficient incorporation of CF3 groups into highly functionalized 

3,3’-pyrrolidinyl-dispirooxindoles bearing four contiguous chiral centers, 

including two adjacent spiro quaternary stereocenters, with high yields and 

diastereoselectivities.

INTRODUCTION 

Spirooxindole is a privileged skeleton frequently existing in many natural products and bioactive 

compounds.1 Among various spirocyclic oxindoles, the 3,3’-pyrrolidinyl-spirooxindoles2 are one of the 

most valuable synthetic targets because of their remarkable biological and pharmacological activities, 

such as anticancer agents spirotryprostatin A,3 strychnofoline,4 and MI-2195 (Figure 1, top). As a result, 

considerable efforts have been devoted to the construction of structurally diverse functionalized 

pyrrolidinyl-spirooxindoles.6 Recently, 3,3’-pyrrolidinyl-dispirooxindoles such as A-C have been 

demonstrated to exhibit promising bioactivities, including anticancer, antifungal, and antimicrobial 

activities (Figure 1, bottom).7 However, synthetic methods for these complex dispirooxindoles have less 

been studied, probably because of the challenges associated with the assembly of this structurally 

congested and rigid spiroarchitecture containing multiple contiguous stereogenic centers.8-10 
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On the other hand, it is well known that the incorporation of trifluoromethyl groups into bioactive 

molecules can bring positive effects, such as enhanced binding affinity, lipophilicity, metabolic stability, 

bioavailability and other properties.11 Thus, great efforts have been devoted to the synthesis of 

functionalized molecules with CF3-containing moieties. 

Figure 1. Representative examples of biologically active pyrrolidinyl-spirooxindole derivatives 

Given the importance of both the 3,3’-pyrrolidinyl-dispirooxindoles and CF3-containing moieties, herein 

we report the incorporation of trifluoromethyl groups into 3,3’-pyrrolidinyl-dispirooxindoles via 

1,3-dipolar cycloaddition reactions. As we know, the catalytic 1,3-dipolar [3+2] cycloaddition of 

azomethine ylide with activated alkenes has served as one of the most efficient ways to construct 

pyrrolidine skeleton.12 Recently, Wang and coworkers developed a new kind of CF3-containing 

azomethine ylides obtained from the condensation of trifluoroethylamine and isatins.13 As a continuation 

of our research interest in construction of spirocyclic oxindoles, we envisioned that CF3-containing 

dispirooxindole skeletons could be constructed by the 1,3-dipolar cycloaddition reactions between 

rationally designed isatin-derived CF3-containing azomethine ylides with methyleneindolinones.14 

RESULTS AND DISCUSSIONS 

Initially, we examined the base-catalyzed reaction employing N-2,2,2-trifluoroethylisatin ketimine 1a and 

methyleneindolinone 2a as the substrates in dichloromethane at room temperature. In the presence of 10 

mol% Et3N, the desired 3,3’-pyrrolidinyl-dispirooxindoles 3a was obtained in 96% yield, albeit with only 

3:1 diastereomeric ratio (dr) (Table 1, entry 1). Encouraged by this, various bases (including DABCO, 

DIPEA, DBU, K2CO3 and Cs2CO3) were evaluated, and we found that Et3N was the best choice of base 
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(Table 1, entries 2−6). Moreover, evaluation of different solvents (including toluene, THF, MeOH, CHCl3 

and DCE) indicated that CHCl3 was the optimal solvent which can improve the diastereoselectivity to 4:1 

(Table 1, entries 7−11). In addition, whether the catalyst loading was lowered to 5 mol% or increased to 

20 mol%, the yield and diastereoselectivity of the product was not further improved, indicating that 10 

mol% of Et3N was the best choice (Table 1, entries 12−13). 

 

Table 1. Optimization of the reaction conditions[a] 

 

Entry Cat. Solvent Time [h] Yield [%][b] dr (3a/3a’)[c] 

1 Et3N CH2Cl2 3 96 3:1 

2 DIPEA CH2Cl2 5 89 2:1 

3 DBU CH2Cl2 4 93 2:1 

4 DABCO CH2Cl2 5 89 1:1 

5 K2CO3 CH2Cl2 7 96 1:1 

6 Cs2CO3 CH2Cl2 4 90 1:1 

7 Et3N toluene 8 82 1:1 

8 Et3N THF 3 87 1:1 

9 Et3N MeOH 2 70 1:1 

10 Et3N CHCl3 3 98 4:1 

11 Et3N DCE 3 95 2:1 

12[d] Et3N CHCl3 3 96 3:1 

13[e] Et3N CHCl3 5 85 2:1 

[a] Unless otherwise specified, all reactions were carried out with catalyst (10 mol%), 1a (0.20 

mmol) and 2a (0.30 mmol) in the indicated solvent (2.0 mL) at room temperature. [b] Isolated 

yields of diastereomeric mixture. [c] Determined by 1H NMR analysis of the crude products.  
[d] 5 mol% catalyst was used. [e] 20 mol% catalyst was used. 

 

With the optimal conditions established in entry 10 of Table 1, we then examined the substrate scope. 

First, various ketimines 1 derived from different isatines were investigated. As shown in Table 2, the 

reaction showed excellent functional group tolerance, and a variety of 3,3’-pyrrolidinyl-dispirooxindoles 

3a−3l was obtained in high yields and diastereoselectivities. The ketimines bearing electron-donating and 

electron-withdrawing groups at the 5-position are well suitable substrates, leading to the selective 
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synthesis of dispirooxindoles in high yields and diastereoselectivities (3a−3g). Besides, the position of the 

substituent had an obvious effect on the diastereoselectivity. For example, ketimine bearing the chloro 

group substituted at C-4 position was superior to the C-6 and C-7 substituted counterpart in 

diastereoselective control (3h vs 3i−j). Moreover, the outcome of the reaction did not depend much on the 

protecting groups at the N1 position. The ketimine substrates with Bn-, Boc- groups or without protection 

on the nitrogen resulted in the corresponding products 3k, 3l and 3m in high yields and 

diastereoselectivites. 

 

Table 2. Substrate scope of ketimines 1[a] 

 
 

 
 
[a] Unless otherwise specified, all reactions were carried out with catalyst (10 mol%), 1a (0.20 mmol) and 

2a (0.30 mmol) in the indicated solvent (2.0 mL) at room temperature. [b] Isolated yields of diastereomeric 

mixture. [c] Determined by 1H NMR analysis of the crude products. [d] 5 mol% catalyst was used. [e] 20 

mol% catalyst was used. 
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We next investigated the reaction of ketimine 1a with various methyleneindolinones. As shown in Table 

3, the methyleneindolinones 2 with electron-withdrawing group (F-, Cl-, Br- and -NO2) or 

electron-donating substituents (Me- and MeO-) on the indolinone backbone underwent the reaction 

efficiently, giving high yields (86−98%) and good diastereoselectivities (3:1−4:1 dr). Besides, we 

examined the effect of the substituents at the N1-position of methyleneindolinone 2. The substrate bearing 

 

Table 3. Substrate scope of methyleneindolinones 2[a] 

 
 

 
 
[a] Reaction conditions: all reactions were carried out with catalyst (10 mol%), 1a (0.20 mmol) and 2 (0.30 

mmol) in CHCl3 (2.0 mL) at room temperature. The isolated yields of diastereomeric mixture were 

determined after column chromatography. The dr value was determined by 1H NMR analysis of the crude 

product. [b] No reaction occurred. 
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N-Bn and N-Boc resulted in the corresponding products 3v and 3w respectively in high yields and 

diastereoselectivites. In contrast, the substrate without protecting group on the nitrogen resulted in the 

corresponding products 3x in moderate diastereoselectivity. In addition, the cyano-substituted 

methyleneindoliones was also tolerant in the catalytic system to afford the cycloadduct 3y in 90% yield 

with 10:1 dr. However, no desired product 3z was obtained when the phenyl-substituted 

methyleneindolinone served as substrates, due to its relatively lower reactivity. 

To determine the relative configuration of the products, a single crystal of compound 3p was obtained for 

X-ray crystallographic analysis (Figure 2).15 The relative configurations of other products were 

determined by analogy to 3p. 

Figure 2. X-Ray crystal structure of compound 3p 

In conclusion, we have developed an efficient base-catalyzed diastereoselective [3+2] cyclization reaction 

of isatin-derived azomethine ylides with methyleneindolinones. The process enables efficient 

incorporation of CF3 groups into highly functionalized 3,3’-pyrrolidinyl-dispirooxindoles bearing four 

contiguous chiral centers, including two adjacent spiro quaternary stereocenters, with high yields and 

moderate diastereoselectivities. We expect that this method would be of great importance for the drug 

discovery in terms of the structure diversity of CF3-containing 3,3’-pyrrolidinyl-dispirooxindoles. 

EXPERIMENTAL 

General Methods for Procedure of Synthesis 

All reactions were carried out in oven dry reaction vessel unless otherwise noted and solvents were dried 

according to established procedures. Reactions were monitored by thin layer chromatography (TLC). 

Purification of reaction products was carried out by flash chromatography using Qing Dao Sea Chemical 

Reagent silica gel (200-300 mesh). 1H, 13C and 19F NMR spectra were recorded on Bruker 400MHz 

spectrometer in CDCl3 unless otherwise noted. Chemical shifts in 1H NMR spectra are reported in parts 

per million (ppm, δ) downfield from the internal standard Me4Si (TMS, δ = 0 ppm). Chemical shifts in 
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13C NMR spectra are reported relative to the central line of the chloroform signal (δ = 77.0 ppm). Data are 

presented as follows: chemical shift, integration, multiplicity (br = broad, s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet, cm = complex multiplet) and coupling constant in Hertz (Hz). High 

resolution mass spectra were obtained with a Shimadzu LCMS-IT-TOF mass spectrometer. 

 

General Procedure for Syntheses of the N-(2,2,2-Trifluoroethyl) Isatin-derived Imines 

Isatin (10 mmol), 2,2,2-trifluoroethylamine hydrochloride (15 mmol) and p-toluenesulfonic acid (0.5 

mmol) were suspended in toluene (10 mL) in a two-neck flask with a water separator and a condenser. 

The mixture was then heated to separate the water until complete disappearance of the starting materials. 

After cooling to room temperature, the mixture was washed with a small quantity of saturated NaHCO3 

solution and dried by Na2SO4, After evaporation of the organic solvent, the crude residue was purified by 

flash chromatography (silica gel, hexane/EtOAc) and afforded the resulting ketimine. 

A 100 mL round-bottomed flask containing a magnetic stirring bar was charged with ketimine (1.60 g, 

7.01 mmol), DMAP (122.2 mg, 10 mol%) and MeCN (30 mL) was added via syringe. To the mixture was 

then added a solution of (Boc)2O (1.84 g, 8.41 mmol) in MeCN (10 mL) dropwise via syringe over 30 

min, and the reaction was allowed to stir at room temperature for 18 h. The solvent was then removed in 

vacuo and the residue obtained was purified by flash column chromatography, eluting from 100% 

hexanes to 20% EtOAc in hexanes, to give the product as a yellow solid. 

General Procedure for the Synthesis of 3a 

To a stirred solution of 1a (0.2 mmol) and 2a (0.3 mmol) in CHCl3 (2.0 mL) was added catalyst Et3N (10 

mol%) at room temperature. After the reaction was completed (monitored by TLC), the solution was 

concentrated under reduced pressure and the residue was subjected to column chromatography (eluted 

with hexane/EtOAc) to afford the desired product 3a in 98% yield as a yellow solid; Mp 165.3-166.2 oC; 

1H NMR (400 MHz, CDCl3) δ: 7.49 (d, J = 7.5 Hz, 1H), 7.25–7.13 (m, 3H), 7.01–6.87 (m, 2H), 6.59 (d, J 

= 7.7 Hz, 1H), 6.52 (d, J = 7.7 Hz, 1H), 5.69 (dd, J = 16.6, 8.1 Hz, 1H), 3.95 (td, J = 14.1, 7.0 Hz, 1H), 

3.89–3.77 (m, 2H), 3.25 (d, J = 10.3 Hz, 1H), 3.01 (s, 3H), 2.89 (s, 3H), 0.80 (t, J = 7.1 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ: 177.57, 175.20, 168.52, 144.24, 130.68, 129.61, 126.03, 125.55 (q, JC = 

279.2 Hz), 123.78, 122.90, 122.64, 108.30, 74.91, 61.84, 61.34 (q, JCF = 30.3 Hz), 52.12, 26.46, 25.87, 

13.90; 19F NMR (376 MHz, CDCl3) δ: –73.71 (s); HRMS (ESI): m/z [M+H]+ calcd. for [C24H23F3N3O4]
+: 

474.1635, found: 474.1643. 

Compound 3b: The product 3b was obtained in 98% yield as a yellow solid; Mp 181.6-182.5 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.31 (s, 1H), 7.23–7.14 (m, 2H), 6.99 (d, J = 7.8 Hz, 1H), 6.91 (t, J = 7.6 Hz, 

1H), 6.58 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 7.9 Hz, 1H), 5.75–5.63 (m, 1H), 3.94 (ddd, J = 14.3, 8.9, 5.4 

Hz, 1H), 3.87–3.77 (m, 2H), 3.20 (d, J = 10.5 Hz, 1H), 3.01 (s, 3H), 2.86 (s, 3H), 2.27 (s, 3H), 0.80 (t, J = 
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7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.60, 175.12, 168.55, 144.11, 141.86, 132.52, 130.82, 

129.53, 125.58 (q, JCF = 279.0 Hz), 123.72, 122.58, 108.27, 107.96, 74.98, 61.80, 61.29 (q, JCF = 30.4 

Hz), 51.90, 26.36, 25.85, 21.26, 13.89; 19F NMR (376 MHz, CDCl3) δ: –73.71; HRMS (ESI): m/z 

[M+H]+ calcd. for [C25H25F3N3O4]
+: 488.1792, found: 488.1802. 

Compound 3c: The product 3c was obtained in 94% yield as a yellow solid; Mp 185.5-186.9 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.25–7.13 (m, 3H), 6.93 (d, J = 7.7 Hz, 1H), 6.73 (dd, J = 8.5, 2.5 Hz, 1H), 

6.60 (d, J = 7.8 Hz, 1H), 6.42 (d, J = 8.5 Hz, 1H), 5.69 (dd, J = 17.1, 7.9 Hz, 1H), 3.92 (d, J = 7.2 Hz, 1H), 

3.83 (dd, J = 12.6, 6.0 Hz, 2H), 3.76 (s, 3H), 3.26–3.18 (m, 1H), 3.04 (s, 3H), 2.87 (s, 3H), 0.80 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.58, 174.98, 168.47, 156.28, 144.14, 137.66, 129.60, 126.16, 

125.57 (q, JC = 279.1 Hz), 123.82, 122.69, 116.10, 112.02, 108.80, 108.30, 75.04, 61.81, 61.30 (q, JCF = 

30.4 Hz), 61.26, 56.32, 52.15, 26.52, 25.96, 13.91; 19F NMR (376 MHz, CDCl3) δ: –73.70; HRMS (ESI): 

m/z [M+H]+ calcd. for [C25H25F3N3O5]
+: 504.1741, found: 504.1746. 

Compound 3d: The product 3d was obtained in 96% yield as a white solid; Mp 200.7-201.9 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.31 (dd, J = 8.6, 2.5 Hz, 1H), 7.21 (dd, J = 12.7, 7.7 Hz, 2H), 6.92 (ddd, J = 11.2, 

8.0, 2.8 Hz, 2H), 6.63 (d, J = 7.8 Hz, 1H), 6.46 (dd, J = 8.5, 4.1 Hz, 1H), 5.65 (d, J = 8.5 Hz, 1H), 3.93 

(dq, J = 10.8, 7.1 Hz, 1H), 3.87–3.75 (m, 2H), 3.19 (d, J = 10.2 Hz, 1H), 3.05 (s, 3H), 2.89 (s, 3H), 0.79 (t, 

J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.16, 175.04, 168.29, 160.50, 158.10, 144.10 (d, JCF = 

1.9 Hz), 140.25, 129.80, 125.57 (q, JCF = 279.1 Hz), 123.51 (d, JCF = 7.8 Hz), 122.76, 116.81 (d, JCF = 

23.4 Hz), 113.79, 108.79 (d, JCF = 26.3 Hz), 108.43 (d, JCF = 7.8 Hz), 74.61, 61.67, 61.40, 61.00 (q, JCF = 

30.5 Hz), 60.75, 52.03 (d, JCF = 1.5 Hz), 26.55, 26.04 (d, JCF = 8.2 Hz), 13.85; 19F NMR (376 MHz, 

CDCl3) δ: –73.81, –119.59; HRMS (ESI): m/z [M+H]+ calcd. for [C24H22F4N3O4]
+: 492.1541, found: 

492.1544. 

Compound 3e: The product 3e was obtained in 94% yield as a white solid; Mp 200.3-201.5 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.52 (d, J = 2.0 Hz, 1H), 7.22–7.15 (m, 3H), 6.92 (t, J = 7.7 Hz, 1H), 6.62 (d, J = 

8.0 Hz, 1H), 6.45 (d, J = 8.3 Hz, 1H), 5.72–5.58 (m, 1H), 3.94 (ddd, J = 14.3, 8.9, 5.4 Hz, 1H), 3.89–3.76 

(m, 2H), 3.19 (d, J = 10.1 Hz, 1H), 3.05 (s, 3H), 2.88 (s, 3H), 0.80 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ: 177.13, 174.83, 168.28, 144.03, 142.78, 130.54, 129.81, 128.43, 125.94, 125.41 (q, JC = 

279.0 Hz), 123.36, 122.70, 109.21, 108.46, 74.54, 61.65, 61.35 (q, JCF = 30.3 Hz), 60.74, 51.72, 26.45, 

25.96, 13.82; 19F NMR (376 MHz, CDCl3) δ: –73.79; HRMS (ESI): m/z [M+H]+ calcd. for 

[C24H22ClF3N3O4]
+: 508.1245, found: 508.1239. 

Compound 3f: The product 3f was obtained in 96% yield as a white solid; Mp 218.8-220.1 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.64 (d, J = 1.8 Hz, 1H), 7.33 (dd, J = 8.3, 1.8 Hz, 1H), 7.19 (t, J = 7.8 Hz, 2H), 

6.92 (t, J = 7.6 Hz, 1H), 6.62 (d, J = 7.7 Hz, 1H), 6.40 (d, J = 8.3 Hz, 1H), 5.72–5.60 (m, 1H), 3.95 (dq, J 

= 10.8, 7.1 Hz, 1H), 3.89–3.76 (m, 2H), 3.18 (d, J = 10.1 Hz, 1H), 3.06 (s, 3H), 2.87 (s, 3H), 0.80 (t, J = 
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7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.20, 174.75, 168.35, 144.08, 143.31, 133.51, 129.82, 

128.72, 125.98, 125.43 (q, JCF = 279.1 Hz), 123.41, 122.73, 115.63, 109.70, 108.49, 74.58, 61.72, 61.44, 

61.13, 60.97 (q, JCF = 30.7 Hz), 51.69, 26.50, 25.99, 13.89; 19F NMR (376 MHz, CDCl3) δ: –73.78; 

HRMS (ESI): m/z [M+Na]+ calcd. for [C24H21BrF3N3NaO4]
+: 574.0560, found: 574.0559. 

Compound 3g: The product 3g was obtained in 89% yield as a yellow solid; Mp 222.4-222.9 oC; 1H 

NMR (400 MHz, CDCl3) δ: 8.43 (s, 1H), 8.20 (d, J = 8.1 Hz, 1H), 7.25–7.16 (m, 2H), 6.95 (t, J = 7.6 Hz, 

1H), 6.69–6.61 (m, 2H), 5.59 (d, J = 7.3 Hz, 1H), 3.99–3.87 (m, 2H), 3.80 (dd, J = 10.7, 7.2 Hz, 1H), 3.33 

(d, J = 10.2 Hz, 1H), 3.03 (s, 3H), 2.98 (s, 3H), 0.79 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 

176.56, 175.32, 168.05, 149.71, 144.00, 143.74, 130.15, 127.60, 126.03, 125.31 (q, JCF = 279.1 Hz), 

123.00, 121.82, 108.73, 108.11, 73.98, 61.56, 61.29 (q, JCF = 30.8 Hz), 52.01, 26.56, 13.85; 19F NMR 

(376 MHz, CDCl3) δ: –73.72; HRMS (ESI): m/z [M+H]+ calcd. for [C24H22F3N4O6]
+: 519.1486, found: 

519.1485. 

Compound 3h: The product 3h was obtained in 95% yield as a yellow solid; Mp 177.9-178.8 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.29 (d, J = 7.6 Hz, 1H), 7.22 (t, J = 7.7 Hz, 1H), 7.12 (t, J = 8.0 Hz, 1H), 

6.97 (dd, J = 7.9, 4.8 Hz, 2H), 6.62 (d, J = 7.8 Hz, 1H), 6.42 (d, J = 7.7 Hz, 1H), 5.30 (d, J = 6.1 Hz, 1H), 

4.25 (d, J = 10.2 Hz, 1H), 3.81–3.70 (m, 2H), 3.44 (d, J = 9.4 Hz, 1H), 2.91 (s, 3H), 2.66 (s, 3H), 0.71 (t, 

J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 176.88, 174.94, 167.68, 144.97, 143.84, 133.47, 130.98, 

129.75, 127.31, 125.33 (q, JCF = 279.0 Hz), 124.60, 123.45, 121.80, 107.64, 106.52, 64.21, 62.79, 62.48 

(q, JCF = 30.8 Hz), 62.18, 61.16, 52.34, 26.66, 26.28, 13.66; 19F NMR (376 MHz,CDCl3) δ: –72.91; 

HRMS (ESI): m/z [M+H]+ calcd. for [C24H22ClF3N3O4]
+: 508.1245, found: 508.1237. 

Compound 3i: The product 3i was obtained in 96% yield as a white solid; Mp 205.1-205.8 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.41 (d, J = 8.2 Hz, 1H), 7.20 (t, J = 7.6 Hz, 2H), 6.93 (t, J = 7.8 Hz, 2H), 6.63 (d, J 

= 7.9 Hz, 1H), 6.53 (s, 1H), 5.64 (d, J = 7.5 Hz, 1H), 3.98–3.88 (m, 1H), 3.80 (ddd, J = 14.3, 12.7, 7.7 Hz, 

2H), 3.18 (d, J = 10.2 Hz, 1H), 3.03 (s, 3H), 2.87 (s, 3H), 0.78 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ: 177.34, 175.26, 168.36, 145.58, 144.14, 136.69, 129.84, 126.68, 125.45 (q, JCF = 279.3 Hz), 

123.58, 122.80, 122.33, 109.11, 108.54, 74.43, 61.69, 61.32 (q, JCF = 30.4 Hz), 52.10, 30.03, 26.58, 26.05, 

13.90; 19F NMR (376 MHz, CDCl3) δ: –73.81; HRMS (ESI): m/z [M+H]+ calcd. for [C24H22ClF3N3O4]
+: 

508.1245, found: 508.1234. 

Compound 3j: The product 3j was obtained in 95% yield as a yellow solid; Mp 156.4-157.5 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.43 (d, J = 7.6 Hz, 1H), 7.20 (dd, J = 12.2, 7.8 Hz, 2H), 7.13 (d, J = 8.2 Hz, 

1H), 6.95 (t, J = 7.6 Hz, 1H), 6.88 (t, J = 7.9 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 5.64 (d, J = 7.2 Hz, 1H), 

3.98–3.90 (m, 1H), 3.89–3.75 (m, 2H), 3.25 (s, 3H), 3.12 (d, J = 9.9 Hz, 1H), 3.00 (s, 3H), 0.79 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.09, 175.80, 168.36, 144.08, 140.16, 133.01, 129.90, 126.93, 

126.10, 125.48 (q, JCF = 279.1 Hz), 123.55, 122.79, 115.52, 108.50, 74.22, 62.03, 61.42, 60.93 (q, JCF = 
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30.8 Hz), 51.90, 29.36, 26.55, 13.90; 19F NMR (376 MHz, CDCl3) δ: –73.89; HRMS (ESI): m/z [M+H]+ 

calcd. for [C24H22ClF3N3O4]
+: 508.1245, found: 508.1236. 

Compound 3k: The product 3k was obtained in 90% yield as a white solid; Mp 170.6-171.9 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.55 (d, J = 7.6 Hz, 1H), 7.28–7.07 (m, 6H), 6.96 (d, J = 7.6 Hz, 1H), 6.88 (d, J = 

7.7 Hz, 1H), 6.74 (d, J = 7.2 Hz, 2H), 6.66 (d, J = 7.8 Hz, 1H), 6.36 (d, J = 7.8 Hz, 1H), 5.67 (dd, J = 16.4, 

9.1 Hz, 1H), 5.00 (t, J = 13.0 Hz, 1H), 4.33 (d, J = 16.0 Hz, 1H), 3.98–3.88 (m, 2H), 3.81 (dq, J = 10.8, 

7.2 Hz, 1H), 3.24 (d, J = 10.4 Hz, 1H), 3.02 (s, 3H), 0.79 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ: 177.51, 175.28, 168.49, 144.32, 143.71, 135.12, 130.65, 129.56, 128.92, 127.69, 127.15, 

126.77, 125.35 (q, JCF = 279.1 Hz), 124.11, 123.09, 74.84, 62.48 (q, JCF = 30.6 Hz), 61.38, 61.10, 52.43, 

43.77, 26.58, 13.90; 19F NMR (376 MHz, CDCl3) δ: –73.74; HRMS (ESI): m/z [M+H]+ calcd. for 

[C30H27F3N3O4]
+: 550.1948, found: 550.1950. 

Compound 3l: The product 3l was obtained in 88% yield as a yellow solid; Mp 215.6-216.4 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.71 (d, J = 8.2 Hz, 1H), 7.49 (d, J = 7.3 Hz, 1H), 7.30 (td, J = 7.8, 0.9 Hz, 1H), 

7.18–7.12 (m, 2H), 6.71–6.61 (m, 3H), 5.04–4.77 (m, 2H), 3.81 (dq, J = 10.8, 7.1 Hz, 1H), 3.68 (dq, J = 

10.8, 7.1 Hz, 1H), 2.98 (s, 3H), 2.71 (d, J = 5.3 Hz, 1H), 1.66 (s, 9H), 0.69 (t, J = 7.1 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ: 174.38, 171.56, 167.85, 149.53, 144.26, 140.44, 130.61, 130.35, 127.05, 126.04, 

125.21 (q, JCF = 279.2 Hz), 124.69, 124.25, 123.53, 122.97, 122.52, 115.06, 108.63, 84.59, 72.56, 64.10, 

61.35, 60.81, 60.66, 60.33 (q, JCF = 30.6 Hz), 49.95, 28.47, 26.84, 13.85; 19F NMR (376 MHz, CDCl3) δ: 

–71.10; HRMS (ESI): m/z [M+H]+ calcd. for [C28H29F3N3O6]
+: 560.2003, found: 560.1993. 

Compound 3m: The product 3m was obtained in 90% yield as a yellow solid; Mp 136.5-137.3 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.99 (s, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.25–7.10 (m, 3H), 6.92 (dt, J = 21.0, 

7.7 Hz, 2H), 6.66–6.59 (m, 2H), 5.59 (d, J = 7.2 Hz, 1H), 3.90 (ddd, J = 10.9, 9.7, 5.6 Hz, 2H), 3.77 (dq, 

J = 10.7, 7.2 Hz, 1H), 3.20 (d, J = 10.2 Hz, 1H), 3.02 (s, 3H), 0.76 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ: 177.36, 168.55, 144.20, 141.45, 130.67, 129.73, 125.50 (q, JCF = 279.8 Hz), 124.54, 

123.74, 122.95, 110.23, 108.38, 75.05, 61.79, 61.37, 61.19 (q, JCF = 30.5 Hz), 52.18, 30.02, 26.57, 13.88; 

19F NMR (376 MHz, CDCl3) δ: –73.80; HRMS (ESI): m/z [M+H]+ calcd. for [C23H21F3N3O4]
+: 460.1479, 

found: 460.1487. 

Compound 3n: The product 3n was obtained in 95% yield as a yellow solid; Mp 176.6-177.9 oC; 1H 

NMR (400 MHz, CDCl3): δ: 7.47 (d, J = 7.7 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 7.05 (dd, J = 8.9, 2.5 Hz, 

1H), 6.98 (t, J = 7.6 Hz, 1H), 6.91 (td, J = 8.7, 2.6 Hz, 1H), 6.59–6.50 (m, 2H), 5.75–5.59 (m, 1H), 

4.04–3.90 (m, 2H), 3.86 (t, J = 9.2 Hz, 1H), 3.27 (d, J = 10.5 Hz, 1H), 3.01 (s, 3H), 2.95 (s, 3H), 0.89 (t, J 

= 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.38, 174.83, 168.23, 160.33, 157.94, 144.31, 140.20 (d, 

JCF = 2.1 Hz), 130.88, 125.45 (q, JCF = 279.1 Hz), 123.37 (d, JCF = 8.1 Hz), 123.08, 115.79, 114.19 (d, 

JCF = 23.4 Hz), 108.72 (d, JCF = 26.3 Hz), 108.45 (d, JCF = 7.8 Hz), 74.99, 61.54, 61.35 (q, JCF = 30.6 Hz), 
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60.90, 52.26 (d, JCF = 1.6 Hz), 26.61, 25.97 (d, JCF = 9.4 Hz), 13.99; 19F NMR (376 MHz, CDCl3) δ: 

–71.47, –120.08; HRMS (ESI): m/z [M+H]+ calcd. for [C24H22F4N3O4]
+: 492.1541, found: 492.1545. 

Compound 3o: The product 3o was obtained in 94% yield as a yellow solid; Mp 149.3-150.9 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.43 (d, J = 7.6 Hz, 1H), 7.25–7.13 (m, 3H), 6.97 (t, J = 7.7 Hz, 1H), 6.54 

(dd, J = 15.5, 8.1 Hz, 2H), 5.67 (dd, J = 17.5, 7.4 Hz, 1H), 4.04–3.93 (m, 2H), 3.82 (d, J = 8.3 Hz, 1H), 

3.30–3.21 (m, 1H), 3.00 (s, 3H), 2.95 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 

177.18, 174.91, 168.20, 144.28, 142.73, 130.91, 129.50, 128.27, 126.47, 125.46 (q, JCF = 279.0 Hz), 

125.29, 123.29, 123.06, 109.20, 108.49, 75.02, 61.61, 61.09 (q, JCF = 30.2 Hz), 60.94, 52.05, 30.02, 26.58, 

14.01; 19F NMR (376 MHz, CDCl3) δ: –73.62; HRMS (ESI): m/z [M+H]+ calcd. for [C24H22ClF3N3O4]
+: 

508.1245, found: 508.1232. 

Compound 3p: The product 3p was obtained in 95% yield as a white solid; Mp 144.4-145.1 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.43 (d, J = 7.6 Hz, 1H), 7.33 (dt, J = 9.9, 3.5 Hz, 2H), 7.22 (t, J = 7.7 Hz, 1H), 

6.96 (t, J = 7.6 Hz, 1H), 6.57 (dd, J = 13.4, 7.9 Hz, 1H), 6.47 (d, J = 8.3 Hz, 1H), 5.73–5.61 (m, 1H), 

4.03–3.94 (m, 2H), 3.81 (d, J = 8.2 Hz, 1H), 3.28–3.21 (m, 1H), 2.99 (s, 3H), 2.95 (s, 3H), 0.91 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.08, 174.95, 168.20, 144.29, 143.21, 132.43, 130.92, 129.17, 

125.85, 125.47 (q, JCF = 279.3 Hz), 123.27, 123.06, 115.42, 109.71, 108.50, 75.07, 61.42 (q, JCF = 30.4 

Hz), 61.27, 52.02, 30.03, 26.56, 25.92, 14.06; 19F NMR (376 MHz, CDCl3) δ: –73.62; HRMS (ESI): m/z 

[M+H]+ calcd. for [C24H22BrF3N3O4]
+: 552.0740, found: 552.0749. 

Compound 3q: The product 3q was obtained in 86% yield as a yellow solid; Mp 190.4-191.8 oC; 1H 

NMR (400 MHz, CDCl3) δ: 8.21–8.08 (m, 2H), 7.41 (d, J = 7.6 Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H), 6.99 (t, 

J = 7.6 Hz, 1H), 6.70 (d, J = 8.6 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H), 5.68 (d, J = 8.3 Hz, 1H), 4.12–3.93 (m, 

2H), 3.87 (d, J = 8.1 Hz, 1H), 3.24 (d, J = 10.0 Hz, 1H), 3.09 (s, 3H), 2.92 (s, 3H), 0.98 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ: 177.51, 174.75, 167.77, 149.59, 144.15, 143.52, 131.20, 126.54, 

125.37 (q, JCF = 279.0 Hz), 124.84, 123.21, 122.35, 108.76, 108.03, 74.89, 62.06, 61.43, 61.39 (q, JCF = 

30.3 Hz), 52.35, 26.97, 26.09, 14.11; 19F NMR (376 MHz, CDCl3) δ: –73.65; HRMS (ESI): m/z [M+H]+ 

calcd. for [C24H22F3N4O6]
+: 519.1486, found: 519.1487. 

Compound 3r: The product 3r was obtained in 98% yield as a white solid; Mp 170.7-171.2 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.47 (d, J = 7.6 Hz, 1H), 7.19 (t, J = 7.7 Hz, 1H), 7.04 (s, 1H), 6.95 (t, J = 7.9 Hz, 

2H), 6.52 (d, J = 7.8 Hz, 1H), 6.46 (d, J = 7.9 Hz, 1H), 5.68 (dt, J = 10.3, 7.8 Hz, 1H), 3.91 (ddd, J = 18.6, 

9.0, 3.6 Hz, 2H), 3.83 (d, J = 8.3 Hz, 1H), 3.27 (d, J = 10.6 Hz, 1H), 2.98 (s, 3H), 2.90 (s, 3H), 2.24 (s, 

3H), 0.81 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz,CDCl3) δ 176.15, 173.84, 167.24, 142.96, 140.46, 

130.86, 129.29, 128.45, 125.64, 125.29, 124.25 (q, JCF = 279.2 Hz), 122.44, 121.52, 106.91, 106.65, 

73.62, 60.56, 60.39 (q, JCF = 30.8 Hz), 59.95, 50.66, 28.68, 25.12, 24.47, 19.96, 12.55; 19F NMR (376 

MHz, CDCl3) δ: –73.63; HRMS (ESI): m/z [M+H]+ calcd. for [C25H25F3N3O4]
+: 488.1792, found: 
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488.1798. 

Compound 3s: The product 3s was obtained in 96% yield as a yellow solid; Mp 152.8-153.5 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.49 (d, J = 7.6 Hz, 1H), 7.20 (t, J = 7.7 Hz, 1H), 6.96 (t, J = 7.7 Hz, 1H), 

6.89 (d, J = 2.3 Hz, 1H), 6.72 (dd, J = 8.5, 2.4 Hz, 1H), 6.51 (dd, J = 18.6, 8.1 Hz, 2H), 5.74–5.62 (m, 

1H), 3.95 (d, J = 7.1 Hz, 1H), 3.87 (dd, J = 10.5, 7.8 Hz, 2H), 3.71 (s, 3H), 3.28 (d, J = 10.7 Hz, 1H), 

2.98 (s, 3H), 2.93 (s, 3H), 0.85 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 177.40, 175.04, 

168.48, 156.06, 144.34, 137.65, 130.70, 125.53 (q, JCF = 279.2 Hz), 124.89, 123.66, 122.96, 114.95, 

112.75, 108.70, 108.29, 75.01, 62.01, 61.09 (q, JCF = 30.5 Hz), 56.25, 52.32, 26.54, 25.92, 13.97; 19F 

NMR (376 MHz, CDCl3) δ: –73.62; HRMS (ESI): m/z [M+H]+ calcd. for [C25H25F3N3O5]
+: 504.1741, 

found: 504.1734. 

Compound 3t: The product 3t was obtained in 96% yield as a white solid; Mp 194.8-195.5 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.45 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.15 (d, J = 8.2 Hz, 1H), 6.97 (s, 

1H), 6.90 (dd, J = 8.2, 1.3 Hz, 1H), 6.62–6.54 (m, 2H), 5.65 (d, J = 8.9 Hz, 1H), 3.99 (dq, J = 10.7, 7.1 

Hz, 1H), 3.90–3.79 (m, 2H), 3.19 (d, J = 10.3 Hz, 1H), 2.99 (s, 3H), 2.92 (s, 3H), 0.88 (t, J = 7.1 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ: 176.56, 174.12, 167.31, 144.45, 143.30, 134.65, 129.92, 126.20, 124.46 

(q, JCF = 279.0 Hz), 122.54, 122.11, 121.38, 108.12, 107.56, 73.88, 60.51, 60.02 (q, JCF = 30.1 Hz), 51.20, 

29.04, 25.63, 25.00, 13.06; 19F NMR (376 MHz, CDCl3) δ: –73.77; HRMS (ESI): m/z [M+H]+ calcd. for 

[C24H22ClF3N3O4]
+: 508.1245, found: 508.1230. 

Compound 3u: The product 3u was obtained in 98% yield as a white solid; Mp 168.5-169.3 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.43 (d, J = 7.6 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H), 7.13 (dd, J = 16.4, 7.9 Hz, 2H), 

6.99 (s, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.57 (d, J = 7.7 Hz, 1H), 5.66 (dd, J = 16.3, 8.3 Hz, 1H), 4.06–3.92 

(m, 1H), 3.91–3.75 (m, 2H), 3.37 (s, 3H), 3.26 (d, J = 8.1 Hz, 1H), 2.89 (s, 3H), 0.86 (t, J = 7.1 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ: 177.90, 174.94, 168.29, 144.21, 140.13, 132.01, 130.96, 126.60, 125.45 

(q, JCF = 279.0 Hz), 124.73, 123.49, 123.16, 115.62, 108.54, 75.28, 61.55, 61.27, 61.11 (q, JCF = 30.5 Hz), 

52.55, 30.08, 25.97, 14.03; 19F NMR (376 MHz, CDCl3) δ: –73.69; HRMS (ESI): m/z [M+H]+ calcd. for 

[C24H22ClF3N3O4]
+: 508.1245, found: 508.1234. 

Compound 3v: The product 3v was obtained in 93% yield as a white solid; Mp 201.1-201.8 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.53 (d, J = 7.5 Hz, 1H), 7.34–7.15 (m, 5H), 7.06 (td, J = 7.7, 0.8 Hz, 1H), 6.91 (t, J 

= 7.4 Hz, 2H), 6.82 (d, J = 6.8 Hz, 2H), 6.59 (d, J = 7.8 Hz, 1H), 6.42 (d, J = 7.8 Hz, 1H), 5.81–5.62 (m, 

1H), 4.97–4.84 (m, 1H), 4.65 (d, J = 16.0 Hz, 1H), 3.99 (d, J = 8.8 Hz, 1H), 3.87 (dq, J = 10.8, 7.1 Hz, 

1H), 3.74 (dq, J = 10.7, 7.2 Hz, 1H), 3.18 (d, J = 10.0 Hz, 1H), 2.90 (s, 3H), 0.70 (t, J = 7.1 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ: 177.68, 175.76, 168.35, 144.39, 143.54, 135.12, 130.58, 129.63, 128.97, 

127.75, 127.00, 126.30, 124.24 (q, JCF = 278.6 Hz), 123.37, 122.73, 109.55, 108.35, 74.61, 61.86, 61.32 

(q, JCF = 30.3 Hz), 61.06, 53.25, 44.07, 26.01, 13.77; 19F NMR (376 MHz, CDCl3) δ: –73.89; HRMS 
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(ESI): m/z [M+H]+ calcd. for [C30H27F3N3O4]
+: 550.1948, found: 550.1952. 

Compound 3w: The product 3w was obtained in 94% yield as a yellow solid; Mp 210.2-210.9 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.62 (d, J = 8.1 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.26–7.18 (m, 3H), 6.99 

(dt, J = 18.1, 7.5 Hz, 2H), 6.53 (d, J = 7.8 Hz, 1H), 5.70 (d, J = 6.8 Hz, 1H), 3.95 (qd, J = 7.1, 3.6 Hz, 

2H), 3.85–3.75 (m, 1H), 3.03 (d, J = 9.5 Hz, 1H), 2.83 (s, 3H), 1.59 (s, 9H), 0.79 (t, J = 7.2 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ: 176.37, 175.22, 168.33, 148.67, 144.32, 140.16, 130.98, 129.85, 126.80, 

125.82, 125.59 (q, JCF = 279.0 Hz), 124.23, 124.02, 123.08, 122.70, 114.83, 108.44, 84.96, 75.81, 62.34, 

61.56, 61.33, 61.03 (q, JCF = 30.5 Hz), 52.04, 28.37, 25.92, 13.90; 19F NMR (376 MHz, CDCl3) δ: 

–73.98; HRMS (ESI): m/z [M+Na]+ calcd. for [C28H28F3N3NaO6]
+: 582.1822, found: 582.1801. 

Compound 3x: The product 3x was obtained in 88% yield as a yellow solid; Mp 189.0-190.0 oC; 1H 

NMR (400 MHz, CDCl3) δ: 7.95 (s, 1H), 7.57 (dd, J = 20.7, 7.7 Hz, 1H), 7.24 (dd, J = 14.8, 6.8 Hz, 2H), 

7.14 (t, J = 7.5 Hz, 1H), 6.94 (dt, J = 21.6, 7.5 Hz, 2H), 6.69 (d, J = 7.6 Hz, 1H), 6.56 (d, J = 7.7 Hz, 1H), 

5.68 (d, J = 7.3 Hz, 1H), 3.92 (dd, J = 14.9, 9.4 Hz, 2H), 3.87–3.73 (m, 1H), 3.14 (d, J = 9.7 Hz, 1H), 

2.92 (s, 3H), 0.79 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 179.28, 175.53, 168.37, 144.34, 

141.30, 130.72, 129.68, 126.61, 125.84 (q, JCF = 278.8 Hz), 124.43, 124.03, 123.23, 122.68, 110.05, 

108.37, 74.65, 62.07, 61.46, 61.25 (q, JCF = 30.4 Hz), 60.95, 52.37, 26.00, 13.88; 19F NMR (376 MHz, 

CDCl3) δ: –73.86; HRMS (ESI): m/z [M+H]+ calcd. for [C23H21F3N3O4]
+: 460.1479, found: 460.1481. 

Compound 3y: The product 3y was obtained in 90% yield as a white solid; Mp 222.4-222.9 oC; 1H NMR 

(400 MHz, CDCl3) δ: 7.66 (d, J = 7.7 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.25 (dd, J = 12.7, 4.8 Hz, 2H), 

7.09 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 6.58 (d, J = 7.8 Hz, 1H), 

5.55–5.42 (m, 1H), 3.83 (d, J = 7.0 Hz, 1H), 3.65 (d, J = 11.2 Hz, 1H), 3.07 (s, 3H), 3.00 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ: 176.64, 174.27, 144.49, 144.23, 131.28, 130.49, 127.07, 124.63 (q, JCF = 

279.6 Hz), 123.65, 123.33, 121.40, 117.25, 108.83, 75.57, 64.08 (q, JCF = 30.2 Hz), 59.61, 37.85, 26.48, 

25.96; 19F NMR (376 MHz, CDCl3) δ: –73.25; HRMS (ESI): m/z [M+H]+ calcd. for [C22H18F3N4O2]
+: 

427.1376, found: 427.1374. 

 

ACKNOWLEDGEMENTS 

The work was financially supported by National Natural Science Foundation of China (Nos. 21262008, 

21201046 and 21502240), Natural Science Foundation of Guangxi Province (Nos. 

2014GXNSFAA118142, 2015GXNSFAA139026, 2016JJA120011). 

 

REFERENCES AND NOTES 

1. For selected reviews, see: (a) M. Rottmann, Science, 2010, 329, 1175; (b) B. Yu, D. Q. Yu, and H. 

M. Liu, Eur. J. Med. Chem., 2015, 97, 673; (c) N. Ye, H. Chen, E. A. Wold, P. Y. Shi, and J. Zhou, 

HETEROCYCLES, Vol. 94, No. 5, 2017 891

http://dx.doi.org/10.1126/science.1193225
http://dx.doi.org/10.1016/j.ejmech.2014.06.056


 

ACS Infect. Dis., 2016, 2, 382; (d) J. J. Badillo, N. V. Hanhan, and A. K. Franz, Curr. Opin. Drug 

Discov. Dev., 2010, 13, 758. 

2. C. V. Galliford, K. A. Scheidt, C. V. Galliford, and K. A. Scheidt, Angew. Chem., 2007, 119, 8902; 

Angew. Chem. Int. Ed., 2007, 46, 8748. 

3. C. B. Cui, H. Kakeya, and H. Osada, Tetrahedron, 1996, 52, 12651. 

4. O. Dideberg, J. Lamotte-Brasseur, L. Dupont, H. Campsteyn, M. Vermeire, and L. Angenot, Acta 

Crystallogr. Sect. B., 1977, 33, 1796. 

5. S. Shangary, D. Qin, D. McEachern, M. Liu, R. S. Miller, S. Qiu, Z. Nikolovska-Coleska, K. Ding, 

G. Wang, J. Chen, D. Bernard, J. Zhang, Y. Lu, Q. Gu, R. B. Shah, K. J. Pienta, X. Ling, S. Kang, M.  

Guo, Y. Sun, D. Yang, and S. Wang, Proc. Natl. Acad. Sci. USA, 2008, 105, 3933. 

6. For reviews, see: (a) C. Marti and E. M. Carreira, Eur. J. Org. Chem., 2003, 2003, 2209; (b) B. M. 

Trost and M. K. Brennan, Synthesis, 2009, 3003; For selected examples, see: (c) X. H. Chen, Q. Wei, 

S. W. Luo, H. Xiao, and L. Z. Gong, J. Am. Chem. Soc., 2009, 131, 13819; (d) A. P. Antonchick, C. 

Gerding-Reimers, M. Catarinella, M. Schürmann, H. Preut, S. Ziegler, D. Rauh, and H. Waldmann, 

Nat. Chem., 2010, 2, 735; (e) L. Hong and R. Wang, Adv. Synth. Catal., 2013, 355, 1023. 

7. (a) Y. Arun, G. Bhaskar, C. Balachandran, S. Ignacimuthu, and P. T. Perumal, Bioorg. Med. Chem. 

Lett., 2013, 23, 1839; (b) A. V. Velikorodov, V. A. Ionova, O. V. Degtyarev, and L. T. Sukhenko, 

Pharm. Chem. J., 2013, 46, 715; (c) A. R. S. Babu, R. Raghunathan, N. Mathivanan, G. Omprabha, 

D. Velmurugan, and R. Raghu, Curr. Chem. Biol., 2008, 2, 312. 

8. For synthesis of racemic 3,3’-pyrrolidinyl-dispirooxindole products, see: (a) H. Liu, G. Dou, and D. 

Shi, J. Comb. Chem., 2010, 12, 292; (b) S. Lanka, S. Thennarasu, and P. T. Perumal, Tetrahedron 

Lett., 2014, 55, 2585; (c) K. Suman, L. Srinu, and S. Thennarasu, Org. Lett., 2014, 16, 3732. 

9. For diastereoselective synthesis of 3,3’-pyrrolidinyl-dispirooxindoles from chiral starting materials, 

see: (a) J. A. Xiao, H. G. Zhang, S. Liang, J. W. Ren, H. Yang, and X. Q. Chen, J. Org. Chem., 2013, 

78, 11577; (b) Q. Xu, D. Wang, Y. Wei, and M. Shi, ChemistryOpen, 2014, 3, 93; (c) A. I. 

Almansour, N. Arumugam, R. S. Kumar, G. Periyasami, H. A. Ghabbour, and H. K. Fun, Molecules, 

2015, 20, 780. 

10. For enantioselective synthesis of 3,3’-pyrrolidinyl-dispirooxindoles, see: (a) W. Dai, X. L. Jiang, Q. 

Wu, F. Shi, and S. J. Tu, J. Org. Chem., 2015, 80, 5737; (b) K. Zhao, Y. Zhi, X. Y. Li, R. Puttreddy, 

K. Rissanen, and D. Enders, Chem. Commun., 2016, 52, 2249. 

11. For reviews, see: (a) M. Waser and J. Novacek, Angew. Chem. Int. Ed., 2015, 54, 14228; (b) J.  

Wang, M. Sanchez-Rosello, J. L. Acena, C. D. Pozo, A. E. Sorochinsky, S. Fustero, V. A. 

Soloshonok, and H. Liu, Chem. Rev., 2014, 114, 2432; (c) J. Nie, H. C. Guo, D. Cahard, and J. A. 

Ma, Chem. Rev., 2011, 111, 455; (d) J. A. Ma and D. Cahard, Chem. Rev., 2008, 108, 1; (e) R. Smits, 

892 HETEROCYCLES, Vol. 94, No. 5, 2017

http://dx.doi.org/10.1021/acsinfecdis.6b00041
http://dx.doi.org/10.1002/ange.200701342
http://dx.doi.org/10.1002/anie.200701342
http://dx.doi.org/10.1016/0040-4020(96)00737-5
http://dx.doi.org/10.1107/S0567740877007080
http://dx.doi.org/10.1107/S0567740877007080
http://dx.doi.org/10.1073/pnas.0708917105
http://dx.doi.org/10.1002/ejoc.200300050
http://dx.doi.org/10.1055/s-0029-1216975
http://dx.doi.org/10.1021/ja905302f
http://dx.doi.org/10.1038/nchem.730
http://dx.doi.org/10.1002/adsc.201200808
http://dx.doi.org/10.1016/j.bmcl.2013.01.023
http://dx.doi.org/10.1016/j.bmcl.2013.01.023
http://dx.doi.org/10.1007/s11094-013-0876-7
http://dx.doi.org/10.2174/2212796810802030312
http://dx.doi.org/10.1021/cc900195t
http://dx.doi.org/10.1016/j.tetlet.2014.02.121
http://dx.doi.org/10.1016/j.tetlet.2014.02.121
http://dx.doi.org/10.1021/ol501547p
http://dx.doi.org/10.1021/jo4017259
http://dx.doi.org/10.1021/jo4017259
http://dx.doi.org/10.1002/open.201402003
http://dx.doi.org/10.3390/molecules20010780
http://dx.doi.org/10.3390/molecules20010780
http://dx.doi.org/10.1021/acs.joc.5b00708
http://dx.doi.org/10.1039/C5CC10057G
http://dx.doi.org/10.1002/anie.201506872
http://dx.doi.org/10.1021/cr4002879
http://dx.doi.org/10.1021/cr100166a
http://dx.doi.org/10.1021/cr800221v


 

C. D. Cadicamo, K. Burger, and B. Koksch, Chem. Soc. Rev., 2008, 37, 1727. 

12. For reviews, see: (a) C. N. Jose and M. Sansano, Angew. Chem., 2005, 117, 6428; Angew. Chem. Int. 

Ed., 2005, 44, 6272; (b) I. Coldham and R. Hufton, Chem. Rev., 2005, 105, 2765; (c) G. Pandey, P. 

Banerjee, and S. R. Gadre, Chem. Rev., 2006, 106, 4484; (d) H. Pellissier, Tetrahedron, 2007, 63, 

3235; (e) L. M. Stanley and M. P. Sibi, Chem. Rev., 2008, 108, 2887; (f) R. Narayan, M. Potowski, 

Z. J. Jia, A. P. Antonchick, and H. Waldmann, Acc. Chem. Res., 2014, 47, 1296. 

13. (a) M. X. Ma, Y. Y. Zhu, Q. T. Sun, X. Y. Li, J. H. Su, L. Zhao, Y. Y. Zhao, S. Qiu, W. J. Yan, K.  

Y. Wang, and R. Wang, Chem. Commun., 2015, 51, 8789; (b) Q. T. Sun, X. Y. Li, J. H. Su, L. Zhao, 

M. X. Ma, Y. Y. Zhu, Y. Y. Zhao, R. R. Zhu, W. J. Yan, K. R. Wang, and R. Wang, Adv. Synth. 

Catal., 2015, 357, 3187. 

14. For our recent work on the enantioselective synthesis of trifluoromethyl-substituted 

3,3’-pyrrolidinyl-dispirooxindoles, see: J. Weng, W. J. Huang, Q. Chen, N. Lin, X. W. Long, W. G. 

Pan, Y. S. Xiong, and G. Lu, Org. Chem. Front., 2017, 4, 472; The major products in this article are 

the minor diastereomers of the current study. 

15. CCDC 1502692 (3p) contains the supplementary crystallographic data for this paper. The relative 

configuration of the minor isomers was determined by the X-ray crystallographic analysis of the 

epimer of 3f (3f’, CCDC 1477406). These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

HETEROCYCLES, Vol. 94, No. 5, 2017 893

http://dx.doi.org/10.1039/b800310f
http://dx.doi.org/10.1002/ange.200501074
http://dx.doi.org/10.1002/anie.200501074
http://dx.doi.org/10.1002/anie.200501074
http://dx.doi.org/10.1021/cr040004c
http://dx.doi.org/10.1021/cr050011g
http://dx.doi.org/10.1016/j.tet.2007.01.009
http://dx.doi.org/10.1016/j.tet.2007.01.009
http://dx.doi.org/10.1021/cr078371m
http://dx.doi.org/10.1021/ar400286b
http://dx.doi.org/10.1039/C4CC10216A
http://dx.doi.org/10.1002/adsc.201500416
http://dx.doi.org/10.1002/adsc.201500416
http://dx.doi.org/10.1039/C6QO00723F



