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Enantioselective synthesis of 3-hydroxy- and 3-amino-3-alkynyl-2-
oxindoles by dimethylzinc-mediated addition of terminal alkynes 
to isatins and isatin-derived ketimines  

Elena Prieto,a Jorge D. Martín,a Javier Nietoa* and Celia Andrésa* 

A common protocol for enantioselective alkynylation of isatins and isatin-derived ketimines using terminal alkynes and 

Me2Zn in the presence of a catalytic amount of a chiral perhydro-1,3-benzoxazine with moderate to excellent 

enantioselectivity under mild reaction conditions is described. The additions to ketimines present a novel approach to chiral 

amines being derivative of oxindoles. The reaction is broad in scope with respect to aryl- and alkyl-substituted terminal 

alkynes and isatin derivatives. In isatins, the alkynylation occurs at the si face of the carbonyl group, whereas  in the 

ketoimines derivatives it occurs at the re face of the imine.  

Introduction 

The 3-heteroatom-substituted oxindoles are an important class 

compounds whose structure is present in a wide variety of 

natural and synthetic products that exhibit a wide range of 

interesting biological activities and pharmaceutical properties.1 

Studies of the structure-biological activity relationship have 

shown that their biological activities are significantly affected 

both by the configuration of the stereocentre in C-3 and by its 

substitution pattern.2 Therefore, in the recent years, the 

asymmetric synthesis of chiral 3-hydroxy and 3-aminooxindoles 

has become a hot topic in organic synthesis.3,4 

Among these 2-oxindole derivatives, we are interested in the 3-

hydroxy- and 3-amino-3-alkynyl-2-oxindole derivatives that can 

be prepared by alkynylation of isatins and isatin-derived 

ketimines, since some of them have been found to exhibit 

significant pharmacological activities (Figure 1). For example, 3-

(hex-1-yn-1-yl)-3-hydroxy-1-methylindolin-2-one (I) shows 

excellent biological activity in Echinococcus multilocularis 

metacestodes that can cause severe liver problems,5 3-

(cyclopropylethynyl)-3-hydroxy-1,5-dimethylindolin-2-one (II) 

is more active than efavirenz against HIV-1 replication 6 and 5-

chloro-3-ethenyl-3-hydroxy-1-(prop-2-yn-1-yl)indolin-2-one 

(III) is a good inhibitor of the enzyme Akt kinase with potential 

anticancer activity.7 In addition, 3-alkynyl-3-hydroxy-2-

oxindoles and 3-alkynyl-3-amino-2-oxindoles are commonly 

used as versatile synthons in a wide variety of synthetic 

applications,8 notably the preparation of biologically active 

spirooxindoles9 and other heterocyclic derivatives (Figure 2).10 

 

 

Figure 1. Examples of bioactive 3-alkynyl-3-hydroxy-2-oxindoles and preparation of the 

antimalarial agent cipargamin from a chiral 3-alkynyl-3-amino-2-oxindole derivative. 

 

Figure 2. Some representative examples of preparation of spirooxindoles and other 

heterocyclic derivatives from chiral 3-alkynyl-3-hidroxy-2-oxindoles. 

a. Instituto CINQUIMA and Departamento de Química Orgánica, Facultad de Ciencias, 
Universidad de Valladolid, Paseo de Belén, 7, 47011 Valladolid, Spain. 

Electronic Supplementary Information (ESI) available: CCDC 1872814 and CCDC 
2097363, Experimental details, characterization data, NMR spectra data (1H and 13C) 
and chiral HPLC chromatograms for new synthesized compounds. For ESI and 
crystallographic data in CIF or other electronic format, see 
DOI: 10.1039/x0xx00000x 
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Although there are different examples of alkynylations of isatins 

leading to racemic mixtures of products11 the asymmetric 

version of this reaction has only been studied recently. Different 

Cu(I) complexes have emerged as efficient catalysts for this 

transformation, as reported by Liu,12 Guo13 and Zhou14 who 

employed Cu(I)/chiral guanidine, Cu(I)/chiral phosphine and 

Cu(I)/chiral aminophenol systems respectively. A 

Cu(II)/bisoxazoline complex has also been shown to be effective 

in the catalytic enantioselective addition of ynamides to 

isatins.15 Alternatively, Maruoka has developed a competitive 

Ag(I)/chiral phase transfer catalytic system for the alkynylation 

of trityl-protected isatin derivatives,16 and the Zhang group has 

developed the alkynylation of N-p-methoxybenzyl-protected 

isatins using a bifunctional Ag(I)/amidophiospine-urea 

catalyst.17 In addition, Zn(II)/chiral hydroxyl oxazoline ligand 

and Co(II)/bisoxazolinephophine catalytic systems have been 

successfully employed by Chen18 and Li,19 respectively. Zhao 

recently also developed a novel Zn/Co bimetallic catalysis 

system in the presence of a chiral bisphosphine with excellent 

results.20 

Enantioselective alkynylation of isatin-derived ketimines has 

been much less explored, and to the best of our knowledge, 

there are only two examples of catalytic enantioselective 

addition of terminal alkynes to isatin-derived ketimines. The 

Shibasaki group developed the addition of alkynylzinc 

derivatives to thiophosphinoyl ketimines catalyzed by a 

mesitylcopper/bisphosphine complex21 and applied this 

protocol to the enantioselective synthesis of the antimalarial 

agent cipargamin (Figure 1),9g and the Liu group used a chiral 

Cu(I)/guaninide complex in the alkynylation of isatin-derived N-

Boc ketimines.22  

Despite much progress made to date, the development of new 

mild, and efficient catalytic systems for the enantioselective 

alkynylation of isatins and isatin-derived ketimines with broad 

scope for both alkynes and isatins remains challenging and 

interesting, and to the best of our knowledge, a common 

method for both is not known. 

In previous works, we have shown that conformationally 

restricted chiral perhydro-1,3-benzoxazines behave as excellent 

ligands in the enantioselective addition of organozinc 

derivatives to aldehydes and activated ketones, including the 

enantioselective alkynylation of α-keto esters and 1,2-

diketones with alkynyl zinc derivatives.23 and in this way, we 

envisioned their utilization as ligands for the enantioselective 

addition of alkynyl zinc reagents to isatins derivatives. These 

chiral perhydro-1,3-benzoxazines can be easily prepared in few 

steps from (-)-8-aminomenthol.23a,23d,24 

Given the difference in structure and reactivity of substrates 

such as α-keto esters, α-diketones, isatins and isatin-derived 

ketimines, it is not usual to find the same chiral ligand that 

allows the alkynylation of all of them with high 

enantioselectivity. 

 

 

Results and discussion 

Enantioselective alkynylation of isatins 

Initially, asymmetric alkynylation of isatins with the in situ 

generated zinc acetylide from phenylacetylene and Me2Zn was 

chosen as a reaction model to evaluate both the catalytic 

activity of a range of chiral perhydro-1,3-benzoxazines (L1-6) 

and the optimal substituent on the nitrogen of the isatine (Table 

1).  

Alkynylation of N-methyl isatin 1a in toluene at 0 ºC in the 

presence of ligands L1-6 (20 mol%) afforded 2a in moderate 

enantioselectivity. The ligand L2 led to the product in good yield 

and with the best enantioselectivity (Table 1, entry 2), then, we 

chose ligand L2 to continue with the optimization of the 

reaction conditions modifying solvent, temperature, N-

protecting group at the isatin and using catalytic amounts of 

additives. Lowering the reaction temperature to -20 ºC the 

enantioselectivity improved to a good 91:9 er with a slightly 

decreased yield (entry 7), however, at -30 ºC the reaction slows 

down and the enantioselectivity does not improve (entry 8). We 

also tested some previously reported additives,25 such as Lewis 

acids, isopropanol and DiMPEG (entries 9-13), but they did not 

improve enantioselectivity. With -20°C as the suitable 

temperature, we tested different N-protecting groups (entries 

14-18). The best result was found when N-2,6-dichlorobenzyl 

isatin 1c was used, achieving the product in 72% with 93:7 er 

(entry 14). No decrease in the enantiocontrol was observed 

when an electron-withdrawing acetyl group was used, and the 

product 2e was obtained in similar yield (entry 17), however, 

the N-tosyl isatin 1f led to moderate enantioselectivity and yield 

due to the formation on several by-products after only 3 h at -

20°C (entry 18). When the reaction of phenylacetylene with 

isatin 1c was carried out using a 3:1 dichloromethane-toluene 

mixture as solvent, a significant improvement in both yield and 

enantioselectivity was observed (78%, er = 96:4, entry 19). 

Finally, a considerable decrease in the chemical yield and 

enantioselectivity was observed when only 2 equivalents of the 

alkynylzinc reagent were employed or the ligand loading was 

reduced to 10 mol% (entries 20 and 21). 

The absolute configuration of the newly formed stereogenic 

center on 2a, 2b and 2d was established as R. This configuration 

was assigned by comparing the sign of optical rotation with 

literature data for the same compounds12,13,14,16,18 and has been 

extended to all the other 3-hydroxy-3-alkynyloxindoles 

synthesized based on mechanistic analogy. On the other hand, 

the absolute configuration of the alkynylation product of 1e was 

confirmed to be R by X-ray diffraction analysis of a single crystal 

of 2e. 

With the optimized conditions in hand (entry 19 in Table 1), we 

proceeded to explore the scope of the reaction of N-2,6-

dichlorobenzyl isatin 1c with different terminal alkynes, as 

illustrated in Table 2. 
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Table 1. Screening studies of enantioselective addition of phenylacetylene to N-protected isatins 1a-f.a 

Entry Isatin, R Ligand (mol %) Additive (mol %) Solvent T (ºC) t (h) Yield (%)b erc 

1 1a, CH3 L1 (20) -- toluene 0 20 2a (36) 76:24 

2 1a, CH3 L2 (20) -- toluene 0 20 2a (79) 84:16 

3 1a, CH3 L3 (20) -- toluene 0 20 2a (36) 72:28 

4 1a, CH3 L4 (20) -- toluene 0 20 2a (55) 77:23 

5 1a, CH3 L5 (20) -- toluene 0 20 2a (40) 73:27 

6 1a, CH3 L6 (20) -- toluene 0 20 2a (38) 72:28 

7 1a, CH3 L2 (20) -- toluene -20 20 2a (72) 91:9 

8 1a, CH3 L2 (20) -- toluene -30 35 2a (60) 90:10 

9 1a, CH3 L2 (20) B(OEt)3 (10) toluene -20 12 2a (78) 86:14 

10 1a, CH3 L2 (20) DiMPEG (10) toluene -20 20 2a (48) 87:13 

11 1a, CH3 L2 (20) iPrOH (10) toluene -20 20 2a (52) 85:15 

12 1a, CH3 L2 (20) Ti(OiPr)4 (10) toluene -20 20 2a (64) 84:16 

13 1a, CH3 L2 (20) B(OEt)3 (10) toluene -40 45 2a (70) 86:14 

14 1b, C6H5-CH2 L2 (20) -- toluene -20 20 2b (68) 92:8 

15 1c, 2,6-Cl2-C6H3-CH2 L2 (20) -- toluene -20 20 2c (72) 93:7 

16 1d, C(C6H5)3 L2 (20) -- toluene -20 24 2d (67) 92:8 

17 1e, Ac L2 (20) -- toluene -20 24 2e (68) 93:7 

18 1f, Ts L2 (20) -- toluene -20 3 2f (52) 83:17 

19 1c, 2,6-Cl2-C6H3-CH2 L2 (20) -- CH2Cl2:toluene 3:1 -20 22 2c (78) 96:4 

20d 1c, 2,6-Cl2-C6H3-CH2 L2 (20) -- CH2Cl2:toluene 3:1 -20 22 2c (50) 88:12 

21 1c, 2,6-Cl2-C6H3-CH2 L2 (10) -- CH2Cl2:toluene 3:1 -20 22 2c (60) 90:10 

a Reaction conditions: 0.1 mmol of 1a-f, 0.4 mmol of dimethylzinc and 0.4 mmol of phenylacetylene. b Yield of isolated product after purification by flash column 

chromatography. c Enantiomeric ratio determined by HPLC on a chiral stationary phase. d Only 0.2 mmol of dimethylzinc and 0.25 mmol of phenylacetylene were used. 

To our satisfaction, a wide range of phenylacetylene derivatives 

bearing different electron-withdrawing and electron-donating 

substituents on the ortho, meta or para position of the phenyl 

group were tolerated, giving the 3-alkynyl-3-hydroxy-2-

oxindoles 3a-j in moderate to good yield and excellent 

enantioselectivity. When the reaction was carried out in the 

presence of aliphatic alkynes a decrease in yield and 

enantioselectivity was observed, particularly with the bulky 

tert-butyl derivative, which afforded the alcohol 3k in a poor 

yield of 38% with moderate enantioselectivity (er = 92:8). An 

exception was the 4-bromobutyne which provided propargyl 

alcohol 3n in moderate chemical yield, but an excellent 

enantioselectivity (er = 99:1). Trimethylsilylacetylene also 

provided the corresponding tertiary alcohol 3o with a good 

enantioselectivity of 95:5 er. 

We next explored the scope of the reaction of phenylacetylene 

with isatins bearing different electron-withdrawing and 

electron-donating groups in the aromatic ring (Table 3). 

Pleasingly, substituents at position 5 did not have a remarkable 

influence in the enantiocontrol and the products 4a-f were 

obtained in moderate to good yield and excellent 

enantioselectivity. In addition, when 7-methyl-substituted 

isatin was employed the propargylic alcohol 4g was obtained in 

a competitive 77% and 95:5 er. Furthermore, good yield and 

excellent enantioselectivity were observed when p-

tolylacetylene was reacted with 5-methoxy and 7-methyl-

substituted isatins (products 4h and 4j respectively), although a 

slight decrease in both yield and enantiocontrol was noted  
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Table 2. Scope of the reaction of isatin 1c with terminal alkynes.a 

 

Reaction conditions. (1) 0.4 mmol of alkyne, 0.4 mmol of dimethylzinc, toluene, rt; 

(2) 0.02 mmol of L2 toluene, rt; (3) 0.1 mmol of 1c, dichloromethane, -20 °C, 22 h. 

Yield of isolated products after purification by flash column chromatography. 

Enantiomeric ratio determined by HPLC on a chiral stationary phase. 

when using trimethylsilylacetylene with these isatins (products 

4i and 4k). 

Finally, to show the potential our catalytic system we tested our 

ligand in the enantioselective synthesis of two 

pharmacologically active5,6 compounds, 5a and 5b, derived 

from N-methylisatin (Scheme 1). Both chiral propargylic 

alcohols were obtained in good yield under our optimized 

reaction conditions. Cyclopropinyl derivative 5a was achieved 

with high enantioselectivity, which was only moderate for 

compound 5b. 

Enantioselective alkynylation of isatin-derived ketimines 

The alkynylation of the isatin-derived N-phenyl ketimine 6a with 

phenylacetylene was selected as the model reaction to optimize 

the reaction conditions. We first tested ligands L1, L2, L4 and L5  

Table 3. Scope of the reaction of isatin derivatives 1g-m with terminal alkynes.a 

 

Reaction conditions. (1) 0.4 mmol of alkyne, 0.4 mmol of dimethylzinc, toluene, rt; 

(2) 0.02 mmol of L2 toluene, rt; (3) 0.1 mmol of 1g-m, dichloromethane, -20 °C, 22 

h. Yield of isolated products after purification by flash column chromatography. 

Enantiomeric ratio determined by HPLC on a chiral stationary phase. 

 

Scheme 1. Enantioselective synthesis of the pharmacologically interesting 

derivatives 5a-b. 

(20 mol%) using a mixture CH2Cl2:toluene 2:1 as solvent at room 

temperature, and the results are collected in Table 4. 

In the presence of ligands L1, L4 and L5 the reaction afforded 

amine 7a in high yield with moderate enantioselectivity (Table 

4, entries 1, 3 and 4). Pleasingly, the product was achieved in 

92% yield and excellent enantioselectivity (99:1 er) when ligand 

L2 was employed (Table 4, entry 2). 

The reaction seemed to be sensitive to solvent conditions, as 

shown when the reaction was performed in a 1:2 

CH2Cl2:toluene mixture instead of 2:1, both yield and 
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enantiocontrol decreased (Table 4, entry 5). The reaction was 

also carried out using L2 at 0°C, but under these conditions 

product 7a was obtained in low yield after 60 hours (Table 4, 

entry 6). Thus, ligand L2 in a mixture of toluene:CH2Cl2 1:2 at 

room temperature (Table 4, entry 2) were selected as the 

optimized conditions for this catalytic system.  

With the optimized conditions in hand, we studied the effect of 

different aryl substituents R2 at the imine position, as well as the 

influence of nitrogen protecting groups R1 at the isatin moiety. 

Reactions of ketimines 6b and 6g bearing electron withdrawing 

substituents at the aromatic ring of imine position proceeded 

with full conversion to the desired product and excellent 

enantioselectivity (Table 4, entries 7 and 12). No detrimental 

effect on the enantiocontrol was observed when the p-anisidine 

derivative 6c was tested although the chemical yield decreased 

to 71% (Table 4, entry 8). The reaction seemed to be sensitive 

to the steric effect of substituents in ortho position of the 

aromatic ring, as shown in entries 9-11 in Table 4. Product 7e 

bearing o-toluidine moiety was achieved with high 

enantioselectivity but only in 38% yield and the use of more 

sterically hindered mesityl group resulted in no conversion of 

the starting ketimine 6f (Table 4, entries 10 and 11, 

respectively). In contrast, o-anisidinimine 6d afforded the 

product 7d in good yield, but the enantiomeric ratio was low, 

probably due to a different coordination between the zinc 

alkoxide catalyst and the 2-methoxyphenylimine derivative 

(Table 4, entry 9). 

The 3,5-dichloroaniline was chosen as the imine substituent in 

order to proceed with the evaluation of different protecting 

groups on the nitrogen of the isatin moiety, as collected in 

entries 13-18 in the Table 4. Reactions between 

phenylacetylene and benzyl-, methyl- and methoxymethyl-

protected substrates 6h, 6i and 6j proceeded with high chemical 

yield and good enantioselectivity (Table 4, entries 13-15). The 

use of the high sterically hindered trityl derivative 6k did not 

affect product yield, but the enantioselectivity decreased 

slightly to er 87:13 (Table 4, entry 16). No product was obtained 

when the reaction was carried out using the unprotected imine 

6m, recovering the starting material after 18 hours stirring at rt 

(Table 4, entry 18), nor with the acetyl derivative 6l, which 

decomposed in several by-products (Table 4, entry 17). 

 

Table 4. Optimization of the reaction conditions of the enantioselective addition of phenylacetylene to isatin-derived ketimines a 

Entry Ketimine R1 R2 Ligand (mol %) Yield (%)b erc 

1 6a 2,6-Cl2-C6H3-CH2 Ph L1 (20) 7a (89) 75:25 

2 6a 2,6-Cl2-C6H3-CH2 Ph L2 (20) 7a (92) 99:1 

3 6a 2,6-Cl2-C6H3-CH2 Ph L4 (20) 7a (92) 74:26 

4 6a 2,6-Cl2-C6H3-CH2 Ph L5 (20) 7a (95) 79:21 

5d 6a 2,6-Cl2-C6H3-CH2 Ph L2 (20) 7a (84) 90:10 

6e 6a 2,6-Cl2-C6H3-CH2 Ph L2 (20) 7a (12) 98:2 

7 6b 2,6-Cl2-C6H3-CH2 4-CF3-C6H4 L2 (20) 7b (95) >99:1 

8 6c 2,6-Cl2-C6H3-CH2 4-OCH3-C6H4 L2 (20) 7c (71) >99:1 

9 6d 2,6-Cl2-C6H3-CH2 2-OCH3-C6H4 L2 (20) 7d (85) 65:35 

10 6e 2,6-Cl2-C6H3-CH2 2-CH3-C6H4 L2 (20) 7e (38) 95:5 

11 6f 2,6-Cl2-C6H3-CH2 2,4,6-(CH3)3-C6H2 L2 (20) --- --- 

12 6g 2,6-Cl2-C6H3-CH2 3,5-Cl2-C6H3 L2 (20) 7g (98) >99:1 

13 6h Bn 3,5-Cl2-C6H3 L2 (20) 7h (93) 94:6 

14 6i CH3 3,5-Cl2-C6H3 L2 (20) 7i (90) 96:4 

15 6j MOM 3,5-Cl2-C6H3 L2 (20) 7j (93)  95:5 

16 6k CPh3 3,5-Cl2-C6H3 L2 (20) 7k (95) 87:13 

17 6l Ac 3,5-Cl2-C6H3 L2 (20) --- --- 

18 6m H 3,5-Cl2-C6H3 L2 (20) --- --- 

19 6g 2,6-Cl2-C6H3-CH2 3,5-Cl2-C6H3 L2 (10) 7g (65)  95:5 

20f 6g 2,6-Cl2-C6H3-CH2 3,5-Cl2-C6H3 L2 (20) 7g (36)  --- 

a Unless specified, all reactions were performed with phenylacetylene (0.4 mmol), dimethylzinc (0.4 mmol), L (0,02 mmol, 20 mol%) and 6a-m (0.1 mmol) in a mixture of 

CH2Cl2:toluene 2:1 (1.5 mL) at rt for 18 h. b Yield of isolated product after purification by flash column chromatography. c Enantiomeric ratio determined by HPLC on a 

chiral stationary phase. d A mixture of CH2Cl2:toluene 1:2 was used as solvent. [e] Performed at 0°C for 60 h. e Performed with 10 mol % of L2. f Only 0.2 mmol of 

dimethylzinc and 0.2 mmol of phenylacetylene were employed. 

 



  

 

ARTICLE 

  

Please do not adjust margins 

Please do not adjust margins 

Finally, when we tested the reaction between imine 6g and 

phenylacetylene with a lower ligand charge (10 mol%) the 

catalytic system proved to be effective, but we observed a 

decrease in both product yield and enantioselectivity, obtaining 

7g in 65% and 95:5 er (Table 4, entry 19). Unfortunately, using 

2 equiv of phenylacetylene and dimethylzinc instead of 4 equiv 

resulted in a much slower reaction and poor chemical yield 

(Table 4, entry 20). 

Since the 3,5-dichloroaniline moiety constitutes an important 

structural motif in many biologically active compounds26 the 1-

(2,6-dichlorobenzyl)-3-((3,5-dichlorophenyl)imino)indolin-2-

one 6g was selected to continue studying the scope of the 

reaction with terminal alkynes (Table 5). 

To our delight, our catalytic system again tolerated a wide range 

of terminal alkynes, including phenylacetylene derivatives 

bearing electron-donating and electron-withdrawing 

substituents at different positions of the aromatic ring, and 

aliphatic alkynes. All products 8a-o were obtained with high 

chemical yield and enantioselectivity, including 

propargylamines 8i, 8k, 8l and 8n derived from functionalized 

alkynes. Only the bulky 3,3-dimethylbut-1-yne led to 

propargylamine 8o with a lower enantioselectivity.  

We next explored the scope of the reaction of terminal alkynes 

with isatin-derived ketimines bearing electron-donating and 

electron-withdrawing substituents at the aromatic ring (Table 

6). Again, the enantiocontrol seemed not to be influenced by 

the electronic effect of these substituents and the 3-amino-3-

alkynyl-oxindoles 9a-m were obtained in excellent chemical 

yield and high enantioselectivity, with the exception of the nitro 

derivative 9f, which was obtained with a moderate 

enantioselectivity (89:11 er). 

To evaluate the synthetic potential of the catalyst, we tested 

the scalability of this method by carrying out the reaction on a 

gram scale. Under the optimized reaction conditions, 1.13g (2.5 

mmol) of 6g reacted with phenylacetylene, giving a lower but 

still acceptable yield (1.18g, 85% yield) of the desired product 

6g with an enantioselectivity of 98:2 er. 

The absolute configuration of the newly formed stereogenic 

centre on 8c was established by X-ray diffraction analysis and 

has been extended to all the other 3-amino-3-alkynyl-oxindoles 

7a-k,8a-o, and 9a-m based on mechanistic analogy. 

Interestingly, a change in facial selectivity is observed in the 

alkynylation of the isatin-derived ketimines compared to isatins. 

In the isatins, the alkynylzinc derivative attack the si face of the 

carbonyl group, whereas in the isatin-derived ketimines the 

attack occurs on the re face of the imine (Figure 3). 

 

 

Table 5. Scope of the reaction of ketimine 5g with terminal alkynes.a 

 

 

Reaction conditions: (1) 0.4 mmol of alkyne, 0.4 mmol of dimethylzinc, toluene rt; 

(2) ligand L2 0.02 mmol (20 mol%), toluene, rt; (3) ketimine 1g 0.1 mmol, CH2Cl2, rt 

18 h. Isolated yields are given. The er values were determined by HPLC analysis on 

a chiral stationary phase. 
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 Table 6. Scope of the reaction of terminal alkynes with isatin-derived ketimines bearing 

substituents at the aromatic ring of the isatin. 

 

Reaction conditions: Reaction conditions: (1) 0.4 mmol of alkyne, 0.4 mmol of 

dimethylzinc, toluene rt; (2) ligand L2 0.02 mmol (20 mol%), toluene, rt; (3) 

ketimine 5n-t 0.1 mmol CH2Cl2, rt, 18 h. Isolated yields are given. The er values 

were determined by HPLC analysis on a chiral stationary phase. 

A detailed mechanistic discussion is difficult at present due to 

the different coordination possibilities of the starting substrates 

in a bimetallic catalyst system such as the one proposed by 

Noyori for the alkylation of carbonyl compounds with 

organozinc reagents in the presence of 1,2-aminoalcohols as 

chiral ligands.27 In addition, the isatin imines exists as an 

equilibrium mixture of E/Z isomers28 further complicating 

coordination possibilities. Further work to uncover the reaction 

mechanism and the application of these enantioselective 

reactions in other asymmetric transformations is in progress in 

our laboratories. 

 

 

 

 

Figure 3. Opposite facial selectivity in the enantioselective alkynylation of isatins and 

isatins-derived ketimines in the presence of L2. 

Conclusions 

In summary, we have developed a common and efficient 

method for the preparation of chiral 3-hydroxy- and 3-amino-3-

alkynyl-oxindoles via Me2Zn-mediated addition of terminal 

alkynes to isatins and isatin-derived ketimines using the same a 

chiral ligand L2. A variety of isatins and ketimine derivatives 

bearing electron-withdrawing or electron-donating 

substituents on the aromatic ring and aromatic and aliphatic 

terminal alkynes were investigated, which gave rise to 1,2-

addition products in excellent yields and high 

enantioselectivities. The process could be scaled up maintaining 

the same efficiency.  

Experimental section 

The experimental and analytical procedures are described in 

detail in the ESI. 
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