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Abstract. A α-cross-coupling aldol type addition reaction 

activated olefins with isatins has been described in presence of 

ruthenium (III) chloride and tributyltin hydride (TBTH) at 

room temperature. This method is found to work consistently 

for the delivering of ene-carbonyl coupled products in good to 

excellent yields with moderate to acceptable selectivity. The 

substrate scope of the present method was briefly discussed. 

The reductive aldol reaction has received considerable attention in 

the C-C bond formation because it does not require the pre-

activation of nucleophile and this process allows the coupling of a 

two  � −partners in a one pot.1 Various catalysts have been used for 

the reductive aldol coupling such as, rhodium,2 cobalt,3 iridium,4 

ruthenium,5 palladium,6 copper7 and nickel.8 On the other hand, 3-

substituted-3-hydroxy-2-oxindole entities are found in a large 

number of naturally occurring alkaloids with different biological 

activities such as potent anticancer, anti-HIV, antioxidant and 

neuroprotective properties.9 Selective representative examples are 

convolutamydines,10a donaxaridines,10b,c maremycins,10d dioxibras- 

sinines,10e celogentin K,10f 3-hydroxy hydroxyglucoisatisins,10g and 

TMC-95A10h (Fig 1). Because of their structural significance in 

biological sciences, a number of strategies have been developed for 

the synthesis of such structural motifs, which includes allylation of 

isatins,11 nucleophilic addition to isatins,12 and direct hydroxylation 

of 3-substituted oxindoles.13 Though the synthesis of 3-substituted 

oxindoles is reported, the synthesis of alkyl 2-(3-hydroxy-2-

oxoindolin-3-yl)propanoates or 3-hydroxy-3-(3-alkyl)indolin-2-ones 

or 2-(3-hydroxy-2-oxoindolin-3-yl)propanenitriles remain 

unexplored. So, it is desirable to develop efficient and general 

method using readily available catalyst. 
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Figure 1. Some examples of biologically active quaternary 3- 

amino/hydroxyl oxindoles. 

However, to the best of our knowledge this is the first example of 

reductive coupling of activated olefins with isatins for the synthesis 

of alkyl 2-(3-hydroxy-2-oxoindolin-3-yl)propanoate, 3-hydroxy-3-

(3-alkyl)indolin-2-one and 2-(3-hydroxy-2-oxoindolin-3-

yl)propanenitrile derivatives. 

 

          

 

           Scheme 1. The reactions of isatin with activated olefins. 
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Generally, the coupling reaction between activated olefins with an 

isatin in the presence of a base gives the Baylis–Hillman14 type 

products in which a C-C bond was formed between the α-carbon 

atom of the activated olefin and the C3-carbon atom of the indoline-

2,3-dione. In our previous communication, we have endeavored β-

cross coupling aldol type addition reaction of activated olefins with 

isatins/isatinimines in presence of In/Fe(III) catalytic system.15 

Based on our continuing interest in the synthesis of 3-substituted-3-

hydroxy-2-oxindole,16  herein we would like to disclose the α-cross-

coupling aldol type addition reaction of range of activated olefins 

(methyl vinyl ketone,  methyl/ethyl acrylates, acrylonitrile and 

cyclohexenone) with  isatins to afford the  valuable 3-funtionalized-

3-hydroxy oxindoles in a single step by using RuCl3/TBTH catalytic 

system at room temperature.  

 

 

Scheme 2. RuCl3 - catalyzed reductive ene-carbonyl coupling. 

Results and discussions:  
 

To find out the reaction conditions, our initial investigations were 

focused on the reductive ene-carbonyl coupling of methyl vinyl 

ketone 2a (1.2 mmol) with an isatin 1 (1 mmol) using TBTH as 

hydrogen source (1.5 mmol) at room temperature and the results are 

summarized in table 1. Initially, different metal catalysts were tested 

for this transformation and it was found that the RuCl3 is the most 

effective catalyst for driving the reaction to achieve the product in 

high yield as a mixture of diastereomers with 95:5 selectivity (Table 

1, entry 6). The diastereomeric ratio of the resultant product was 

analyzed by the 1HNMR of the crude product. Whereas other tested 

metal catalysts were led to poor results (Table 1, entries1-5 and 11-

14) and no reaction was observed in the absence of metal catalyst 

(Table 1, entry 7). It indicates that the importance of the metal 

catalyst in the present method. With the RuCl3 as optimal catalyst, 

we next investigated the influence of the solvents. Among the 

different screened solvents, the best result was achieved when the 

reaction was performed in diethyl ether (Table 1, entry 6) and other 

solvents were showed poor results (Table 1, entries 9 and 10). To 

further optimize the reaction conditions, we were decided to 

investigate the effect of catalyst loading. Finally, the excellent result 

was obtained with 5 mol% of the catalyst (RuCl3) (Table 1, entry 6). 

When the catalyst (RuCl3) loading was decreased to 2 mol%, the 

product 4a was formed in lower yield (Table 1, entry 8). The 

structure of the expected reductive aldol product 4a was confirmed 

by spectroscopic data (1H, 13C, DEPT, IR and Mass). 

By employing the optimal reaction conditions, we were keen to 

examine the generality of this reaction by treating a variety of isatins 

with enones (methyl vinyl ketone/cylohexenone 2a/2b) and the 

results are depicted in table 2&3. Initially, the ene-carbonyl coupling 

reaction of 2a and 2b with simple isatin 1 underwent smoothly and 

resulted into expected product as inseparable diastereomeric mixture 

with high yield (Table 3, 4a and 4l). Isatins bearing substituents with 

diverse electronic properties at the 5th position were successfully 

coupled with 2a and 2b in the present protocol. For example, the 

reaction of 5-halo isatins proceeded smoothly and afforded 

corresponding products in high yields with the variable selectivity 

(Table 2&3, 4b-4e and 4m-4p). Other 5-substitued isatins were also 

showed fine reactivities and furnished the aldol products in high 

yields with poor to good selectivity (Table 2&3, 4f, 4g and 4q, 4r). 

In addition to this, 4-substituted, 4,6- disubstituted, 4,7-disubstituted 

and 5,7- disubstituted  isatins were also participated in this reaction 

with 2a/2b and gave comparatively with moderate yields of the 

products (Table 2&3, 4i-4k and 4s-4u). Furthermore, N-protected 

isatins were also successfully cross-coupled with 2a/2b to offer the 

corresponding products in acceptable yields (Table 2&3, 4h and 4v-

4x). 

Table 1. Optimization of reaction conditions for the reductive ene-

carbonyl couplinga 

 Reaction conditions: isatin 1a (1 mmol), methyl vinyl ketone 2a (1.2 mmol), 

catalyst (X mol%) and TBTH (1.5 mmol) in 5 mL of solvent at room 

temperature. b Isolated yield. c Diastereomeric ratio. 

The scope of this method was further supported by 

examining a methyl/ethyl acrylates 3a/3b in place of enones and the 

results are presented in table 4. At first, the simple isatin underwent 

the reductive coupling reaction with 3a/3b and provided an ene-

carbonyl coupled product in high yield with poor selectivity (Table 

4, 5a and 5l). It was found that a range of isatins were reacted in an 

efficient manner with 3a/3b under the optimized reaction conditions. 

For example, the 5-halo isatins were took place smoothly and 

afforded the corresponding products in high yields nearly with the 

same selectivity (Table 4, 5b-5d and 5p, 5q). In addition to simple 

and 5-substituted isatins, 4,6- disubstituted and various N-substituted 
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isatins were also coupled with 3a/3b to produce the cross-coupled 

products in moderate to good yields (Table 4, 5e-5k and 5m-5o). 

Table 2. Scope of reductive ene-carbonyl coupling of methyl vinyl 

ketone with isatinsa 

a Reaction conditions: isatin 1 (1 mmol), methyl vinyl ketone 2a (1.2 mmol),  
RuCl3  (5 mmol %) and TBTH (1.5 mmol) in 5 mL of Et2O at room 

temperature. b Isolated yield. c Diastereomeric ratio. 

Table 3. Scope of reductive ene-carbonyl coupling of 

cyclohexenone with isatinsa 

a Reaction conditions: isatin 1 (1 mmol), cyclohexenone 2b (1.2 mmol),  
RuCl3  (5 mmol %) and TBTH (1.5 mmol) in 5 mL of Et2O at room 

temperature. b Isolated yield. c Diastereomeric ratio. 

Inspired by the above achievement from the reductive ene-carbonyl 

coupling of enones and acrylates with isatin, we then turned our 

attention to apply this method to acrylonitrile 3c and the results are 

depicted in table 5. As shown in table 5, it was found that a variety 

of isatins were reacted well with coupling partner 3c under the 

standard reaction conditions. For example, simple isatin smoothly 

participated in the reductive ene-carbonyl coupling reaction and gave 

the coupled product in good yield with moderate selectivity (Table 5, 

5r). Other isatins like 5-F, 5-Br and 5-I isatins also furnished the 

aldol adducts in acceptable yields (Table 5, 5s-5u).  

Table 4. Scope of reductive ene-carbonyl coupling of methyl/ethyl 

acrylates with isatinsa 

N
H
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Et
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N
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HO COOMe
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Cl

N
H

HO COOMe

O

Br

Br

N
H

HO COOMe

O

Br

N
H

HO COOMe

O

I

N
Me

HO COOMe

O

N
Allyl

HO COOMe

O
N
Bn

HO COOMe

O

N
Ph

HO COOMe

O

N
Ac

HO COOMe

O

N
Ac

HO COOEt

O

N
Bn

HO
COOEt

O

N
H

HO COOEt

O

Br

N
H

HO COOEt

O

I

5a 5b 5c 5d

5e 5f 5g 5h

5i 5j 5k 5l

5m 5n

5p 5q

88%, 5h, 69:31 89%, 3h, 60:40 85%, 3.5h, 59:41 90%, 3h, 65:35

85%, 4h, 68:32 83%, 4h, 66:34 80%, 5h, 55:45 70%, 6h, 64:36

72%, 5h, 65:35 81%, 5.5h, 85:15 65%, 3.5h, 59:41 85%, 5.5h, 60:40

78%, 6h, 51:49 66%, 6h, 55:45

86%, 4h, 65:35 82%, 4.5h, 65:35

N
R

O

OR1

R2

N
R

OR1

HO
R2

+

1 3 5

RuCl3, Bu3SnH

Et2O, rt

3-6h

N
Allyl

HO
COOEt

O

5o

75%, 5.5h, 55:45

a Reaction conditions: isatin 1 (1 mmol), methyl/ethyl acrylate 3 (1.2 mmol),  
RuCl3  (5 mmol %) and TBTH (1.5 mmol) in 5 mL of Et2O at room 

temperature. b Isolated yield. c Diastereomeric ratio. 

We have proposed the reaction mechanism for reductive ene-

carbonyl coupling reaction based on previous reports17 (Scheme 3). 

Initially, TBTH reacts with RuCl3 and gave the ruthenium hydride 

complex a. The 1, 4-addition of ruthenium hydride species to methyl 

vinyl ketone 2a gives the ruthenium enolate b. Next, the aldol 

addition reaction of ruthenium enolate to an isatin offers a (2-oxo-3-

(3-oxobutan-2-yl) indolin-3 yloxy) ruthenium (III) chloride c and is 

followed by transmetallation with TBTH, results in the formation of 

a 3-(3-oxobutan-2-yl)-3-(tributylstannyloxy) indolin-2-one d. Finally 

the quenching of the d with aq.NH4Cl produces reductive coupling 
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product 4a. We have observed that the generation of metal-hydride 

species is essential for this method.  

The structure of one of the products 4r was further confirmed by a 

single-crystal X-ray diffraction analysis (Figure 2). Based on the 

single-crystal structure we have identified major isomer as anti. 

          

Figure 2. ORTEP diagram of the single-crystal X-ray structure 

of compound 4r. 

 

Table 5. Scope of reductive ene-carbonyl coupling of 

acrylonitrile with isatinsa  

N
H

HO CN

O

N
H

HO CN

O

F

N
H

HO CN

O

Br

N
H

HO CN

O

I

5r 5s 5t

73%, 8.5h, 60:40 75%, 9h, 56:44 71%, 9h, 75:25
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N
R

OR1

HO
CN

+

1 3c 5

RuCl3, Bu3SnH

Et2O, rt

7-9h

5u

83%, 7h, 69:31
  

a Reaction conditions: isatin 1 (1 mmol), acrylonitrile 3c (1.2 mmol),  RuCl3  

(5 mmol %) and TBTH (1.5 mmol) in 5 mL of Et2O at room temperature. b 

Isolated yield. c Diastereomeric ratio. 
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Scheme 3. Plausible mechanistic pathway for the reductive ene-

carbonyl coupling. 

Conclusion: 

In summary, we have established the ruthenium (III) catalyzed an 

efficient α-cross-coupling aldol type addition reaction of activated 

olefins with isatins by using TBTH at room temperature. Our 

strategy has proven to be quite general, atom-economical and 

provides easy access for the synthesis of a wide variety of 3-

functionalized-3-hydroxy oxindoles. Biological evaluations of our 

synthetic molecules are currently under progress in our lab. 
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