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Abstract: An efficient, one pot Thiamine hydrochloride promoted synthesis of 

spirooxindoles and its derivatives in aqueous micellar medium has been reported. The 

important aspects of the present methodology is environmentally benign reaction conditions, 

operational simplicity, cost effectiveness, short reaction times, easily recoverable and 

reusable catalyst, high yields, 100% atom economy. 
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Introduction 

Multicomponent reactions (MCRs) have emerged as a powerful new strategy in synthetic 

organic chemistry and drug discovery. MCRs are a precise synthetic tool to access products 

with structural complexity and diversity in a single operation with improved atom and time 

economy, simplicity, synthetic efficiency and lower number of reactions and purification 

steps.
i 
The spirooxindole system

 
is the core structure of many pharmacological agents and 

natural alkaloids.
ii-v 
For example, spirotryprostatin B, a natural alkaloid isolated from the 

fermentation broth of Aspergillus fumigatus, has been identified as a novel inhibitor of 

microtubule assembly,
iii 
and pteropodine and isopteropodine have been shown to modulate 

the function of muscarinic serotonin receptors
v
.The heterocyclic spirooxindole ring is a core 

structure presenting in a number of pharmaceuticals and natural products,
vi
 including 

cytostatic alkaloids such as spirotryprostatins A, B, and strychnophylline.
vii
 The unique 

structural array and the highly pronounced pharmacological activity displayed  by the class of 

spirooxindole compounds have made them attractive synthetic targets.
viii
 The compounds 

with spirooxindole ring system are attracting considerable interest as antimicrobial and 

antitumor agents, and as inhibitors of the human NKI receptor, as well as being found in a 
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number of alkaloids like spirotryprostatin, (þ)-elacomine, and horsifiline (Scheme 1).
ix
 The 

conformational restriction associated to the structural rigidity significantly affects their 

biological activity.
x 
For the synthesis and structural modification of the biologically active 

spiro compounds
xi-xiv
, Spiro-2-oxindole especially spiro fused to other cyclic structures 

(Fig.1) is subject of tremendous interest in synthetic organic chemistry and medicinal 

chemistry due to its fascinating medicinal properties such as anti-HIV
xv
, anticancer

xvi
, 

antitubercular
xvii
, antimalarial

xviii
, progesterone receptor modulator

xix
 and NMDM2 

inhibitor
xx
. Architecture of spiro compounds due to their N steric strain has been a challenge 

for synthetic organic chemists and recently several attempts have also been made for the 

formation of spirooxindoles via one pot multicomponent in literature
xxi
. Although all reports 

have their own merits, continuing researches to find green and economical methods under 

catalyst free condition seem necessary. Spirooxindole is an important heterocyclic moiety, 

present as a key structural motif in a variety of alkaloids and biologically active 

molecules.
xxii-xxiii 

Though a large number of methods for the synthesis of spirooxindoles have 

been reported till date, Song-Lei Zhu, et al. synthesise of spirooxindoles from Isatin 

Malanonitrile and 1,3-cyclohexanedione, hydroxy coumarin or barbituric acid/2-

thiobarbituric acid in water using TEBA at 60
o
C
xxiv
 Gnanamani Shanthi  et al. of 

spirooxindoles from  Isatin Malanonitrile and naphthol by using InCl3/ SiO2/ MW (or) InCl3/ 

CH3CN Reflux
xxv
 Li-Min Wang  et al. synthesis of spirooxindoles from Isatin, Malanonitrile 

and different 1,3-diketones in water using  Sodium Stearate at 60
o
C
xxvi
 Shailesh P. Satasia et 

al. Synthesis of spirooxindoles from  Isatin, Malanonitrile and different 1,3-diketones in 

water using  HIL in ethanol at  room temperature
xxvii
 yet the development of more efficient 

routes for accessing to access existing class as well as novel spirooxindole derivatives 

remains an exigent task for organic chemists.
xxiia,xxviii,xxix 

Recently, spirooxindoles derivatives 

have been reported as exhibiting very good anti-cancer activity.
xxxii
 

The use of different organic catalysts has achieved spacious interest in organic synthesis
 
due 

to their several reward such as simple work up procedure, environmentally benign procedure, 

recyclability, low price
xxxi
.
 
In this view, thiamine hydrochloride (VB1; Fig.1) analogs, serve  

as potent catalysts and have been found to be useful in various organic synthesis.
xxxii,xxxiii 

With the improvement of modern synthetic approaches, it has been extensively accepted that 

there is a emergent need for the development of green, environmentally benign procedure  in 

the organic synthesis.
xxxiv, xxxv

 

 
                             Fig 1: Structure of thiamine-hydrochloride (VB1) 

 

Even though a numerous methodology have been reported under improved conditions but 

unfortunately many of them suffer from one or more drawbacks such as high temperature, 

long reaction time,  unsatisfactory yield and the use of toxic organic solvents and catalysts.  
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Scheme 1. One pot Three-component synthesis of spirooxindoles 

 

Thus, we found that the development of some facile and green methods is urgency to 

construct such type of exceptionally bio-active heterocyclic compounds in aqueous media. 

Water is the attractive medium because of its low cost, safe and green nature. Additionally, it 

can also manipulate the reaction rate and selectivity due to its large dielectric constant, and 

extensive H-bonding nature. 

Now a days, the governing approaches are the use of aqueous micellar medium to carry out a 

variety of multi-component reactions (MCRs). These methods have unique importance, since 

it addresses various work up difficulties that usually observed in simple aqueous 

medium.
xxxvi(a)

 Micelles are active bunch of surfactant molecules possessing both 

hydrophobic and hydrophilic framework. They can collect the reactants within a small area, 

and stabilize intermediate and product.
xxxvi(b)

 Hence, they provide numerous benefits such as 

increased solubility, regio- and stereo-selectivity, reaction rate, and high yield of the product. 

 

Results and Discussion 

Here, we proposed VB1 catalyzed synthesis of spirooxindoles and its derivatives in aqueous 

micellar medium (Scheme 1). The present method is one-pot, multicomponent, green 

synthesis and to the best of our knowledge, this is the first synthesis of the given compound 

using VB1 in aqueous miceller medium. 

Initially, we investigated optimization conditions with respect to both the catalyst and the 

solvent. For this purpose isatin (1), malanonitrile (2) and 5-amino-1,3-dimethyluracil (3) were 

chosen as model substrates for the synthesis of representative compound (4a) (Scheme 1). 

Firstly we performed the reaction without use of any surfactant and found that reaction does 

not proceeds and no product was obtained. Now to increase yield we have used 

cetyltrimethylammonium bromide (CTAB) as a surfactant, which participate in reaction 

significantly to encourage the reaction. As a trial, we performed the reaction with 8 mol% of 

CTAB in water but no significant change was observed. An encouraging change was noticed 

when the reaction was carried out with 10 mol% of CTAB in 50 mL water. This gave only 

30% yield of the product (Table 1, entry 3). Surprisingly, the reaction afforded maximum 

90% yield (Table 1, entry 4) when performed with 20 mol% of CTAB. No change in yield 

was noticed when concentration of CTAB was further increased (Table 1, entry 5,6). Besides 

CTAB, other surface active reagents, like sodium dodecylsulfate (SDS) and 

tetradecyltrimethylammonium bromide (TTAB) were also used to perform the reaction 

(Table 1, entries 7 and 8), but no satisfactory results were obtained as compared to CTAB. 

 

Table 1: Effect of different surfactant on the yield of the reaction 

Entry Surfactant Conc. (mol%) Time (min) Yield (%) 

1 - - 190 Traces 

2 CTAB 8 190 Traces 

3 CTAB 10 190 30 

4 CTAB 20 40 90 

5 CTAB 30 40 90 

6 CTAB 40 40 90 
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7 SDS 20 30 30 

8 TTAB 20 30 45 

Lastly, to study the effect of solvents, we replaced water by other organic solvents but the 

results were not as good as in case of water (Table 2). It was also noticed that a higher 

reaction temperature (instead of room temperature) had no effect on the yield. 

 

Table 2 Effect of different solvent on the yield of the reaction 

Entry Solvent Time (min) Yield (%) 

1 Toluene 40 20 

2 THF 30 70 

3 CH3CN 30 55 

4 Hexane 30 30 

5 1,4-Dioxane 30 50 

6 Water 30 90 

Once ideal conditions for conducting the reaction had been identified, the scope and 

limitations of the developed synthetic protocol was explored under the optimized reaction 

conditions with isatin having different substituents (Table 3). In all the cases the desired 

product was obtained in high yield and short reaction times (Table 3). It was observed that 

when an electron withdrawing group was present on the isatin, the reaction proceeded faster 

while the presence of an electron donating group slowed down the reaction (Table 3). 

 

Table 3: Substrate scope
a 

Entry
 

R1
 

R2
 

Product
 

Time(h) Yield(%)b 

1 H
 

CN 4a 6 93 

2 H CO2Et
 

4b 5 94 

3 butyl
 

CN
 

4c 8 91 

4 CH3CHCO2Et
 

CO2Me
 

4d 6 93 

5 allyl
 

CN
 

4e 6 95 

6 H
 

CO2Me 
 

4f 6 93 

7 allyl
 

CO2Me 
 

4g 8 90 

8 allyl
 

CO2Et
 

4h 8 93 

9 CH3CHCO2Et
 

CN
 

4i 10 91 

10 butyl
 

CO2Me
 

4j 6 92 

11 CH3CHCO2Et CO2Et
 

4k 8 95 

12 butyl
 

CO2Et
 

4l 8 94 
a
 
All reactions were carried out with 1 (1 mmol), 2 (1mmol), 3 (1mmol) in 5 mL of  solvent under air. 

b Isolated yields.
 

Formation of desired product seemed to be initiated by Knovenagel condensation of isatin 

and malononitrile to give intermediate I  followed by Michael type addition between uracil 3 

and I now the unstable intermediate II is formed which could not be isolated and undergoes 

simultaneous cyclization followed by air oxidation to finally give the desired product 

(Scheme 2). 
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Scheme 2. Plausible mechanism 

 

Experimental Section 

General procedure for the synthesis of spirooxindole derivatives (4a-4l) 

In a 50 ml round bottom flask, a mixture of isatin derivative (1.0 mmol), activated methylene 

(1.0 mmol), 5-amino-1,3-dimethyluracil (1.0 mmol) and the VB1 catalyst in water (50 mL) 

was taken for an appropriate period of time as indicated in Table 2. During the procedure, the 

reaction was monitored by TLC. Upon completion, the reaction mixture was diluted with hot 

ethanol (10 mL). The crude product was recrystallized from ethanol to afford the 

corresponding pure product. 

Selected spectral data of some representative compounds 

6ʹ-Amino-1ʹ,3ʹ-dimethyl-2,2ʹ,4ʹ-trioxo-1ʹ,3ʹ,4ʹ,5ʹ-tetrahydro-2ʹH-spiro[indoline-3,8ʹ-

pyrido[3,2-d]pyrimidine]-7ʹ-carbonitrile (4a): White solid; m.p. > 300 
o
C; 

1
H NMR 

(300MHz, CDCl3) δ:2.56 (s, 6H,), 6.71-7.56 (m, 7H), 8.56 (brs, 1H,); 
13
C NMR(62.5 MHz, 

CDCl3) δ: 27.19, 28.7, 53.9, 56.1, 101.1, 113.8, 116.2, 122.8, 122.8, 121.8, 128.8,131.0, 

142.1, 148.0, 152.5, 154.5, 158.8; IR (KBr, Cm-
1
): 3631, 3162, 3078, 2123, 1163, 1641, 

1474, 682, 571; Anal. Calcd for C17H14N6O3: C, 58.28; H, 4.03; N,23.99; Found: C, 58.25; H, 

4.07; N, 24.07. 

Ethyl-6ʹ-amino-1ʹ,3ʹ-dimethyl-2,2ʹ,4ʹ-trioxo-1ʹ,3ʹ,4ʹ,5ʹ-tetrahydro-2ʹH-spiro[indoline-

3,8ʹ-pyrido[3,2-d]pyrimidine]-7ʹ-carboxylate (4b): White solid; m.p. > 300 
o
C; 

1
H NMR 

(300MHz, CDCl3) δ: 1.12 (t, J= 7.4 Hz), 2.63 (s, 6H), 4.10 (q, J= 5.1 Hz, 2H), 6.82-7.65 (m, 

7H), 7.96 (brs, 1H,); 
13
C NMR(62.5 MHz, CDCl3)δ: 15.3,28.6, 31.7, 44.0, 47.4, 76.5, 104.8, 

120.6, 125.0, 128.1, 133.0, 135.3, 145.0, 164.1, 166.5, 169.9,178.0, 178.9; IR (KBr, Cm-
1
):3625, 3188, 3117, 1172, 1651, 1484, 682, 575; Anal. Calcd forC19H19N5O5: C, 57.43; H, 

4.82; N, 17.62; Found: C, 57.51; H, 4.74; N, 17.67. 
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6ʹ-Amino-1-butyl-1ʹ,3ʹ-dimethyl-2,2ʹ,4ʹ-trioxo-1ʹ,3ʹ,4ʹ,5ʹ-tetrahydro-2ʹH-spiro[indoline-

3,8ʹ-pyrido[3,2-d]pyrimidine]-7ʹ-carbonitrile (4c): White solid; m.p. > 300 
o
C; 

1
H NMR 

(300MHz, CDCl3) δ: 1.23 (t, J= 2.1 Hz, 3H), 1.67-1.71 (m, 4H,), 2.82 (s, 6H), 4.17-4.25(m, 

2H), 6.71-7.56 (m, 7H); 
13
C NMR(62.5 MHz, CDCl3) δ: 13.1,20.2, 29.1, 30.3, 30.4, 43.4, 

54.1 55.7, 102.6, 115.7, 121.4, 122.6, 124.3, 127.0, 142.7, 143.6,152.9, 155.7, 161.4, 167.7; 

IR (KBr, Cm-
1
): 3177, 3073, 2922, 2111, 1827,1652, 1454, 1161, 1122, 1011, 812, 681; 

Anal. Calcd for C21H22N6O3: C, 62.06; H, 5.46; N,20.68; Found: C, 61.92; H, 5.53; N, 20.74. 

Methyl-6ʹ-amino-1-(1-ethoxy-1-oxopropan-2-yl)-1ʹ,3ʹ-dimethyl-2,2ʹ,4ʹ-trioxo-

1ʹ,3ʹ,4ʹ,5ʹtetrahydro-2ʹH-spiro[indoline-3,8ʹ-pyrido[3,2-d]pyrimidine]-7ʹ-carboxylate 
(4d): White solid; m.p. > 300 

o
C; 

1
H NMR (300MHz, CDCl3) δ: 0.98 (t, J= 7.5 Hz), 1.40 (d, 

J= 7.6 Hz), 2.71 (s, 6H), 3.71 (s, 3H), 4.10 (q, J= 5.1 Hz, 1H), 4.55 (q, J= 7.7 Hz,2H), 6.87-

7.63 (m, 7H); 
13
C NMR(62.5 MHz, CDCl3) δ: 14.1, 14.8, 29.4, 29.5, 41.1, 51.0, 61.2, 65.2, 

81.6, 101.4, 117.4, 110.7, 122.6, 145.5, 148.4, 152.5, 157.0,163.5, 165.8, 167.8, 172.9, 174.1; 

IR (KBr, Cm-
1
):3436, 3204, 2956, 1766, 1698, 1653, 1544,1497, 1428, 1251, 985, 764; Anal. 

Calcd for C23H25N5O7: C, 57.14; H, 5.21; N, 14.49; Found: C,57.27; H, 5.32; N, 14.56. 

1-Allyl-6ʹ-amino-1ʹ,3ʹ-dimethyl-2,2ʹ,4ʹ-trioxo-1ʹ,3ʹ,4ʹ,5ʹ-tetrahydro-2ʹH-spiro[indoline-

3,8ʹ-pyrido[3,2-d]pyrimidine]-7ʹ-carbonitrile (4e): White solid; m.p. > 300 
o
C; 

1
H NMR 

(300MHz, CDCl3) δ: 2.84 (s, 6H), 4.20 (q, J=2, 4.5 Hz, 2H), 5.06 (dd, J= 1.6, 4.7 Hz, 1H), 

5.57 (dd, J= 1.7, 10.2, 1H), 5.84-5.90 (m, 1H), 6.88-7.46 (m, 7H); 
13
C NMR(62.5 MHz, 

CDCl3) δ: 28.5, 29.0, 46.7, 51.2, 57.2, 102.4, 118.2, 121.7, 124.6,126.2, 131.0, 143.3, 152.5, 

153.0, 162.8, 163.5, 165.8; IR (KBr, Cm-
1
):3523, 3081, 3019, 2015,1694, 1621, 1473, 1162, 

671, 564; Anal. Calcd for C20H18N6O3: C, 61.53; H,4.05; N, 21.53. Found: C, 61.61; H, 4.08; 

N, 21.60. 

Methyl-6ʹ-amino-1ʹ,3ʹ-dimethyl-2,2ʹ,4-trioxo-1ʹ,3ʹ,4ʹ,5ʹ-tetrahydro-2ʹH-spiro[indoline-

3,8ʹpyrido[3,2-d]pyrimidine]-7ʹ-carboxylate (4f): White solid; m.p. > 300 
o
C; 

1
H NMR 

(300MHz, CDCl3) δ: 2.61 (s, 6H), 3.81 (s, 3H), 6.82-7.62 (m, 6H), 8.71 (brs, 2H); 
13
C 

NMR(62.5 MHz, CDCl3) δ: 27.8, 28.6, 42.2, 48.4, 51.4, 80.8, 100.9, 110.8, 117.4,122.6, 

131.0, 131.3, 142.0, 154.5, 158.1, 161.5, 164.2, 168.7, 180.2; IR (KBr, Cm-
1
): 3881, 

3164,3073, 3062, 2905, 1863, 1686, 1667, 1471, 1157, 1138, 1016, 1022, 812, 679, 563; 

Anal. Calcd for C18H17N5O5: C, 56.39; H, 4.47; N, 18.27; Found: C, 56.46; H, 4.57; N, 18.33. 

 

Conclusion 

In summary, we have developed an efficient, multi-component, one pot synthesis of 

spirooxindoles and its derivatives in aqueous micellar medium by using Thiamine 

hydrochloride as a promoter. This methodology possess several advantages such as non-toxic 

and inexpensive catalysts, easy work-up procedure, use of green solvent, low temperature, 

aqueous micellar system and short reaction time. Therefore we concluded that this synthesis 

follows several view point of green chemistry. 
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