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SYNTHESIS 1-INDOLE ENAMINE ASCORBIC ACID, A NEW ENAMINE 

DERIVATIVE FROM THE ASCORBIC ACID AND INDOLE 

 

Abstract: The new enamine (1- indole enamine ascorbic acid) 1 have been 

synthesized in three steps from the reaction of indole with the ascorbic acid. In the first 

step, the protection of hydroxyl groups in (5, 6) position in ascorbic acid has been 

achieved using the acetone as protection group, then in the second step, the hydroxyl 

groups in (2, 3) position have been protected using iodide methyl. 

The obtained compound (5,6-dioxolan-2,3-metoxy ascorbic acid) have been 

reacted with indole to obtain the target molecule in the third step 

 The purification of compound 1 have been achieved using chromatographic 

methods; the structural determination have been confirmed using spectroscopy method 

(1H-NMR, FT-IR) 
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The biological activity of the compound 1 have been studied against Gram-

positive bacteria (Staphylococcus Aureeus) and Gram-negative (Pseudomonas 

Aeruginosa) bacteria, in comparing to the Gentamicin as a reference active compound. 

 

 

Key words: Ascorbic acid, Indole, Enamine, group protection, Biological 

activity. 
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СИНТЕЗ 1-ИНДОЛ ЕНАМИНА АСКОРБИНОВОЙ КИСЛОТЫ, НОВОГО 
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Аннотация: Новый енамин (1-индол енамин аскорбиновая кислота) 1 

был синтезирован в три этапа из реакции индола с аскорбиновой кислотой. На 

первом этапе защита гидроксильных групп в положении (5, 6) в аскорбиновой 

кислоте была достигнута с использованием ацетона в качестве защитной 

группы, затем на втором этапе гидроксильные группы в положении (2, 3) были 

защищены с использованием йодистый метил. 

Полученное соединение (5,6-диоксолан-2,3-метоксиаскорбиновая 

кислота) подвергали взаимодействию с индолом с получением целевой молекулы 

на третьей стадии 

 Очистка соединения 1 была достигнута с использованием 

хроматографических методов; определение структуры подтверждено с 

использованием метода спектроскопии (1H-ЯМР, FT-IR) 

Биологическая активность соединения 1 была изучена в отношении 

грамположительных бактерий (Staphylococcus Aureeus) и грамотрицательных 

(Pseudomonas Aeruginosa) в сравнении с гентамицином в качестве эталонного 

активного соединения. 

 

 

          Ключевые слова: аскорбиновая кислота, индол, енамин, групповая 

защита, Биологическая активность. 

 

1. Introduction: 

The enamines have a great importance in various domains, many studies 

provided their biological activity against many types of fungi and bacteria [1-4], their 

wide applications in the medical fields and industrial organic synthesis [5]. 

The structure of enamines is included in the structure of some pharmaceutical 

compounds, as the antidepressants medicaments [6], the analgesics of some gastric 

ulcers and the intestinal antiseptics [7]  

The term 'Enamine' was introduced in the first time by Wittig and Blumental', 

their structures are similar to 'enols', and they used as intermediate compounds in 
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various chemical synthesis, because they have the (C-N) bond which has the ability to 

participate with a variety of major reactions, in Particularly the selective acyl 

alkylation. 

Enamines are tertiary amino (cyclic or open) compounds, the valence 

electrons of a nitrogen atom are associated with a double bond. The electron density is 

increased at the carbon atom by the mesomeric form, in consequence the enamines are 

target to the electrophilic attack in the neutral or moderated conditions [8-11].  

The enamines are synthesized from the condensation of secondary amino 

compounds with the compounds containing a carbocations ion [12]. The N- morpholine 

iso-butyraldehyde is prepared from the reaction of iso-butyraldehyde with morpholine 

in an acidic medium according to the following scheme: 

 
 

In continuing to the goal of our laboratory to obtain active compounds by modifying 

the structure of some medicaments, we choice the synthesis of ascorbic acid derivatives 

The Ascorbic acid is a medicinal compound with a great importance in the 

pharmaceutical industry [13], it has anti-cancer activity and it is a carbohydrate 

compound and produced from the industrial oxidation of glucose using many enzymes 

[14-16]. 

The synthesis of derivatives of Ascorbic acid has been achieved in the 

literatures studies, they have many biological activities in some vital fields, and they 

are used in many reactions: such the alkylation in appropriate conditions, the double 

bond formation, and the formation of two-ring derivatives (Michel reaction) [17]. 

In this research, The synthesis of new Enamines 1 has been reported, by the 

reaction between the indol as a secondary amine and the carbonyl (lactone) group in 

ascorbic acid. The antibacterial activity of compound 1 has been studied against 

Staphylococcus Aureeus and Pseudomonas Aeruginosa bacteria. 
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2. Experimental section: 

2.1. Apparatus 

- Proton Nuclear Magnetic Spectroscopy Model 400 MHz from Bruker, Switzerland. 

-  Infrared absorption spectrum model FT-IR-4100 from Japanese company 

SHIMADZU. 

- Rotary evaporator Model 4.91 from the German company Normschiff. 

-  Aluminum foil chromatography sheets, silicon coated, 60F254, measuring 20 x 20 

from Merck, Germany. 

- Thin-coated glass chromatography sheets, 60F254, silicon coated, measuring 20 x 20 

from Merck, Germany. 

2.2. Reagents and materials 

Ascorbic acid, acetone, acetyl chloride, indole, produced by the company: SIGMA 

ALDRICH,CHEMLAB,Riedel-deHaen  & MERCK  BDH,. 

 

2.3. Experimental Procedure: 

The compound 1 is obtained in three steps from the ascorbic acid as beginning 

compound: 

2.3.1. First step: synthesis (5,6-dioxolan ascorbic acid) 

Into a Reaction bottle equipped with a magnetic engine (40ml) of high-purity 

acetone was added to (0.5 ml) of acetyl chloride, the reaction mixture was stirred at 

room temperature for a 1 hour, and, then add (10 mmol; 0.176 gr) of acid Ascorbic was 

added and stirred until dissolution, then, the temperature of mixture is maintained at 

(70C) degree an ice bath. 

The reaction is followed by T.L.C thin layer chromatography using 

(dichloromethane: ethanol) (25%: 75%). In the end of the reaction, a white precipitate 

powder is obtained with a yield of (100%). Its melting point was in the range of (141-

139) oC  
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2.3.2. The second step: the synthesis of 5,6-dioxolan-2,3-metoxy ascorbic 

acid 

In a reaction bottle equipped with a magnetic engine a (10ml) of Dimethyl 

formamide (DMF) was added to (10mmol;0.138 gr) of anhydrous potassium carbonate, 

the reaction mixture was stirred at room temperature for one hour. and then (10mmol; 

0.216 gr) of (5,6-dioxolan ascorbic acid) was added. 

The reaction is followed by T.L.C thin layer chromatography using 

(dichloromethane: ethanol) (30%: 70%) as eluent. 

In the end of reaction, (60ml) of distilled water was added , Then the formed 

product is extracted by ethyl acetate three times, the organic phases is collected and 

evaporated by the lyophilization, then it purified by preparative TLC chromatography. 

A white precipitate powder was obtained with yield (72%), and its melting point ranges 

is (137-135)o C. 

2.3.3.The third step: the synthesis of (1-indole enamine ascorbic acid) 

Add (25 ml) of dichloromethane into a Reaction bottle equipped with a 

magnetic, then (10mmol; 0.244 gr) of (5,6-dioxolan – 2,3-metoxic ascorbic acid) is 

added, the mixture was heated to reflux (400C), then (0.5 ml) of Acetic acid is added 

as to modifying the pH of solution. After (20) minutes, the (10mmol; 0.117 gr) of the 

indole was added and the mixture is stired at (400C) temperature. The reaction is 

followed by TLC using (dichloroethane: ethanol) (35%: 65%) as eluents. 

The mixture was cooled, then a saturated aqueous solution of sodium 

bicarbonate was added to convert excess acid into sodium salt and to maintain the pH 

neutral (pH = 7) 

The neutral solution is filtered, then 20ml of distilled water is added, then 

about 3 to 4 drops of hydrochloric acid (1N) are added to remove the protection of 

hydroxyl groups in the protected position. then the product is extracted using ethyl 

acetate three times, and the organic phases were collected and dried using Anhydrous 

sodium sulfate, and filtered and lyophilized and purified using TLC chromatography. 

a white precipitate was obtained with a melting point of (154-153)oC with a yield of 

(67%). 
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2.3.4. Evaluation antibacterial activity of compound 1: 

To evaluate antibacterial two Petri plate were prepared using (agar medium 11), The 

first plate cultivated with the gram-positive bacterium (Staphylococcus Aureus), the 

second plate cultivated the gram-negative bacterium (Psedomonas Aeruginosa). Two 

samples of the compound 1: (AI and AII) were prepared in two concentrations (50 

and100 µgr/ml) using the dimethyl sulfoxide (DMSO) as solvent, and a sample of the 

reference substance (gentamicin) (GE) was prepared with a concentration of (1mgr/ml) 

using (DMSO). 

The samples (AI and AII) were placed into the Petri plate previously prepared with 

stainless steel cylinders, which have an external diameter (8 ± 0.1 mm), The diameter 

of inhibition zone of two samples (AI and AII) measured and compared with the 

diameter of inhibition zone of gentamicin.  

3. Results and Discussion:  

The synthesis of the compound 1 have been achieved as the retrosynthesis analysis 

According to the following scheme: 
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The compound 1 was synthesized according to three steps: 

3.1. Synthesis (5,6-dioxolan ascorbic acid) 4: 

This step includes protecting ascorbic acid’s hydroxyl groups at (5,6) positions. Where, 

acetone reacts with ascorbic acid in acidic solution as following: 

The proposed mechanism of this reaction is presented as the following scheme: 
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To confirm the protection of hydroxyl groups on position (5,6), the IR spectra of 4 and 

5 have been compared, (Figure 1) and (Figure 2), it observed the disappearance of 

absorption signals within the range (3100-3600) cm-1. 

 

Figure (1): Infrared spectrum of( 6.5-Dioxolan ascorbic acid) 

 

Figure (2): infrared spectrum of (ascorbic acid) 
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3-2- synthesis (5,6-dioxolan-3,2-metoxy ascorbic acid) 2 

The compound 2 have been obtained from the reaction of 4 and methyl iodide CH3I in 

an organic solvent as the following: 

 

 

 

 

 

The reaction was followed using TLC. and the mechanism of reaction for the pervious 

formation is proposed according to the following scheme: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparison of IR spectra (Figure 3) and (Figure 2) of compound 5 and 2 showed 

the disappearance of the protected groups absorbed signals within the (3100-3600) cm-

1 range. 
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3-3-Synthesis (1- Indole enamine ascorbic acid) 1 

The reaction of 2 and the indole in an acidic solution gived the target molecule 1. The 

formation of 1 confirmed using TLC and extracted: 

 

 

 

 

 

A mechanism is proposed for the last reaction according to the following scheme: 

 

 

 

 

 

 

 

 

The obtained enamine has an enol isomere, so the final form of the required 

compound becomes as follows: 

 

 

 

The molecular structure of the resulting inamine (1- indole enamine ascorbic acid) was 

determined using spectroscopy: H1-NMR, FT-IR. 

Figure (3): Infrared spectrum of (5.6 - Dioxolan - 2,3 - ascorbic acid) 
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The Table (1) shows the most important IR spectroscopy Signals for the compound 1 

Table (1): some IR absorption  compound 1 

 

 

 

 

 

 

When comparing the infrared spectrum of the compound 1 with the spectrum of 

protected ascorbic acid, a shift was observed in the absorption value of the carbonyl 

group and the disappearance of the absorption signal of one of the hydroxyl groups 

indicating the formation of the compound 1. 

The proton Magnetic Nuclear Spectrum showed 1H -NMR (Figure 5) using 

DMSO solvent. 

 

Figure (5) 1H -NMR spectrum of (1- indole enamine Ascorbic Acid) 

-OH H–3
SPC C=O C-O  functional 

groups 

3205 

3390 

3550 

2916 1690 1050 

Stretching 

vibrations 

cm-1 

Figure (4) infrared spectrum of (1- indole enamine Ascorbic Acid) 
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Table (2) shows the displacement values and mating constants calculated according 

to the device frequency of 400MHz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-4- Evaluation the antibacterial activity of compound 1: 

The biological activity of the synthesized compound 1 (AI and AII) with (100 µgr/ml, 

50 µgr/ml was studied in a method of spreading the tablets to two bacteriostatic strains: 

Staphylococcus aureus, Psedomonas Aeruginosa. thesamples (AI and AII) was highly 

active on bacteria in comparing with gentamicin anti-inflammatory drug. (0.1) cm3 

from the diluted bacterial suspension was transferred to the center of nutritious Nutrient 

agar and spread on the surface of the center in a homogeneous methods, then incubated 

for 30 minutes at a temperature of 37 °C. In the same time, the tablets were filled with 

the (AI and AII) and active gentamicin. The discs were prepared from stainless steel 

cylinders, which have an external diameter (8 ± 0.1 mm). The tablets containing the 

nutrient medium then sterilized with sterile concentrates. At this time, the Gentamicin 

stainless steel cylinders is filled with a concentration of (1 mg/ml), all in one dish and 

incubated at a temperature of (37) °C for (36) hours. 

 

 

 NMR(δ,ppm)-H1 الرقم

1 (t, J= 8.2Hz , 1H)   3.74 

2,2' 3.18(m ,2H) 

3 4.71(d, J= 1.08Hz, 1H) 

4 3,46(m,1H) 

5 4,73(d, J=1,56Hz,1H) 

6 11,01(s,1H) 

7→12 Aromatic field at Indole 



__________________________________________________________________________ 

«Научно-практический электронный журнал Аллея Науки» №5(44) 2020              

Alley-science.ru 

The following figure (6) show The zones of inhibition, and The zones of inhibition is 

measured by a graduated ruler and the results are recorded in the table (3). 

 

 

  

  

 

 

 

 

 

 

 

Figure (6): The zones of inhibition  against to the growing of Staphylococcus 

aureus and Psedomonas Aeruginosa. in different concentrations 

 

Table (3): The Activity of the resulting compound (AI), It is calculated by measuring diameter 

of the inhibition zone (mm). 

References. (mm) Compound 1 

 DMSO 
Gentamicin 

(1mgr / ml) 

AII 

(µgr/ml111) 

AI 

(µgr/ml51) 

 

Diameter of the inhibition zone (mm) 

- 92 99 11 

Staphylococcus 

Aureeus 

(S.T) 

Gram positive 

- 92 11 92 

Psedomonas 

Aeruginosa 

(P.S) 

Gram positive 
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4. Conclusion: 

1- A new enamine derivative of ascorbic acid was synthesized in three steps, the 

optimal conditions were studied in order to obtain the highest yield. 

2- We suggest synthesizing other enamine derivatives from ascorbic acid using other 

aimno compounds. 
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