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Abstract: Three Dialdehydes were synthesized by the reaction of Salicylaldehyde and many Aliphatic and Aromatic 

Halides. The optimal condition (Catalysts, Temperature, Time of Reaction and Effect of Solvents) to get a high selective 

compounds and high yields have been studied. The reactions were followed by using Thin Layer Chromatography (TLC). The 

synthesized compounds were purified and characterized by means of High Performance Liquid Chromatography (HPLC) and 

spectroscopy methods: Infrared Spectra (IR), 
1
H-NMR, 

13
C-NMR. 
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1. Introduction 

The cyclic or open chain Schiff bases compound are an 

important class of compounds because it has useful physical 

and chemical properties and also for their biological 

importance [1], [2], It attracted an important attention for 

their pharmacological properties, coordination behavior and 

their capacity for extracting selectively some anions and 

metals of biochemical and environmental importance.[3], [4]. 

The macrocyclic Schiff bases containing heteroatoms such 

nitrogen played similar role as metal incorporation as it 

happened in proteins, in which the concerning metal ion is 

bound in a macrocyclic cavity or cleft produced by the 

conformational arrangement of the protein [5], [6]. Metal 

ions have enormous importance in many biological 

processes, but the increased concentration of metal ions 

especially heavy metal ions exerts toxic effects on living 

system. Therefore, separation and determination of metal 

ions in environmental sources and living organisms play an 

important role for the sustainability of healthy life [7], [8]. In 

spit of the metal ions have enormous importance in many 

biological processes, but when their concentration increase, 

the metal ions especially heavy metal ions exert toxic effects 

on living system, Therefore, it is very important for the 

sustainability of healthy life to find the possibility to separate 

and determinate the metal ions in environmental sources and 

living organisms. The need for the selective extraction of 

some heavy metal ions encourages for synthesizing the Schiff 

base compounds having effective extractability, Some of the 

Macrocyclic Schiff bases ligands exhibit high selectivity in 

the extraction and removing of different metal ions [9].  

The present article deals the synthesis of some compounds 

which after a condensation with an appropriate amine can 

used as macrocyclic Schiff base. The synthesis of the 

dialdehyde compounds were achived by the reaction between 

Salicylaldehyde (salOH) and many aliphating and aromatic 

halides. The conditions of these reactions were studied and 

the optimum condition of their synthesis using different 

organic solvents and different heterocatalysts such as the 

(K2CO3, KOH, NaHCO3). In addition, the effect of the 

temperature and solvents on the yield of the reactions to 

obtain the better conditions to the synthesis of the target 

molecules. [10-13]. 

2. Experimental Section 

2.1. Experimental Material 

Salicylaldehyde (98%) was obtained from 

(QUALIKEMS), 1, 2-Dibromoethane, Bis (2-chloroethyl) 

ether 98% and Dichloro-m-xylene (by Sigma Aldrich), 
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Dimethylformamide, Dimethyl sulfoxide, Sodium Hydrogen 

Carbonate and Anhydrous Potassium Carbonate (by 

CHEMLAB), Potassium Hydroxide Anhydrous, 

Tetrahidrofuran, Methanol, Ethanol and Diethyl ether (by 

BDH), Methanol and Acetonitrile (High purity for HPLC) 

(by Sigma Aldrich), Thin Layer Chromatographic of 

aluminum coated by Silica Gel 60F254 measuring 20 X 20 

from the German Company Merck. 

2.2. Instrumentation 

The purification was achived by High performance Liquid 

chromatography (HPLC), system (Smartline, D-14163, 

Germany) equipped with an isocratic pump (Smartline Pump, 

K-1001), UV detector (Smartline, G1314B). Equipped with 

an isocratic pump (Smartline Pump, K-1001), UV detector 

(Smartline, G1314B). HPLC data were Purity using 

(Eurochrom HPLC Software. Version 3.05 P5) 

Chromatographic tests were achieved on an ODS C18 (250 x 

4.6 mm) column (Eurospher, Ger-many) at room 

temperature. The used mobile phase consisted of MeOH and 

Acetonitrile with a flow rate of 1.0 ml.min
-1

. The detection 

wavelength was set at 320 nm. Infrared spectra of 

compounds were recorded in KBr Pellets from the Japanese 

Company Jasco spectrophotometer in the range 4000-400 

cm
-1

, 
1
H, 

13
C NMR (proton and carbon) spectra were 

recorded on a Bruker 400 MHz. 

2.3. General Procedure for the Synthesis of Dialdehyde 

Compounds 

The dialdehydes were synthesised by reaction between the 

Salicylaldehyde with 1,2-dibromoethane using different 

heterogeneous catalysts, solvents and temperatures. (salOH) 

and a heterogeneous catalysts were added to the two-neck 

flask. Several types of catalysts (KOH, K2CO3, NaHCO3 and 

non-Catalyst) were added in the presence of different 

solvents (DMF, Methanol, Acetonitrile and non-Solvent), 

then the 1, 2-dibromoethane was added. After confirming the 

end of the reaction via (T. L. C), the product separated, 

purified and dried, then recrystallized by ethanol and then 

washed several times with diethyl ether. The bright brown 

crystals compound was obtained with M. P: 120°C. The 

quantity of used compounds presented in the table 1. 

Table 1. The quantity of used reagents and the yield of the synthesized 

compounds. 

No Compound Halide Catalyst Reagent Yield % 

1 [EDOD] 
(0.558 gr, 

0.003mol ) 
K2CO3 

(0.414 gr, 

0.003mol ) 
80 

2 [OEBOD] 
(0.429 gr, 

0.003mol ) 
K2CO3 

(0.414 gr, 

0.003mol ) 
80 

3 [PMOD] 
(0.525 gr, 

0.003mol ) 
K2CO3 

(0.414 gr, 

0.003mol ) 
82 

3. Results and Discussion 

Three dialdehyde compounds have been synthesized by 

the reaction of the Salicylaldehyde with some alkyl and aril 

halides as demonstrated in the table 2 following the general 

equation: 

 
Figure 1. Reactions of synthesis of the Dialdehydes. 

Table 2. Different Halides used in the synthesis of the Dialdehydes. 

Entry Aromatic and aliphatic halides products 

n = 0 1,2-dibromoethane 2,2'-(ethane-1,2-diylbis(oxy))dibenzaldehyde [EDOD] 

n = 1 bis(2-chloroethyl)ether 2,2'-(oxybis(ethane-2,1-diyl)) bis(oxy) dibenzaldehyde [OEBOD] 

n = C6H4 Dichloro-m-xylene 2,2'-((1,3-phenylenebis(methylene))bis(oxy))dibenzaldehyde [PMOD] 

 

The mechanism of these reactions can be supposed as the 

following general mechanism, which explain the formation 

of the synthesized compounds: 

 
Figure 2. General Mechanism of Organic Synthesis Reactions. 

3.1. Studying the Optimum Conditions 

In order to adjust the optimum conditions for the 

preparation the dialdehyde compound (EDOD) by the 

reactions between Salicylaldehyde with Dibromopropane. 

The effect of the Solvents, Catalysts, Temperature and Tim 

was studied. 

3.1.1. Studying Effect of Solvent on Yield 

Table 2. The effect of different Solvents on yield of synthesized compounds. 

Solvent Yield % 

Methanol 55 

CH3CN 65 

DMF 78 

DMSO 71 

non-solvent 13 

In the beginning, the influence of polar solvents such 

methanol and some non-protonated polar solvents: 

(Tetrahidrofuran (THF), Dimethylformamide (DMF), 

Dimethyl sulfoxide (DMSO) have been studied, The non-

protonated polar solvents gave better yield than others, due to 

the hard necessary conditions for the bimolecular 

nucleophilic substitution (SN2) such as solvents [17] to 

deprotonating the hydroxyl group. It is clear from table 3 that 
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the best yield is with the DMF in comparing to the other 

solvents, it must say that the reaction without any solvent 

decreases dramatically the yield, due to the oxidization of the 

aldehyde, The reaction in inert atmosphere such Argon is 

necessary to prevent any oxidization of the aldehyde 

functional group. 

3.1.2. Studying Effect of Catalyst on Yield 

Several heterogeneous catalysts have been used during the 

synthesis of dialdehydes, such (K2CO3, KOH, NaHCO3) and 

also without catalyst (Table 4). The best yield was obtained 

with K2CO3 catalyst, while the reaction without catalyst was 

incomplete due to the acidity of hydrogen atom in the 

hydroxyl group, which needs a weak alkaline catalysts in 

order to induce the formation of carbocation (OK
+
), the 

intermediate compound as it demonstrated in the following 

mechanism Figure 3. 

 
Figure 3. Mechanism of the Carbocation and the Synthesized Compounds 

Formation. 

Table 4. The effect of catalysts on the Yield of synthesized Dialdehydes. 

Catalyst Yield % 

KOH 65 

K2CO3 80 

NaHCO3 50 

non-catalyst ـــــــ 

3.1.3. Studying Effect of Temperature on Yield 

 
Figure 4. The effect of temperature on yield. 

Temperature can play an important role in yielding in 

nucleophilic substitution reactions [18]. The high 

temperature improved the yield, until T= 153°C (boiling 

point of solvent), after this degree, the yield didn’t changed 

because the solvent will remain boils at the same degree. The 

effect of temperature on reactions is demonstrated in Figure 

4. In order to orient the substitution on the hydroxyl group, 

the higher temperature above the boiling point of solvent is 

necessary, while in low temperature the yield was not good, 

that is due to hard conditions which it is necessary to the 

bimolecular nucleophilic substitution [17-19]. 

3.1.4. Studying Effect of Time on Yield 

The effect of reaction time on the yield has been studied, it 

has been noticed that the best yield of the compounds at the 

optimum temperature (153°C) needs to 12 h, but at the 

longest time, the yield begins to decrease, because the 

oxidization of the aldehyde group to a carboxylic acid 

(COOH), that is confirmed by observing the reaction via (T. 

L. C) Figure 5. 

 
Figure 4. The effect of time of reaction on yield. 

3.1.5. Studying Effect of Catalyst on Yield 

The best yield obtained with the Basic Catalysts, weak and 

strong base such K2CO3 or KOH, both improved the yield in 

comparison to the acidic catalysts such NaHCO3; The 

following Table 5 illustrates the comparison between Base 

Catalysts in terms of yield and reaction time. 

Table 5. Comparison between Weak Base Catalysts and Strong Base 

Catalysts. 

Solvent 
K2CO3 KOH 

Time (h) Yield (%) Time (h) Yield (%) 

MeOH 24 55 28 50 

CH3CN 18 58 24 55 

DMF 12 78 12 68 

DMSO 10 71 10 68 

After this study, the optimum conditions for the 

preparation of EDOD, The compounds: OEBOD and PMOD 

by the reaction between the salOH and the Aromatic and 

aliphatic halides.  

3.2. Spectroscopic Studies of the Resulting Compounds 

3.2.1. Physical Properties of the Synthesized Compounds 

Three dialdehyde compounds have been synthesized in the 

selected optimum condition as demonstrated above, some 

Physical Properties, Yields and Element Analysis are 

presented in the Table 6: 
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3.2.2. IR and NMR Spectra of Synthesized Compounds 

The FT-IR spectra of the studied Compounds shown the 

characteristic EDOD absorption bands at 2923 cm
-1

 (CSP3-H 

stretching), 1686 cm
-1

 (-C=O stretching), 1627 (-C=C 

stretching), 1290 cm
-1

 (Ar-O bending), and 1045 cm
-1

 (C-O-

C stretching), which provided evidence of the Ethers, and 

Aldehydes functional groups. The spectra of the OEBOD and 

PMOD compounds, shown absorption bands at 2932 cm
-

1
(CSP3-H stretching) and 1688 cm

-1
 (-C=O stretching). The 

successful synthesis of the three compounds confirmed by 

the disparition of the large absorption of the OH stretching in 

the resulting compounds at 3435 cm
-1

 and Shift of the 

stretching band of the carbonyl group (-C=O stretching) at 

1680-1670 cm
-1

, and it confirmed by the it the obvious 

absorption band at 1180-1045 cm
-1

 and binding absorption of 

the C-O-C bond. In another hand, the confirmation of the 

purity of the formed compounds achieved by the HPLC 

chromatograms of the standard (salOH) and resulting 

compounds in the following selected conditions: (λmax= 320 

nm, MeOH and Acetonitrile as mobile phase by using 

reversed-phase ODS column for 10 min. The retention time 

of the three dialdehyes: EDOD, OEBOD and PMOD as well 

as the standard (salOH) eluted between 4.80 and 5.20 min. 

(Figure 8). 

Table 6. Physical Properties, elemental Analysis and yields of synthesized compounds. 

Entry Yield color 
Elemental Analysis % Found (% Calc) 

C O 

 

80 Bright brown 70.69 (71.10) 23.42 (23.68) 

 

80 Bright brown 66.89 (68.78) 25.13 (25.45) 

 

82 White needle 64.30 (65.45) 28.64 (29.06) 

 
Figure 6. Crystals form the three Compounds and their Dimensions under the Electronic Microscope. 
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Finally, 
1
H-NMR,

 13C
-NMR spectra of resulting 

compounds EDOD, OEBOD and PMOD in CDCl3 were 

recorded. The multiple observed in the region around δ 9.0-

10.5 ppm in all the Synthesized Compound have been 

assigned to the aromatic protons. The signal in the region 

0.5-4.5 ppm is due to methylene protons near to oxygen. The 

absence of an absorption in the region δ 14.0-15.0 ppm in the 

compounds indicate deprotonation of the phenolic (-OH) 

group of the Aromatic aldehydes and coordination to alkyl 

halide through the phenolic oxygen. 

EDOD Yield: 80%, m. p: 120°C, 
1
H-NMR (CDCl3, δppm): 

4.29(s, 2H, -OCH2-), 9.75-10.57(m, Ar–H), 13.15(s, 1H, 

CHO), 
13

C-NMR (δ, ppm) CH2: 67.01, Aromatic: 112.69. 

121.52, 125.21, 128.73, 135.94, 160.72, CHO: 189.37. 

OEBOD Yield: 80%, m. p: 76°C,
 1
H-NMR (CDCl3, δppm): 

0.9-1.1(dd, 2H, CH2-O-ph), 0.6-0.8 (ddd, 2H, O- CH2), 3.5-

4.75 (m, Ar-H), 4.0 (s, 1H, CHO),
 13

C-NMR (δ, ppm) OCH2: 

68.32, CH2Oph: 69.91, Aromatic: 112.84, 121.12, 125.09, 

128.45, 135.95, 161.09, CHO: 189.70. 

PMOD Yield: 82%, m. p: 75°C, 
1
H-NMR (CDCl3, δppm): 

1.55(s, 4H, 2CH2O), 5.20-7.88 (m, Ar-H), 10.52 (s, 1H, 

CHO),
 13

C-NMR (δ, ppm) CH2: 70.22, Aromatic: 112.97, 

121.20, 125.18, 126.05, 127.20, 128.66, 129.24, 135.95, 

136.74, 160.86, CHO: 189.68. 

 

Figure 7. Chromatograms of 20 µ/ml solutions of the standard and samples 

of the synthesised compounds, λmax = 320 nm; MeOH, Acetonitrile; flow 

rate = 1 ml/min; t0 = 3.10 min. samples: (I) EDOD; (II) OEBOD; (III) 

PMOD. 

4. Conclusions 

From the above mentioned results, The synthesis of three 

dialdehyde compounds was achieved by the condensation of 

salicylaldehyde with 1.2-dibromoethane, bis (2-chloroethyl) 

ether and dichloro-m-xylene in percentage of 2:1 molar ratio 

(salOH: Halide), these compound can be used as in the 

synthesis of Schiff bases by condensation with a suitable 

amine. The effect of heterogeneous (K2CO3, KOH, 

NaHCO3) catalysts on the yield of the resulting compounds 

were studied in comparison with the yield without using the 

catalyst. The using of K2CO3 catalyst improved the yield. 

The influence of many polar solvents such: Methanol, 

Tetrahidrofuran, Dimethylformamide and Dimethyl sulfoxide 

and the influence the temperature and the effect of the time 

have been studied. The best yield obtained with the DMF in 

153°C at time of 12 h. The three compounds can be used as 

beginning compound to synthesis of many macrocyclic 

Schiff bases in condensation with many open or cyclic 

amine. 
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