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Preparation and Physicochemical Characterization
of New Sweetener from Sucrose
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Abstract: The derivative from sucrose was prepared by substituting hydroxyl groups with chlorine.
Identification of the modified sucrose was performed using the following analysis: Thin Layer chromatography
(TLC), high performance liquid chromatography (HPLC), H-NMR, mass spectroscopy (MS), Inferred1

spectroscopy (IR), melting point, OH groups. Moreover, some physical properties including: melting point,
viscosity, surface tension and solubility.
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INTRODUCTION sugar intake by eating a wider variety of food that

Early attempts at chemically modifying sugars failed sugar derivatives in which hydroxyl groups at positions
to produce analogues which were sweeter than their other than the anomeric axis have been replaced by
parent compounds. Usually,  they  were  either  less halogen atoms. The search for new methods of synthesis
sweet, bitter-sweet or bitter. Modifications such as of these derivatives has been an active area of study for
deoxygenation, methylation or esterification of one or many years. The compounds used as synthetic
more of the OH groups in sucrose, for example, similarly intermediates, deoxysugars, thus, the increasing
gave  derivatives  that  taste  as  sweet, less sweet or application of deoxyfluoro sugars for the study of
bitter-sweet compared to sucrose itself. It was discovered carbohydrate metabolism and transportation in both
that 4,6,1',6'-tetrachloro-4,6,1',6'-tetradeoxy-galactosucrose normal and pathological  states  has  stimulated
has a  sweetness  intensity  200 times that of sucrose [1]. importance in their chemical and biological properties [3].
It was the first instance in which a synthetic derivative The 1,6-dichroro-1,6-di-deoxy- -fructofuranosyl-4-chloro-
was significantly sweeter than its parent sugar. Since 4-deoxy -galactopyranoside was selected for
then, numerous other intensely sweet halogenated development and commercialization as a non-nutritive
sucrose derivatives have been synthesized. Sucrose in sweetener. The selective chlorination of the sucrose
one of the most widely used ingredient in the food we produced remarkable changes to the sweetness intensity
buy. Comparing the sweetness of all other non nutritional and stability of sucrose, without compromising test value
to sucrose, this is classification as a nutritive sweetener, [4]. The sucralose is free flowing, water soluble, white
other nutritive sweeteners i.e. fructose, lactose, maltose, crystalline that on  average  about  600  times  sweeter
honey,  xylitol,  sorbitol, and mannitol. Nutritive sugars than sugar and being accepted for use in baked goods,
not only add flavor to food but they also add a lot of baking  mixes,  chewing  gum, coffee and tea products.
calories.  Because,  of  the  changing dietary habits and The safety of sucralose determined, Food and Drug
the  improving  quality  of  nonnutritive sweeteners. Administration (FDA) reviewed data from more than 100
These improved sugar substitutes after consumers and studies in human and animals [5-7]. The aim of this study
food manufacturer greater food choices. For case, is the preparation of sweetener from sucrose high sweeter
diabetics who must restrict their consumption of simple than sucrose and study its chemical and physical
sugars and people trying to lost weight can reduce their properties.

contains nonnutritive sweeteners [2]. Halogen sugars are
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Experimental Melting Point: The melting point of the prepared
Preparation of 4,6,1 ,6 -tetra Chlorogalactosucrose: derivative was determined [16].
Sucrose derivative was prepared according to Lee [8] and
Robyt [9]. The 18 ml solution of sucrose in pyridine and Viscosity and Solubility: The solubility in water and the
18 ml of chloroform was stirred at -50°C, treated with viscosity were determined [17].
freshly distilled sulfurlychloride 42 ml drop wise, stirred
for 2h at -50°C, and then allowed to slowly attain at room RESULTS AND DISCUSSION
temperature. The mixture was poured into vigorously
stirred ice cold sulfuric acid 10%, for 30min and extracted The content of chlorine in the 4,6,1 ,6 -
with dichloromethane. The extract was washed tetrachlorogalactosucrose was 34.0%, the calculated molar
successively with water, saturated sodium bicarbonate, ratio (MR) of chloride (Cl) in the derivative showed that
water, dried sodium sulfate and concentrated. A solution the tow sugars contained four chloride atoms (Cl)
residue in methanol was cooled and treated with a few of assuring that they were 4,6,1 ,6 -
0.8 % sodium iodide in methanol-water (1:1) which led to tetrachlorogalactosucrose. At the same times the
dechlorosulfation. The mixture was neutralized with calculated molar ratios of the other elements were 12
sodium bicarbonate, filtered and concentration. The Carbon (C), 7 Oxygen (O), 4 Hydroxyl (OH) and 18
4,6,1 ,6 -tetrachlorogalactosucrose was purification using Hydrogen (H). So, it can be concluded that the
column chromatography. dramatization process had lead to integrating four chloride

Chemical Analysis of 4,6,1 ,6 -tetra High performance liquid  chromatography  (HPLC)
Chlorogalactosucrose: The moisture content, carbon and was used to identify 4,6,1 ,6 -tetrachlorogalactosucrose.
hydrogen were determined [10]. The chloride and The compound separated was detected using reflective
hydroxyl groups were determined [11, 12]. The surface index (RI) detector. Clear separation was achieved when
tension of aqueous solution was measured using a Kruss sucralose was detected at 24.1 min, sucrose at 10.19 and
tension-meter [13]. 4,6,1 ,6 -tetrachlorogalactosucrose at 31.80 min. It could

Identification of Modified Compound 4,6,1 ,6 -tetrachlorogalactosucrose   detonative   [18].
Thin Layer Chromatography: The sample in methanol Also, The thin layer chromatography (TLC) was used to
places the plate in mobile phase which contains sodium detect and identify 4,6,1 ,6 -tetrachlorogalactosucrose.
chloride and acetonitrile (7:3, v/v) and allow the solvent The pure derivative was developed separately to measure
front to ascend approximately 20 cm. The plate was dry their retention factor (Rf). This simple and cheap
and spry with the solution which contains 15% sulfuric technique could be also used for general analysis and
acid in methanol. Heat the plate in an oven at 120°C for 10 identification of derivatives [19]. The solvent system
min. acetyl acetate: methanol: water (6:2:1, v/v/v) was used on

High Performance Liquid  Chromatography  (HPLC): The infra red (IR) spectra show the presence of many
The sample was injected into HPLC using water as functional groups, stretching band at 3400-3600 Cm
solvent at a flow rate of 0.5 ml/min, carbohydrate analysis which are probably associated with the OH group of
column. Identification and quantitative of sugars were native carbohydrate and carbohydrate derivatives.
done using the external standard method. Sucrose shows a strong free hydroxyl absorption peak at

H-NMR Spectra: H-NMR was recorded at 500 KHz in assignments cannot be considered unequivocal because
CDCl  [14]. differ literature. However, Galactosucrose has no strong3

Mass Spectra: Mass spectrum was recorded on either on Cm indicating that the strong peak sucrose spectrum is
a finnigan MAT95 instrument using electronic ionization due to un-bonded 4-OH group (Figure 1). The absorption
70 ev mode [15]. at 800-600 Cm  revealed the presence of C-Cl [20-21].

Infra Red Spectrum: Infra red spectrum of sample was showed a molecular ion (M ) at m/z 416 which
determined [16]. The sample was run mixed with KBr corresponded to the molecular formula C H O Cl
pellets and then analyzed using infra red spectrometer. (4,6,1 ,6 -tetrachloro    galactosucrose).     Moreover,    ion

atoms replacing four hydroxyl groups [8, 11].

be said that HPLC is a suitable method for detection of

silica gel and the Rf was 0.58.

1

3563 Cm  and a weak peak at 3530 Cm , these1 1

free hydroxyl absorption peak, only a minor peak at 3520
1

1

The EI mass spectrum of  derivative  Figure (2)
+
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(a)

(b)
Fig. 1: Infrared spectrum of (a) sucrose and (b) 4,6,1 ,6 -tetra chlorogalactosucrose

(a)

(b)
Fig. 2: Mass spectrum of (a) sucrose and (b) 4,6,1 ,6 -tetra chlorogalactosucrose
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(a)

(b)
Fig. 3: H NMR spectrum of (a) sucrose and (b) 4,6,1 ,6 -tetra chlorogalactosucrose1

peaks of m/z 277, 182, 164 and 77 were detected; the mass the melting point  of  the  chloroderivatives  was about
spectral data are in agreement with the fragmentation 35% of that of native sucrose. The sit of substitution
pattern. seems  to  have a significant impact on the melting point.

HNMR spectrum data of 4,6,1 ,6 - In the tetrachlorosugars, the derivative 4,6,1 ,6 -1

tetrachlorogalactosucrose (Figure 3) showed the signals tetrachloro-galactosucrose  showed  more reducing
characteristic for 4,6,1 ,6 -tetrachlorogalactosucrose, H1, impact on the melting point value. So, it could be
4.5; H-2, 4.7; H-3, 4.8; H-4, 5.6; H-3', 4.5; H-4', 4.7; Cl, 3.9. concluded that the substitution of OH on position 4 or 1'
The chemical shift indicates chloride substitution at C4, was  most  acting on this parameter than   on  position 6
and the values of the coupling constants are indicative of [8, 17].
the galacto configuration. From NMR, MS, IR results, and The viscosity of 4,6,1 ,6 -tetrachlorogalactosucrose
elements analysis, the chemical structure of modified at different concentrations (10, 20, 30, 40%) and different
sugar 4,6,1 ,6 -tetrachlorogalactosucrose. temperature (20, 30, 40, 50°C) were calculated. Viscosity of

Physical Properties: Melting point of 4,6,1 ,6 - sucrose at the same concentration and the same
tetrachlorogalactosucrose was recorded as 62°C, while the temperature. The general reduction in viscosity is
melting point of sucrose 170°C. The most conspicuous apparently due to the reduction in the number of the OH
reduction was observed in the tetrachlorosugars where groups [22].

4,6,1 ,6 -tetrachloro-galactosucrose was lower than
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Comparison between sucrose and 4,6,1 ,6 - 6. Grotz, V.L. and IC. Munro, 2009. An overview of the
tetrachloro-galactosucrose   at    different   concentrations safety of sucralose. Regulatory Toxicology and
(0.1, 0.5, 1, 2.0 %) have been done according to their Pharmacology, 55(1): 1-5.
surface tension values. The results showed that 4,6,1 ,6 - 7. Rodero, A.B., L.S. Rodero and R. Azoubel, 2009.
tetrachloro-galactosucrose had 71.5, 68.5, 66.0, 64.0, Toxicity of sucralose in humans: a review.
respectively, while sucrose had 70.8, 71.5, 71.6, International Journal Morphology, 27(1): 239-244.
74.3,respectively. The tererachloro-galactosucrose 8. Lee, C.K., 1987. The chemistry and biochemistry of
derivatives including substitution at position 4, which the sweetness of sugars. Advantage Carbohydrates
showed comparable decreases in surface tension with Chemistry and Biochemistry, 45: 199-349.
increasing concentrations. 9. Robyt, J.F., 1998. Sweetness. In: Essential of

Solubility of 4,6,1 ,6 -tetrachloro-galactosucrose at carbohydrates chemistry. (Robyt, J. F. Ed.) Springer
different concentration (10, 20, 30%) and different Berlin., Chapter, 5: 142-155.
temperature (20, 30, 40, 50°C) was measured. Sucrose was 10. A.O.A.C., 2000. Official methods of analysis of the
completely soluble 100% at a concentration range 10-30% Association of Official Analytical Chemists. 2000, 15
and at different temperature 20-50°C, while solubility of edition. Washington, DC, Association of Official
4,6,1 ,6 -tetrachlorogalactosucrose reduced when Analytical Chemists.
increasing concentration. This fact was more evident at 11. Hough, L., S.P. Phadnis and E. Tarelli, 1975. The
low temperature 20-30°C; increasing the temperature to 40- preparation of 4, 6-dichloro-4, 6-dideoxy- -d-
50°C has increased the solubility. The solubility was not galactopyranosyl 6-chloro-6-deoxy-, -d-
significantly affected especially the ones having fructofuranoside and the conversion of chlorinated
applicable importance [4, 23]. derivatives into anhydrides. Carbohydrate Research,

CONCLUSION 12. Ogg, T., V. Porter and GT. Willits, 1945. Quantitative

A new sweetener 4,6,1 ,6 -tetrachloro-galactosucrose Eds.) Academic press publishers New York, , pp: 4-9.
was synthesized and purified by different 13. Drelich, J., Ch. C. Fang and L. White, 2002.
chromatographic methods. The structure of the new Measurement of Interfacial Tensionin Fluid-Fluid
synthesized compound was confirmed by using different System Encyclopedia of Surface and Colloid Science,
spectroscopic analysis, IR, H-NMR, EI  mass  spectrum. pp: 3152-3166.
It was found that the viscosity of the synthesized 14. Bouchemal-Chibani, N., I. Braccini, C. Derouet, C.
compound was lower than that of the starting material , Hervédu-Penhoat and V. Michon, 1995.
sucrose. Conformational analysis of disaccharides using
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