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CLAIMS 
 

1. A method for chlorinating a carbohydrate or an ester thereof comprising reacting 

the carbohydrate or ester thereof with a chlorinating agent and irreversibly removing during 

chlorination at least a portion of the hydrogen chloride produced by the reaction of the 

chlorinating agent with the carbohydrate or ester thereof, wherein the hydrogen chloride is 

removed by vacuum distillation. 

2.  The method of claim 1, wherein the carbohydrate or ester thereof is a sugar or 

ester thereof, preferably a sugar ester. 

3.  The method of claim 2, wherein the sugar ester is a sucrose-6-ester. 

4.  The method of claim 3, wherein the chlorinated product obtained is 4,1’,6’-

trichloro-4,1’,6’-trideoxy-6-O-ester of galactosucrose (TGS-6E). 

5.  The method of any one of claims 1-4, wherein the chlorinating agent is an acid 

chloride. 

6.  The method of any one of claims 1-5, wherein the chlorinating agent is a 

Vilsmeier Reagent having the formula: [XYC=N+R2] Cl-, wherein X is hydrogen, aryl, or alkyl, 

wherein the aryl or alkyl is optionally substituted with a halogen, alkoxy, thioalkoxy, amido, or 

cyano; Y is a leaving group; and R is hydrogen or alkyl which is optionally substituted with 

halogen, alkoxy, thioalkoxy, amido, or cyano, 

preferably wherein, in the Vilsmeier Reagent, Y is halogen, heteroalkyl, or a group 

capable of being displaced by a heteroatomic nucleophile, wherein the heteroatomic nucleophile 

is preferably selected from tosylate, brosylate, besylate, nosylate, mesylate, alkylfluorosulfonate, 

triflate, nonaflate, and tresylate. 

7.  The method of claim 6, wherein Y is halogen. 

8.  The method of claim 6 or 7, wherein, in the Vilsmeier Reagent, X is hydrogen, Y 

is chloro, and R is methyl, and preferably wherein the Vilsmeier Reagent is produced by the 
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reaction of N,N-dimethylformamide with an acid chloride, preferably an acid chloride selected 

from thionyl chloride, sulfuryl chloride, phosgene, phosphorus pentachloride, oxalyl chloride, 

and methanesulfonyl chloride. 

9.  The method of any one of claims 1 to 8, wherein the chlorination reaction is 

carried out in a polar solvent, preferably a polar solvent selected from N,N-dimethylformamide, 

N,N-dimethylacetamide, N-methyl pyrrolidone, dimethylsulfoxide, sulfolane, and glycol ethers, 

more preferably N,N-dimethylformamide. 

10.  The method of claim 1, wherein the chlorination is carried out at a temperature of 

90 ºC or below. 

11.  The method of claim 10, wherein the chlorination is carried out at a temperature 

of 50 ºC to 90 ºC. 

12.  The method of any one of claims 1-4, wherein the chlorinating agent is 

bis(trichloromethyl)carbonate. 

13.  A method for chlorinating a carbohydrate or an ester thereof, according to claim 

1, comprising: 

(i) dissolving the carbohydrate or ester thereof in a polar or non-polar aprotic solvent to 

obtain a solution of the carbohydrate or ester thereof; 

(ii) forming a chlorinating agent in and/or combining a pre-formed chlorinating agent in a 

solvent followed by dissolution of carbohydrate or ester thereof to obtain a chlorination mixture; 

 (iii) irreversibly removing during chlorination at least a portion of the hydrogen chloride 

produced by the reaction of the chlorinating agent with the hydroxy group or groups of the  

carbohydrate and/or the carbohydrate or ester thereof, wherein the hydrogen chloride is 

irreversibly removed by vacuum distillation; 

(iv) optionally heating the reaction mixture from (iii) under an inert gas atmosphere to a 

temperature of 60 ºC for a period of 2 hours or more; and 
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(v) optionally heating the reaction mixture to a temperature not more than 90 ºC, for a 

period of up to 16 hours, to obtain the chlorinated carbohydrate or ester thereof. 

14.  The method of claim 13, wherein the carbohydrate or ester thereof is a sugar or 

ester thereof, preferably a sugar ester, more preferably a sucrose-6-ester. 

15.  The method of claim 14, wherein the chlorinated product obtained is 4,1’,6’-

trichloro-4,1’,6’-trideoxy-6-O-ester of galactosucrose (TGS-6E). 

16.  The method of claim 3, comprising reacting the sucrose-6-ester dissolved in an 

N,N-dialkylformamide or N,N-dialkylacetamide solvent with a chlorinating agent and 

irreversibly removing during chlorination at least a portion of the hydrogen chloride produced by 

the reaction of the chlorinating agent with the sucrose-6-ester, wherein the chlorination is 

conducted at a temperature of 50 ºC to 90 ºC, and the hydrogen chloride is irreversibly removed 

as a combination with the N,N-dialkylformamide or N,N-dialkylacetamide solvent by vacuum 

distillation. 

17.  The method of claim 14, comprising: 

(i) dissolving the sucrose-6-ester in N,N-dimethylformamide to obtain a solution of the 

sucrose-6-ester; 

(ii) forming a chlorinating agent in and/or combining a pre-formed chlorinating agent in 

N,N-dimethylformamide and combining the chlorinating agent or the pre-formed chlorinating 

agent with the solution of sucrose-6-ester obtained in (i) to obtain a chlorination mixture; 

(iii) irreversibly removing during chlorination at least a portion of the hydrogen chloride 

produced by the reaction of the chlorinating agent with the hydroxy group or groups of the 

sucrose-6-ester, wherein the chlorination is conducted at a temperature of 50 ºC to 90 ºC, 

wherein the hydrogen chloride is irreversibly removed as a combination with N,N-

dimethylformamide by vacuum distillation. 


