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Abstract: The trifluoroethyl ester was studied as a protection group for sulfate monoesters in carbohydrates. The 
ester was formed from the sulfate by treatment with trifluorodiazoethane and was compatible with other 
common protecting groups used in carbohydrate chemistry. Selective cleavage of the trifluoroethyl ester was 
achieved with potassium t-butoxide. © 1997 Elsevier Science Ltd. 

Biochemical studies are increasingly implicating sulfated oligosaccharides as key structures in 

important biological interactions. This has led to a growing interest in their use as preliminary targets for 

pharmaceutical investigation. Although there are a wide range of methods available to sulfate a hydroxyl 

group, few are suitable for use with complex sugar structures and those that are, generate anionic sulfates. 

Free sulfates and their salts are difficult to handle and to characterise and hence sulfation is usually 

carried out as one of the last steps in a synthesis. A protecting group which was stable to conditions 

usually used in carbohydrate synthesis would clearly be useful for extending synthetic strategies for 

sulfated oligosaccharides and might also find applications in preparations of other natural products such 

as sulfated peptides. 

An obvious way to mask the anionic nature of the sulfate is to form the sulfate diester (Fig 1.). 

Such diesters are normally unstable and highly susceptible to nucleophilic attack, which can occur at any 

one of three positions (a)-(c) (Fig. 1'). 
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Figure 1: Nueleophilie a t tack  on sulfate diester. 

Substitution by route (a) is generally slow when R is a carbohydrate, in particular for the sulfate 

esters of secondary alcohols. The problem therefore remains to choose R' such that it disfavours attack by 

route (b) but still contains a reactive handle to allow selective removal to unmask the sulfate monoester. 

Perlin et a f  have described the use of phenyl sulfates, which can be hydrogenated to a cyclohexyl sulfate 

which is then susceptible to base hydrolysis. Unfortunately, both formation of the sulfate diester and 

cleavage only give moderate yields and the reaction conditions are incompatible with protecting groups 

that are sensitive to base and to hydrogenation. 

We have therefore investigated the use of trihaloethyl sulfate esters, which would be deactivated 

to nucleophilic attack as in (b) and (c) for both steric and electronic reasons. Our initial attempts focused 

on trichloroethyl sulfate esters of carbohydrates. Trichloroethyl esters have been used as phosphate and 

carboxyl protection and can be selectively removed using Zn/AcOH. Unfortunately, we found that yields 
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of synthesis were very poor using a range of reaction conditions, possibly due to steric hindrance. Thus, 
instead we concentrated on trifluoroethyl sulfate esters. Attempts to introduce both the sulfate and the 

protection in one step by reacting the free alcohol groups of sugars with 1,1,1-trifluoroethyl chlorosulfate 

failed to give the desired product and instead yielded a number of unwanted by-products. However, the 

trifluoroethyl ester was successfully formed directly from the sulfate by using 2,2,2-trifluorodiazoethane 

as the reagent. This had previously been successfully used by Meese for the highly selective alkylation of 

sulfonic acids in preference to carboxylic acids and hydroxyl groups 3. We have found a similar selectivity 

for sulfate esters. 2,2,2-Trifluorodiazoethane could safely be prepared from trifluoroethylamine 4 in 

reasonable quantities (40 mmole) 5 and was used to esterify 6 a number of sulfated monosaccharides in 

reasonable to good yields (Table 1). 

Table 1: Formation of Trifluoroethyl Esters of Carbohydrate Sulfates. 

Entry Substrate Product Sulfation Overall Yield 
R=H R=SO3CH2CF3 Method from Alcohol 

Xo 
1 i,,,,,,$O~ / lb  Ref. 7 51% 

la O- \ 

~ O  .OR 

2 ~ O ~ ^  -~. . . . . -  O 2b Ref. v 60% 
2a_~ U 

OR 

3 AC~c O ~ ~ ~  OAc 3b Ref. 7 93% 

OAc 
3a 
.OBz 

4 R O ~ " / - ' = O \  80% B z O " - - - - ~ ' ~  4b Ref. 7 

BzO (~Me 
4a 

HO ~OH I (  
5 R O ~  OMe 5b Ref. 8 46% 

HO 
5a 

6 Ph/~o O ~ \  6b Ref. 9 75% 

6a OMe 
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The intermediate sulfates were directly prepared from the partially protected carbohydrates la-6a 
and used without purification often allowing one pot synthesis of the fully protected sulfates lb-6b'.  

Table 2: Deprotected Monosaceharides. 

Entry Substrate Deproteeted Method Yield Deproteeted Yield 
Sugar Sulfate H 

R=SO~CHzCF~ R=SO~" 
OH 

4:1 

1 lb  H O o ' ~ I ~ H  ~OH-~--OH TFA:EtOH25oc 75% lc t2 82% 

7 2hrs 
OH/OR 

4:1 
TFA:EtOH 97% 2c j2 96% 

2 2b HO 25oc 
¢'~bl 

OH ~" 2hrs 
8 
OR 

NaOMe 
3 3b HO MeOH 66% 9e t3 88% 

H O ~ o  H 2hr 

9b 

The stability of the trifluoroethyl protecting group was then investigated. The 2',2',2'- 

trifluoroethyl sulfate esters were found to be stable to a variety of conditions commonly used to remove 

carbohydrate protecting groups (see Table 2). The esters were stable to strong organic acids (Table 2; 

entries 1 and 2) but not to mineral acids such as dilute sulfuric acid (the entire sulfate moiety was 

cleaved). The protecting group appeared to be stable to hydrogenation conditions (the 4,6-O-Benzylidene 

of 6b was removed in 73% yield), was thermally stable (refluxing methanol) and was not cleaved when 

treated with TBAF. 

The 2',2',2'-trifluoroethyl ester was surprisingly stable to sodium methoxide in methanol (Table 

2; entry 3) such that acetate groups could be selectively removed under Zemplen conditions even at 

reflux. On the other hand, refluxing in potassium ter t  butoxide in ter t  butyl alcohol lead to the removal of 

the sulfate protecting group in good yields (Table 2). A possible mechanism involves attack of butoxide at 

the sulfur of the sulfate (see Fig. 1; Route (e)) displacing 2,2,2-trifluoroethoxide, followed by elimination 

to release 2-methylpropene. The potassium salt of the sulfated sugars le, 2e and 9e could be isolated with 

the minimum of purification and without the need for ion exchange resins. However deprotection of 

compounds 5b and 6b resulted in some isomerisation of the sulfate ester, which is currently being 

investigated. 

In conclusion, the 2',2',2'-trifluoroethyl ester seems to be a useful protecting group for sulfate 

esters, which can easily be formed from the sulfate monoester and can be cleaved in good yields, while 

being orthogonal to a number of common carbohydrate protecting groups. 
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