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Abstract  Although the majority of natural glycosides are O-glycosides, there are many examples of C- glycosides. Since 

in these glycosides the aglycone and the sugar are linked by a C-C bond they cannot be cleaved by acid hydrolysis. So, 

various biochemical procedures using enzymes or bacteria have been described for this purpose. However, these methods are 

troublesome and time consuming. A chemical degradation using nitric acid has been informed in a U.S. Patent, but there is no 

theoretical approach to this procedure. In this communication we provide a sustained reaction mechanism for this hydrolytic 

and oxidative degradation. The electron flow for each step is given and also an explanation of why simple hydrolysis cannot 

work, pointing out at which step the reaction comes to a stop. 
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1. Introduction 

Most of the plant glycosides are O-glycosides, however 

there are many examples of C-glycosides. The structures of 

fifteen naturally occurring C-glycosides are displayed in a 

recent article [1]. 

Due to the firm C-C bond between sugar moieties and 

aglycones, C-glycosides cannot be deglycosylated by 

traditional hydrolysis. 

An alternative for this purpose is the use of biological 

chemistry. For instance, a bacterial type capable of 

deglycosylating some C-glycosides has been just reported 

[2]. 

However, these methods are time consuming and imply a 

different scientific discipline. 

A chemical degradation of a C-glycoside has been 

described in a U.S. Patent [3]. Of course it deals only with 

the experimental procedure. It employs nitric acid and 

ethyleneglycol as solvent. 

In this communication we provide the reaction 

mechanism of this hydrolytic and oxidative cleavage, and 

explain also at what stage ordinary hydrolysis stops and 

why. This paper is a follow-up of our studies on chemical 

reaction mechanisms [4-7]. 

2. Antecedents 
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Some reactions related with the matter of this paper are 

commented next. 

Nitric acid is a versatile acid. It can be part of the final 

product as in the reaction with polyalcohols to form 

organic-inorganic esters. These mixed esters are interesting 

due to their very different dual properties. For instance, 

glyceryltrinitrate (nitroglycerin) is the basic explosive of 

dynamite but this ester can be used for angina pectoris 

management [8,9]. 

Aromatic nitration, a well known reaction, is enhanced by 

phenols. 

Other use of nitric acid is as oxidant in Carbohydrate 

Chemistry. The aldaric acids, α,ω-dicarboxylic acids, are 

obtained from open-chain sugars oxidized by nitric acid. 

Saccharic acid (glucaric acid) has been prepared this way 

[10]. The oxidation of selected alcohols and ketones by nitric 

acid has been informed [11]. More recently, the oxidation of 

aliphatic alcohols and diols to carboxylic acids by means of 

nitric acid has been carried out in Russia [12]. 

There is an interesting communication on modifications in 

the nitric acid oxidation of D-glucose to D-glucaric acid [13]. 

 

Figure 1.  Cleavage of indigo blue by nitric acid 

A third class of reactivity observed with nitric acid is 
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oxidative degradation and this chemical deportment is 

important in the present study, as we will see. 

An example of this is the oxidative degradation of indigo 

blue to isatin, Figure 1, [14]. In that communication we gave 

the mechanism of this reaction. 

There is a U.S. Patent assigned to a Swiss Laboratory that 

deals on the transformation of aloin, a C-glycoside, to 

aloe-emodin, a trihydroxyanthraquinone, Figure 2. 

 

 

Figure 2.  Obtention of aloe-emodin from aloin 

Since the Patent is devoted entirely to the preparative 

procedure, we provide in this communication the reaction 

mechanism of this interesting degradation since it is well 

known that C-glycosides are not hydrolysed by common 

methods. 

The main anthraquinone derivative of Aloe’s latex is aloin. 

This is a mixture of two diastereomers, termed aloin A and 

aloin B, Figures 3 and 4. 

 

Figure 3.  Aloin A structure 

Aloin A, also called barbaloin, is the major anthrone 

C-glycoside in Aloe’s latex, [15]. 

When oxidized by nitric acid, aloin yields an oxidized 

aglycone, aloe-emodin, 1,8-dihydroxy-3-hydroxymethyl- 

anthraquinone. 

Besides the interest of a C-glycoside splitting, it must be 

noted that the primary alcohol was not oxidized nor nitric 

esters were obtained as final products. Neither aromatic 

nitration was observed. All this will be treated in the next 

section. 

 

Figure 4.  Aloin B structure 

3. Discussion  

With aloin, none of the possible reactions with nitric acid 

took place, excepting degradative oxidation. This is due to 

different or especial reaction conditions. For instance, nitric 

ester preparation requires both concentrated and fuming 

nitric acids. 

In the case of aloin, a phenolic compound, aromatic 

nitration results interesting. Within the Patent reaction 

conditions there is not nuclear substitution, notwithstanding 

that it is known that the nitration of the phenols takes place 

readily [16]. This can be explained due to phenolic hydrogen 

bonding with the oxygen of anthraquinone. However, in a 

more drastic reaction aloetic acid is obtained, a tetranitro 

derivative [17-19], Figure 5. 

 

Figure 5.  

4,5-Dihydroxy-2-hydroxymethyl-1,3,6,8-tetranitroanthraquinone     

(Aloetic acid) 

Neither the hydroxymethyl group in aloin is oxidized. It 

must be taken into account that the solvent used in the Patent 

is ethyleneglycol and this compound doesn’t react either in 

the reaction conditions, moreover it is a competitor with the 

hydroxymethyl group in aloin. 
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But nitric acid can form not only aloetic acid; chrysammic 

acid is obtained too, the tetranitro derivative in which the 

hydroxymethyl group is missing. This can be explained by 

oxidation to the acid and decarboxylation. 

Now let’s see the reaction reported in the Patent, the 

C-glycoside cleavage. 

Being that the other possible reactions with nitric acid 

didn’t take place then acid hydrolysis must be the starting 

point of the C-glycoside cleavage. 

Since we are dealing with a glucofuranoside, the route of 

glucose to 5-hydroxymethylfurfural (HMF) was reminded 

[20,21]. 

In the case of aloin the C-glycoside has not anomeric 

carbon, that is, the hemiketal hydroxyl is missing. But in the 

transformation of glucose to HMF, reaction begins by 

protonation of O-2, notwithstanding the presence of the 

hydroxy group at C-1. 

Thus reaction at O-2, with water elimination and 

generation of a carbocation, provokes a ring contraction by 

oxygen assistance. This step is also present in the reaction of 

D-xylopyranose to furfural [22], Figure 6. 

 

Figure 6.  Dehydration of the glucopyranose 

Of course in both cases the next step is different due to 

structural differences, [23]. 

At this stage two routes can follow: in the absence or in the 

presence of nitric acid. 

Using non oxidative acids, such as hydrochloric or 

sulphuric acids, a substituted exomethlylene derivative must 

be formed. Thus, no splitting is possible by simple 

hydrolysis. Figures 7 and 8. 

 

Figure 7.  Neutralization of the carbonium ion in absence of nitric acid 

On the other hand, if a nitrate ion combines with the 

carbocation, yielding an organic nitrate, oxidation and the 

desired C-C fission can occur as is shown in Figure 9. 

 

Figure 8.  Product that impedes C-glycoside fragmentation 

 

Figure 9.  Oxido-degradation of the C-glycoside 

Protonation at the negative oxygen in the nitro group 

produces a non compensated positive charge at nitrogen. 

Then, nitrous acid is eliminated leaving positive charged 

oxygen that provokes C-C fission. This rupture is possible 

since the intervening annular carbon atom is sp3. 

Neutralization of the carbocation in the ring can be 

achieved by reaction with water (65% HNO3 was used) 

affording a trisubstituted oxanthrone, Figure 10. 

 

Figure 10.  Formation of an oxanthrone derivative 

However, since an anthraquinone derivative is obtained, a 

nitrate must neutralize again the positive charge and a second 

oxido-reduction step must occur, with formation of nitrous 

acid, Figure 11. 
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Figure 11.  Obtention of aloe-emodin by a second redox reaction 

This way aloe-emodin is formed from aloin by means of 

nitric acid degradative oxidation. 

4. Conclusions 

The O-glycosides can be hydrolysed but the C-glycosides 

are resistant to hydrolysis due to their C-C bond between 

aglycone and sugar.  

Since there are many naturally occurring C-glycosides, the 

obtention of these aglycones is very important because it 

simplifies considerably the chemical work for structural 

elucidation. Besides, they are preferable for conservation 

during storage. 

A U.S. Patent assigned to a Swiss Laboratory describes a 

method for the degradation of aloin, a C-glycoside, by means 

of nitric acid in ethlyleneglycol as solvent. 

Since there is no reaction mechanism for this oxidative 

degradation, we provide in this communication the pertinent 

theoretical explanation. 

The advanced mechanism is based on recent studies in 

Carbohydrate Chemistry. These results were applied to the 

pyranose structure in aloin, and the first part of the process 

was solved. This hydrolytic beginning yielded a key reactive 

intermediate. 

Then, there are two oxido reduction steps due to the action 

of the nitric acid. It is in the first one that the C-C fission 

occurs, the degradative oxidation. In the second redox 

reaction the anthraquinone derivative is obtained 

(aloe-emodin). 

Thus, the electron flow from aloin to aloe-emodin has 

been given step by step. 

An explanation of why simple hydrolysis doesn’t work 

has been supplied. 
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