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1. Introduction 

Glycolaldehyde (GA), a ‘two carbon’ sugar, could 

become a valuable biomass-derived platform chemical. 

It is currently obtained in high yields in supercritical 

water or as a byproduct in bio-oil, but other processes 

are currently being developed to efficiently 

transforming sugars to GA in high yields.
1, 2

 

Current catalytic valorization of glycolaldehyde 

include; a) hydrogenation to ethylene glycol, b) 

amination to ethylene diamine,
3
 and c) aldol 

condensation using tin-containing catalysts to yield C3 

and C4 α-hydroxy acids (AHAs) such as lactic and 

vinyl glycolic acids or esters.
4, 5
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Figure 1. Schematic representation of the selectively formed C4 

sugars from the C2 sugar glycolaldehyde. 

 

The C4 sugars (threose, erythrose and erythrulose) are 

rare and expensive sugars, and especially erythrose is 

interesting due to the production of erythritol and its 

use as a food additive. Formation of these sugars can 

be achieved by a single aldol condensation step, 

however subsequent steps must be avoided to maintain 

a high selectivity (Figure 1).
5
 In this study we show the 

selective formation of tetrose sugars from 

glycolaldehyde using a range of different catalysts.  

 

2. Experimental Part 

Several zeolite and amorphous silicate catalysts were 

prepared for this study including Sn-Beta and Sn-MFI 

prepared following procedures described in [
6
] and [

7
], 

respectively. A variety of both homogeneous and 

heterogeneous  catalysts were tested for the conversion 

of glycolaldehyde to tetrose sugars in water. In a 

typical experiment; 0.125 g of glycolaldehyde (5 wt%) 

and 0.075 g of catalyst was added to a glass pressure 

tube (ACE) and heated to 80 °C for 0.25 - 24 h. The 

reaction mixture was then analyzed using an Aminex 

HPX-87H (BioRad) column (0.004 M H2SO4, 0.6 

mL/min, 65 °C) and a Carbohydrate (Zorbax) column 

(60 wt% acetonitrile/water, 0.5 mL/min, 30 °C) on 

Agilent 1200 series HPLCs.  

 

3. Results and discussion 

We found that very high selectivities towards tetrose 

sugars (~85 %, Figure 2) could be obtained using tin-

containing MFI at moderate temperatures (80 °C) in 

water, leading to C4 yields of up to 70 %. TS-1 was 

found to also catalyze the aldol condensation but at 

lower selectivities (≤70 %) than with tin as the active 

site. Selectivities obtained using the different catalysts 

were all dependent on the level of conversion of 

glycolaldehyde (Figure 2). At high conversion (>60 %), 

other byproducts were observed and the selectivity 

towards C4 dropped to below 60 % as a consequence. 

These other products are likely formed by additional 

dehydration reactions to yield AHAs or larger C6+ 

sugars formed from additional aldol condensation 

steps between tetrose and GA. A similar dependence 

on conversion was also observed at 60 and 100 °C.  



Catalysts known to catalyze aldol condensation with 

large or no pore structure (e.g. basic resins, tin salts, 

etc.) all resulted in higher amounts of C6+ sugars. We 

speculate that the 10 membered rings making up the 

pore system of Sn-MFI hinders this formation. 

 

Figure 2. Selectivity towards C4 sugars as a function of conversion 

of glycolaldehyde using the tin-containing silicates; Sn-Beta (Si/Sn 

= 150) and Sn-MFI (open: Si/Sn = 100, closed: Si/Sn = 400). 

Reaction conditions: 0.125 g glycolaldehyde, 0.075 g catalyst, 2.5 

g water, 80 °C, 0.25 - 24h. 

 

4. Conclusions 

A very selective condensation of glycolaldehyde to the 

rare tetrose sugars was achieved with tin-containing 

zeotype catalyst Sn-MFI. The tin sites in the medium 

10-membered ring pores in this catalyst appears to 

effectively catalyze the aldol condensation leading to 

the C4 sugars, while being hindered in additional 

condensation to form larger sugars. This allowed 

combined yields of tetrose sugars to reach ~70 % with 

selectivities reaching ~85 %. When Sn-Beta (12-

membered pores) was used, much lower yields 

(~23 %) and selectivities (~53 %) were observed, 

presumably due to the formation of larger sugars as 

well as the further conversion of the formed sugars to 

α-hydroxy acids. 
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