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Abstract – Authentic standards of cyclic polyglycerol, with well-defined 

structures and degrees of polymerization from 3 to 6 cyclic oligomers, have been 

efficiently synthesized. The intramolecular cyclization conditions gave cyclic 

glycerols more effectively than intermolecular coupling conditions. 

 
 

Polyglycerols are oligomers of glycerol (glycerin). Their fatty acid esters (PGE) are generally dispersible 

in water and soluble in oil. They are widely using in food additives, cosmetic materials and toiletries as 

surfactants.1 Although polyglycerols is readily available in bulk quantities by industrial manufacture, the 

reaction requires drastic conditions, including high temperature and alkaline media. Therefore, 

commercially available polyglycerols are very complicated oligomeric mixtures and undefined molecular 

composition with difficult characterization.2 
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Figure 1.  Structure of cyclic polyglycerols 

 

We therefore focused our attention on the synthesis of single and fine structure of highly cyclic 

polyglycerols (1-4) as an authentic standard. There are a few representative standards of polyglycerols in 

the literature.3-8 Linear polyglycerols, dimer to pentamer, have previously been prepared either by direct 
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synthesis involving bishydroxylation of diallyl ether5 and 1,3-di-O-allylglycerol6 or by coupling of 

D,L-α,β-isopropylideneglycerol (solketal (5)) with either its tosylate8 or with glycidyl solketal ether.9-11 

Rollin et al. reviewed recent synthesis of linear, branched and cyclic polyglycerol standards.12  

In order to couple only between primary positions, we used three units of glycerol (8, 11 and 17) as the 

useful synthetic intermediates. Commercially available mono-glycerol unit (8) has a benzyl (Bn) group, 

di-glycerol unit (11) has two Bn groups and tri-glycerol unit (17) has three Bn groups at each secondary 

positions. Di-glycerol unit (11) was made from solketal (5) which was changed to MEM ether (6) in 5 

steps with 67% overall yield. After methoxyethoxymethyl (MEM) ether (6) was converted into tosylate 7 

in 88% yield, its coupling with solketal (5) provided di-glycerol (9) in 62% yield. The acetonide group at 

terminal position is convertible to Bn group to give 10 in 62% by four steps; hydrolysis in 80% AcOH, 

tert-butyldiphenylsilyl (TBDPS) protection, benzylation and silyl deprotection by tetrabutylammonium 

fluoride (TBAF). Finally acid hydrolysis of MEM group gave desired di-glycerol unit (11) in 90% yield. 

The corresponding di-tosylate (12) was synthesized in 88% yield under usual conditions. 
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Scheme 1.  Synthesis of di-glycerol units 

 

Tri-glycerol unit (13) was synthesized from the coupling of solketal (5) and epichlorohydrin in the 

presence of tetrabutylammonium bisulfate in 80% yield. Obtained secondary hydroxy group was 

protected with Bn group to give 14 in 93% yield, its acetonide groups were removed by acid treatment 

and following primary alcohols were protected with TBDPS group to give diol (16) in 95% yield. Two 

secondary hydroxy groups were protected with Bn group and TBDPS groups were deprotected to afford 

desired benzyl tri-glycerol (17). The corresponding di-tosylate (18) was synthesized in 89% yield under 

usual conditions. 
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Scheme 2.  Synthesis of tri-glycerol units 

 

Three glycerol (8, 11 and 17) are in hands as the useful synthetic intermediates. We first tried 1:1 

condensation of di-tosylates and diols. The synthesis of cyclic trimer to pentamer has been reported by 

1:1 condensation of bis-epoxide or di-triflate with di-nucleophiles.13  

 

Table 1.  Synthesis of cyclic glycerols by intermolecular coupling 

O
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DMF

+TsO O OTs

OBn OBn
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OBn
n m

o  
Entry Tosylate, 

n 
Alcohol, 

m  
oligomer , 

o 
Cyclic 

oligomer 
Yield, % 

1 1 12 1 8 1, Trimer 1 13 
2 2 18 1 8 2, Tetramer 2 19 
3 2 18 2 11 3, Pentamer 3 10 
4 2 18 3 17 4, Hexamer 4 7 

 

When di-glycerol di-tosylate (12) and mono-glycerol (8) were treated with NaH in DMF at 60 °C for 12 h, 

cyclic tri-glycerol (1) was obtained in 13% yield. Under the same reaction conditions, tetramer (2) was 

obtained from the coupling of tri-glycerol di-tosylate (18) and 8. Pentamer (3) and hexamer (4) were 

obtained in 10% and 7% yields from the coupling of tri-glycerol di-tosylate (18) with alcohols (11 and 

17). Linear hexamer (19) was recovered in 9% yield as the by-product of cyclization. When recovered 

linear hexa-glycerol (19) was treated with NaH in DMF at 80 °C for 2 days, cyclic hexa-glycerol (4) was 

obtained in 70% yield (Table 2, Entry 4).  

On the base of this result, we made linear glycerols mono-tosylates (20, 22 and 24) to apply NaH- 

mediated cyclization. After diol (17) was selectively converted into tosylate (20), which was coupled with 

5 and following 4 step sequences (hydrolysis in 80% AcOH, TBDPS protection, benzylation and 

deprotection by TBAF) to provide tetra-glycerol (21). Under the same reaction pathway, penta-glycerol 
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(23) was obtained from tetra-glycerol mono-tosylate (22).  
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When the mono-tosylates (20, 22 and 24) were treated with NaH in DMF14 (4 mM) at 80 °C for 2 days, 

12-, 16-, and 20-membered cyclic benzyl glycerols (1, 2,15 and 316) were obtained in 38%, 38% and 54% 

yields, respectively.  

 

Table 2.  Synthesis of cyclic glycerols by intramolecular cyclization 

O
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n
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BnO BnO
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Entry Tosylate, 

n 
oligomer , 

n 
Cyclic 

oligomer 
Yield, % 

1 1 20 1 1  38 
2 2 22 2 2 38 
3 3 24 3 3 54 
4 4 19 4 4 70 

 

We have established cyclic polyglycerol synthesis based on the intramolecular NaH-mediated 

cyclization method. The intermolecular coupling methodology of di-tosylate and diol was also studied to 

find efficient synthesis of cyclic polyglycerols. Taking into account the synthesis of optically active 

polyglycerols as a next project, we adopted the synthetic approach based on convergent coupling by use 

of glycerol unit. 
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