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Abstract : polyether molecules are readily available from cheap acetals with a catalyst system based on 
rutheniarn and tin(I1) chloride. As a model reaction 1,3-dioxolane 2 reacts with dimethoxymethane 3 to 
yield 78% of 2,4,7,9-tetraoxadecane l. © 1998 Published by Elsevier Science Ltd. All rights reserved. 

It is known that alkoxy derivatives of glycerol methyl ethers exhibit highly effective insecticidal 

properties.l Marnedov et al. have studied the biological activity of the alkoxy derivatives of the methyl ethers 

of ethylene glycol. 2 Moreover, methoxy-methyl ethers are commonly used for protection of OH-groups in 

natural product synthesis. In this context, polyoxygenated molecules such as 2,4,7,9-tetraoxadecane (TOD, 1) 

are interesting polyethers not only from a biological point of view, but also as a precursor in the synthesis of 

perfluorinated compounds, 3 as a solvent, or as a cation-binding ligand. 

However, among the molecules synthesized from 1,3-dioxolane and dialkoxymethanes, only TOD 

appears to have been reported. The most efficient syntheses found so far in the literature include either the 

reaction of a-chloromethylalkyl ethers with ethylene glycol in the presence of dimethylaniline 4 or of the 

bis(chloromethyl)ether of glycol with the appropriate alkoxides 5. The yields of TOD (calculated from ethylene 

glycol) remain however low (< 30%) and the synthetic interest of the method is strongly limited owing to the 

known carcinogenic properties of chloroalkylethers, Alternate procedures using alcohols and acetals with 

Brrnsted or Lewis acids as catalysts have therefore been introduced for its preparation. 6 2,4,7,9- 

Tetraoxadecane was then obtained in 34 % yield from 2-methoxymethoxyethanol and dimethoxymethane 

(methylal, 3) in the presence of sulfuric acid. 7 

More recently, Gras proposed a more convenient synthetic route to TOD, directly from ethylene glycol 

and methylal with p-toluene sulfonic acid and lithium bromide as catalyst. The reaction, however, leads 

rapidly to a mixture of products including TOD, 2-methoxymethoxyethanol, and unreacted methylal. 8 The 

synthesis of  TOD directly from 1,3-dioxolane 2 and methylal was described in 1941 by Gresham but the yield 
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was very poor (14%). 9 The same reaction was also reported in a patent (50% yield) but neither the catalyst nor 

the reaction temperature were given. 10 We now propose a new, ready and high yield catalytic synthesis of  1 

from 2 and 3 and where methylal is used at the same time as reactant and solvent (Scheme 1). 
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We have tested the catalytic activity of  a variety of  Lewis acids including inter alia group 3 metal 

triflates (Sc(OTf)3, La(OTf)3, Yb(OTf)3, LaC13 . . . .  ) under our reaction conditions, i.e. in refluxing methylal. 

The results obtained were then quite similar to those reported in the literature, the yields rarely exceeding 30- 

40%. The observation that iron(III) chloride catalyzed the formation of  TOD in more than 50% yield prompted 

us to test the catalytic efficiency of different transition metal chlorides. To the best of  our knowledge, 

transition metal complexes have never been used as catalysts for the synthesis of polyethers or polyaeetals. 

The efficiencies and specificities of  the most active catalysts are summarized in table 1. RuCI3 and RhCI3 were 

show to be almost as 

Table  1. Transition metal complexes-catalyzed synthesis of  2,4,7,9-tetraoxadecane. 

Catalyst 

RuCl3a 

RuCI 3 / SnCl2b 

guCl 3 / SnCI 2 (toluene) c 

RuCI 3 / SnCI 2 (CH2CI2) c 

FecI3a 

FeCI 3 / SnCl2b 

RhCl3a 

T(°C) t (h) 

RT 48 

60 " 

RT " 

60 " 

" 7 

" 48 

Yield (%) 

TOD MME HOPD 

41 2 12 

46 1 4 

19 1 <1 

78 7 2 

15 3 3 

54 8 4 

52 2 12 

32 <1 2 

25 <1 2 

46 2 10 

Reaction conditions : (a) 35 mL of methylal; 0.1 reel of dioxolane; 10 "4 mol of catalyst; (b) 35 mL ofmethylal; 0.1 reel of dioxolane; 
10 4 mol of catalyst; 2 10 "4 reel of tin(II) chloride; (c) 0.1 rnol of methylal; 0.1 mol of dioxolane; 10 "4 mol of catalyst; 
35 mL of solvent. 

effective as FeCI3 in catalyzing the formation of  TOD. In addition to TOD, small amounts of  2- 

methoxymethoxyethanol (MME, 4, yield < 8%) and of  a new molecule, tentatively characterized as 
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2,4,7,9,12,14-hexaoxapentadecane (HOPD, max. yield 12%) were also formed. None of the other transition 

metal complexes tested (OsCl3, COC12, IrCl3, TiCI4, PdC12 . . . .  ) displayed a similar or higher efficiency. A most 

interesting synthetic aspect of  the ruthenium-catalyzed reaction is the co-catalytic effect of tin(II) chloride. The 

yield of TOD was substantially improved (to 78%) after addition of 2 equiv, of SnC12. In this particular case, 

we observed a color change of the reaction medium after addition of SnCI2, an indication that a redox reaction 

was probably taking place between Ru(III) and Sn(II) salts. 11 The promoting effect of tin(II) chloride was 

observed only with RuCI3, SnC12 alone giving only a modest 5% yield of 1. 

The reaction can be generalized to other dialkoxymethanes such as ethylal, n-propanal and iso-propanal 

to give respectively 40, 35 and 28% of the corresponding 3,5,8,10-tetraoxadecane, 4,6,9,11- 

tetraoxatetraoxadecane and 2,11-dimethyl-4,6,9,11-tetraoxatetraoxadecane. 

A plausible reaction mechanism is sketched in scheme 2. This catalytic cycle is closely related to that 

reported in the literature for the polymerization of 1,3-dioxolane catalyzed by Lewis acid.12 Further studies are 

needed in order to assess more precisely the specific role of the transition metal and the fine tuning of the 

catalyst brought about by the addition of tin(II) chloride. 
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2,4,7,9-tetraoxadecane and homologs arc thus readily available from cheap starting materials. Further 

studies are under way to extend the reaction to other molecules. 

Experimental section 
The title molecules were prepared according to the procedure employed for TOD (1) : 5 l0 "4 mol of 

catalyst is added to a solution of  1,3-dioxolane 2 (7 mL, 0.1 tool) in 35 mL of  dry methylal 3. The reaction 

mixture is then stirred for 48h at reflux temperature (60 °C) and the reaction monitored by GC. The yields 

were calculated by GC (FID with nitrogen as carrier gas) with o-xylene as internal standard, after calibration 

and introduction of  substance-specific correction factors for the most important products. Products were 

identified by NMR and by comparison of  their retention times with authentic samples (1 and 4) on at least two 

different GC fused silica capillary columns respectively a 30 m x 0.32 nun WCOT polydimcthylsiloxane-CB 

column (RSL 150), and with a 30 m x 0.32 mm DB-FFAP WB. 

TOD : tH NMR (60-MHz, CC14, TMS) 3.35 (s, 3H, OCH3); 4.06 (s, 2H, OCH20); 3.67 (s, 4H, OCH2CH20). 

MS : 119 (H3COCH2OCH2CH2OCH2), 105 (H3COCH2OCH2CH20), 90 (OCH2OCH2CH20), 88 
(CH2OCH2CH2OCH2), 75 (H3COCH2OCH2), no molecular peak. 
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