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Preparation of useful building blocks, α-iodo- and 

bromoalkanols from cyclic ethers using the Dowex 

H
+
/NaX (X=I, Br) approach 
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 and Jouko J. Vepsäläinen
a
  

Our recently reported novel green chemistry tool was effectively used for opening cyclic ethers 

to produce α-iodo- and bromoalkanols. The synthesis of 4-iodobutanoic acid from γ-

butyrolactone has also been described. The method is based on the use of a dried Dowex 

H+/NaX (X = Br, I)-system which is effective at producing α-iodoalkanols and some α-

bromoalkanols from commercially available cyclic ethers. Additionally, opening of three 

different crown ethers to form α-iodo(polyethylene)glycols with various chain lengths is 

demonstrated. Haloalkanols are important building blocks in synthetic chemistry e.g. for 

medicinal chemistry purposes.  

 

 

 

 

Introduction 

 

We have recently discovered a powerful tool with which to 

perform common organic addition and substitution reactions by 

utilizing dried solid acidic material with the simultaneous use 

of sodium iodide either as a catalyst or reagent.1 This report 

details how the same approach can be applied for the 

preparation of α-iodo- and bromo-alkanols from cyclic ethers.  

Haloalkanes and haloalkanols are important reagents and 

building blocks which can be used in common reactions such as 

alkylation of amines, etherification of alcohols and phenols, 

esterification of carboxylic acid salts, Michaelis-Arbuzov 

reactions and esterification of phosphonates.2,3,4  In general, 

iodo- and bromoalkanols are much more reactive than 

chloroalkanols which usually need elevated temperatures if 

they are to react.2,5 α-Iodoalkanols can be prepared from the 

corresponding chloro- or bromoderivatives by a common 

halogen exchange reaction (NaI/acetone).6-8  However it is a 

much more economical and environmentally-friendly way to 

prepare α-iodoalkanols directly from starting materials not 

containing a halogen such as cyclic ethers as will be described 

in here.  

It is generally known that the ring opening reaction of a ring 

containing a saturated ether bond depends to a great extent on 

the ring size, because small, three or four atoms containing, 

rings such as oxirane and oxetane can be quite easily opened 

under acidic conditions. In addition, there are published 

examples for the preparation of 5-halopentanol from 

tetrahydrofuran (THF). However only a few reports can be 

found in the literature which describe the synthesis of 5-

halopentanol from tetrahydro-2H-pyran (THP). In fact, there is 

only one paper which has described the synthesis of 5-

iodopentanol from THP by using the toxic NaI/BF3-etherate 

system9 and this can be avoided by adopting our method.1 The 

Dowex H+/NaI approach also makes it possible to prepare 2-(2-

iodo-ethoxy)-ethanol (10) from 1,4-dioxane as we have recently 

reported (see Scheme 1).1 Different size ethylene glycols are 

very important compounds with which to optimize the 

properties of a variety of biologically important molecules10-13 

and 2-(2-iodo-ethoxy)-ethanol (10) is precursor of the 

diethylene glycol structure.14  

 

 

Results and Discussion 

 
In Table 1, we have collected the tested ring opening reactions 

for commercially available starting materials. As shown, the 

isolated yields for the bromide adducts 4b and 6b are moderate 

but still reasonable, in fact in the case of 12b, the yield is quite 

good. We also tested whether bromide adducts could be made 

from 1, 7 and 9, but according to their 1H NMR spectra only a 

few per cents of corresponding products were present in the 

crude reaction mixtures.  
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Scheme 1. Synthesis of 2-(2-iodo-ethoxy)-ethanol (10) from 1,4-dioxane.  

 

In the case of the iodide adducts, the isolated yields were 

generally reasonable or even high.  Compound 2 was isolated 

with a 27% yield (the yield of crude product was 55% and 

purity ca. 91%, although adequate for its further use in most 

cases), which was quite low, probably due to its rather low 

boiling point (volatility) and instability. Compounds 4a, 6a, 8, 

10 and 12a were isolated at moderate to high yields, the most 

interesting cases were the degradation of energetically stable 

six-membered rings 7 and 9 which we demonstrated earlier, but 

now we were able to improve the isolated yield of 8 from 33% 

to 47%.1 Compound 12a was isolated with a high 75% yield; 

this is a very interesting building block along with 12b for 

optimizing molecular properties e.g. for medicinal chemistry 

use, since many drugs have a cyclohexyl structure.15,16 

Interestingly, those building blocks have been sparingly 

reported in the literature, e.g. experimental NMR spectral data 

were not available and according to a SciFinder search, these 

compounds are not commercially available. The 100% and 95% 

conversions of the compounds 13 to 14 and 15 to 16, 

respectively, were observed according to NMR samples 

measured from crude reaction mixtures. However, the isolated 

yield was only 36% and 33%, respectively, because of the 

presence of a “back reaction” (see Experimental section). The 

degradation of 2,3-dihydrobenzofuran (13) makes the method 

attractive because of its potential use in the destruction of 

samples containing chlorinated dibenzofurans which are 

extremely stable and highly toxic chemical compounds.17  The 

significance of different size ethylene glycols and the ability of 

our method to synthesize 10 from 1,4-dioxane (9) led us to test 

if we could degrade also crown ethers (17, 19 and 21) and 

produce corresponding ethylene glycol precursors (18, 20 and 

22). When Crown ethers (17, 19 and 21) were refluxed in 

xylene (ca. 142°C) for 24 h, products 18, 20 and 22 were 

isolated with 32%, 22% and 14% yields, respectively. Although 

these yields are not impressive, one has to bear in mind that in 

the method reported here, only one reaction step is needed, 

compared to the earlier method in the literature.18 Furthermore, 

if one has to use either pentaethylene glycol or hexaethylene 

glycol as starting materials for the synthesis of compounds 20 

and 22 according to the method reported in the literature18 then 

the synthesis will be a much more costly procedure; these 

materials are about 3.5 and 2.5 times more expensive than 

starting from the corresponding crown ethers 19 and 21, 

respectively (in fact, compound 20 has not been reported earlier 

according to SciFinder). In addition, should the intent be to 

conduct a preliminary search for the optimal length of the 

ethylene glycol spacer without the need to synthesize more than 

10-100 mg of the precursor, this method is definitely a 

convenient option. The main reason for the low yields of the 

products 18, 20 and 22 is believed be the degradation of the 

desired products during the reaction, since we were able to 

isolate some of degradation products from the reaction mixture 

(as an example see the compounds isolated in the reaction 

mixture of 19 in Figure 1). All the isolated compounds 18, 23 

and 24 were confirmed by examining the 1H, 13C NMR and MS 

spectra. It is proposed that our method is also capable of 

degrading straight ethers, the formation of compound 24 was 

not unexpected because the method can be used for the direct 

substitution of a hydroxyl group into iodide as we have reported 

earlier.1 

 

 

 

 

Table 1. Overview of the reactions  

Substrate 
Conditionsa 

Yieldb Product Substrate 
Conditionsa 

Yieldb 
Product 

 

50°C, 18 h 

 

27% 

(55%)c 

  

50°C, 18 h 

 

53% (4a) 

29% (4b) 

  

 

70°C, 18 h 

 

86% (6a) 

34% (6b) 
 

 

92°C, 18 h  

 

47% 
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105°C, 18 h 

 

68%d 

 

 

60°C, 18 h 

 

75% (12a) 

59% (12b) 

 

 

 

122°C, 18 h 

  

36%  

(100%)e 

  

142°C, 24 h 

  

33%  

(95%)e  

17

O O

OO

 

142°C, 24 h 

  

32%  

 
 

19

O O

O

O

O

 

142°C, 24 h 

  

22%  

 

  

 

142°C, 24 h 

  

14%  

 
 

 
 

 

a In the table, only the reaction time and temperature have been highlighted, all reactions were performed using the dried Dowex H+/NaX (X 

= Br, I) system, detailed experimental procedures and conditions can be found in the supporting information; b isolated yields; c crude yield, 

ca. 91% purity; d reported earlier1; e conversion. 

 

 
Figure 1. Some of the side-products isolated from the reaction mixture of 19.

 

The choice of the most appropriate solvent to be used in these 

reactions was far from straightforward. Our earlier experiences 

with the reaction system used here indicated that alkylnitriles 

such as acetonitrile and butyronitrile would be the best solvents 

to be used in all of these ring opening reactions, however this 

was not the case. It would have been theoretically possible to 

investigate the effect of different solvents individually in each 

of the reactions reported here, but that would be beyond the 

scope of this article. Many of the reported reactions were tested 

with at least two different solvents and the solvent which 

achieved the best yields is described in the experimental section 

in the supporting information. As an example, there were very 

little differences in the isolated yields between acetonitrile and 

acetone in the synthesis of 2. In the case of 2a, acetonitrile was 

better than 2-propanol, however, in the synthesis of 2b the use 

of 2-propanol achieved a better yield. In the syntheses of 6, 8 

and 10, no additional solvents were used, because the starting 

materials (5, 7, and 9) are commonly used solvents and thus 

they were successfully exploited as such. Interestingly, when 

compounds 12a-b were synthesized using acetone as the 

solvent, higher yields were obtained than with acetonitrile 

(crude yields were around the same as when using acetonitrile). 

This was quite unexpected because acetone readily forms a 

self-condensation product under these kinds of acidic 

conditions, a fact confirmed from inspection of the 1H NMR 

spectrum of the crude product (self-condensation of acetone 

was observed also in the synthesis of 2). In the synthesis of 14, 

butyronitrile was used as the solvent, achieving a 100% 

conversion yield, whereas acetonitrile resulted in only 41% 

conversion. Probably the main reason for this difference is the 

lower temperature which can be used with acetonitrile 

(acetonitrile b.p. 82°C and butyronitrile b.p. 118°C). Higher 

temperatures were needed to reach ca. 95% conversion of γ-
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butyrolactone (15) to 4-iodobutanoic acid (16) and for this 

reason xylene was selected as the solvent in this reaction. All 

the Crown ether ring opening reactions were performed also in 

xylene, because the use of butyronitrile resulted in lower yields. 

In summary, it proved difficult to identify any direct 

relationship between the solvent used in the reactions reported 

here other than a temperature correlation. More strained rings 

needs less energy (lower temperatures) than more stable rings 

(higher temperatures). 

We also tested whether different equivalent amounts of NaI or 

NaBr should be used in the reactions to obtain the best yields; 

the amounts are reported individually for all reactions in the 

experimental section in the supporting information as are the 

amounts of Dowex H+ used in these reactions.  

 

 

Conclusions 
 
Our very recently reported method1 was successfully applied to 

prepare highly adaptable building blocks to be used in synthetic 

chemistry with only one reaction step, starting from cyclic 

ethers (or an ester in the case of 16). This new approach is 

much more environmentally-friendly and economical than 

published methods because the Dowex H+ resin can be 

regerated and reused as we have earlier reported1 and there are 

no need to use already halogenated starting materials (halogen 

exchange reaction) and no need for the use of toxic reagents 

such as NaI/BF3-etherate system9. The reported yields for the 

prepared compounds ranged from 14% to 86%, and although 

these could probably be improved by optimizing the reaction 

conditions, this would be a time-consuming process, since it 

needs to be done on a case-by-case basis.  
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Economical and environmentally-friendly method for preparation of α-iodo- and bromoalkanols 

directly from cyclic ethers has been developed. Prepared compounds are highly important building 

blocks in synthetic chemistry for the preparation of more complex molecules. 
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