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Note 

Cyclic polyethers derived from 5,6-O-isopropylidene-L- 
ascorbic acid* 

Alan H. Haines+ and Dina Katrania 
School of Chemical Sciences, University of East Anylia, Norwich NR4 7T.l (Great Britain) 

(Received February 5th, 1991; accepted for publication March 8th, 1991) 

The preparation of 2,3-di-0-alkyl derivatives of L-ascorbic acid (vitamin C) was 

not entirely straightforward until the important discovery by Dallacker and Sanders’ 

that treatment of 5,6-0-isopropylidene-L-ascorbic acid (1) with alkyl halides in NJ- 

dimethylformamide in the presence of anhydrous potassium carbonate led to good 

yields of 2,3-di-O-alkyl-5,6-O-isopropylidene-L-ascorbic acids. Interestingly, use of 

certain 1 ,n-dihalo-alkanes in this type of reaction led to formation of cyclic derivatives 

(2) which, for n = 2, 3, and 4, were crystalline. In view of the possible importance of 

metal-ion complexation in the biological action of L-ascorbic acid in certain metabolic 

pathways, we wished to adapt this type of synthesis for the preparation of cyclic 

polyethers (crown polyethers) of L-ascorbic acid. We now report the preparation of 

9-crown-3, 15-crown-5, and 1 g-crown-6 derivatives of the diol 1 and also on elimination 

products that can arise in the alkylation reactions on 1, leading to the formation 

3,4-dialkoxy-5-(2-hydroxyethylidene)-2(5~-furanones. 

Reaction of 5,6-0-isopropylidene-L-ascorbic acid (1) with diethylene glycol dito- 

sylate in N,N-dimethylformamide (Fisons’ S.L.R. grade, water <O.l%) at 70” gave 

(t.1.c.) a mixture of products containing three major components, which were isolated 

by column chromatography on silica gel. The most mobile component was isolated as a 

thick oil which, on the basis of its mass spectrum and ‘H- and “C-n.m.r. spectra, was 

identified as 5,6-O-isopropylidene-2,3-di-0-[2-(2-tosyloxyethoxy)ethyl]-L-ascorbic 

acid (3). The next most mobile component gave the required cyclic ether, 5,6-O- 

isopropylidene-2,3-0-(3-oxa-l,5-pentanediyl)-L-ascorbic acid (4), as a crystalline solid 

in 15% yield. The slowest running component was obtained crystalline in 15% yield and 

its ‘H-n.m.r. spectrum, which clearly indicated the absence of an isopropylidene residue, 

was relatively simple and contained a one-proton triplet at 6 5.57 (J 7 Hz) that was 

shown by decoupling experiments to be coupled to a two-proton doublet centred on 6 

4.43. The presence of an exchangeable proton on treatment with D,O, a strong 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
’ To whom correspondence should be addressed. 
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grade N,N-dimethylformamide (water < 0.1%) was used, t.1.c. (dichloromethane-ethyl 
acetate, 9:l) after reaction for 8 h revealed a mixture of products with one major 
component having R, 0.31, but none of the expected* 2,3-dibenzyl ether 11 was 
detected. Isolation of the major component afforded a thick syrup, identified on the 
basis of its ‘H- and 13C-n.m.r. spectra and its mass spectrum as 3,4-dibenzyloxy-5-(2- 
hydroxyethylidene)-2-(5H)-furanone (12), presumably with the (Z)-configuration on 
the basis of the likely mechanism of its formation. 

Repetition of the benzylation reaction on 1, but using Fisons’ dried and distilled 
grade N,N-dimethylformamide (water content <0.02%), gave, without chromato- 
graphy and in 45% yield, the expected 2,3-dibenzyl ether (11) by direct crystallisation 
from the reaction mixture, in agreement with the reported procedure’ (which used 
absolute N,N-dimethylformamide), although in somewhat lower yield. Only a small 
proportion of furanone 12 was present in the crude mixture of products. Treatment of 
11 with potassium carbonate in S.L.R. grade N,N-dimethylformamide afforded a 
mixture containing, as the predominant component, the furanone 12, which could be 
isolated by chromatography. 

Reaction of 1 with tetraethylene glycol ditosylate and with pentaethylene glycol 
ditosylate in N,N-dimethylformamide in the presence of potassium carbonate gave, 

respectively, as the major product after chromatography, 5,6-0-isopropylidene-2,3- 
O-(3,6,9-trioxa-l,ll-undecanediyl)-~-ascorbic acid (13) and 5,6-0-isopropylidene-2,3- 
0-(3,6,9,12-tetraoxa-l,14-tetradecanediyl)-~-ascorbic acid (14), the former in only low 
yield. In contrast, the expected 2,3-O-(3,6-dioxa-1,8-octanediyl) derivative 15 could not 
be isolated from the complex mixture resulting from reaction of 1 with triethylene glycol 
ditosylate. On replacement of potassium carbonate by lithium carbonate in this reac- 
tion, which might reasonably be expected to favour formation of the 12-crown-4 
polyether, only starting materials could be detected by t.1.c. 

The elimination reaction leading to the furanoses 5, 7,8, and 12, which, under the 

alkylation conditions described, is clearly promoted by the presence of a small concen- 
tration of water, is worthy of further exploitation for synthesis. Such compounds are 
closely related in structure to the naturally occurring 4-ylidenebutenolides and 4- 
ylidenetetronic acids5, multicolic acid (16) being an example of the latter class of 
compounds. Some ylidenebutenolides and ylidenetetronic acids show a useful spectrum 
of biological activity5. 

EXPERIMENTAL 

‘H-N.m.r. spectra were recorded for solutions in CDCI, (internal Me,Si) at 60 or 

90 MHz with JEOL PMX60si or EX90 FT spectrometers, respectively, and “C-n.m.r. 

* We are indebted to Professor Dr. Dallacker for generously supplying an authentic sample of 11, the 

corresponding dimethyl ether, a copy of the Dissertation of J. Sanders. and for very helpful correspondence 
on this matter. 
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(C=O), 1680cm-‘(C=C). ‘H-N.m.r.data:d l.29,1.32(2s,each3H,CMeZ), 3.2&5.10 

(cm, 20 H, H-4,5,6a,6b and 4 OCH,CH,O). Mass spectrum (c.i. with NH,): m/z 
375.1655 [M + HI+. 

Repetition of the reaction with either sodium or caesium carbonate gave no 
advantage. 

(c) Withpentaethylene glycoi di-p-toluenesulphonate. Treatment of l(2.16 g) with 
pentaethylene glycol di-p-toluenesulphonate’ (5.46 g) and potassium carbonate (1.52 g) 
in NJ-dimethylformamide, as described in (b), gave (t.1.c.; dichloromethaneethyl 
acetate, 1: 1) a major product, with R, 0.23, which was isolated by column chromato- 
graphy in the same solvent system to give, as a thick syrup, 5,6-0-isopropylidene-2,3-0- 
(3,6,9,12_tetraoxa- 1,14-tetradecanediyl)-r-ascorbic acid (14; 0.83 g, 20%) [a], t22” (c 
0.55, chloroform); vE,mX 1765 (C =O), 1675 cm-’ (C=C). ‘H-N.m.r. data: 6, 1.40 (s, 6 H, 

CMe,), 3.40-4.90 (cm, 24 H, H-4,5,6a,6b and 5 OCH,CH,O). Mass spectrum (c.i. with 
NH,): m/z 419.1917 [M + HI+. 

(cl) With triethylene glycol di-p-toluenesulphonate. Treatment of 1 (2.16 g) with 

triethylene glycol di-p-toluenesulphonate6 (4.58 g) and anhydrous potassium carbonate 
(1.52 g) in N,iV-dimethylformamide, as described in (h), yielded a multicomponent 
mixture which could not be fractionated. When lithium carbonate was used, only 
starting materials were detected. 

(e) With benzyl bromide-potassium carbonate in N,N-dimethylformamide. -- (i) A 

mixture of I(2.16 g), benzyl bromide (3.75 g), and anhydrous potassium carbonate (1.52 
g) in S.L.R. grade NJ-dimethylformamide (40 mL) was stirred at 60” under nitrogen 
for 8 h, then worked-up as in (a). T.1.c. (dichloromethaneethyl acetate, 9: 1) revealed a 

mixture of products with that having R, 0.3 1 preponderating, but none of the expected 

2,3-dibenzyl ether 11. Isolation of the major component by repeated column chroma- 
tography with dichloromethaneeethyl acetate (first lO:l, then 3:1) afforded, as a thick 

syrup, (I?)- or (2)-3,4-dibenzyloxy-5-(2-hydroxyethylidene)-2(5~-furanone (12; 0.17 
g, 5%); ~~~3400(OH), 1770(C=O),and 1650cm- (C=C).N.m.r.data: ‘H,6 lJO(bs, 
1 H, OH), 4.35 (d, 2 H, J7.2 Hz, CH,OH), 5.10 and 5.20 (2 s, each 2 H, 2 PhCH,), 5.50 (t, 
1 H, = CHCH,OH), 7.18-7.60 (m, 10 H, 2 Ph); 13C, 6 56.5 (CH20H), 73.2 and 74.0 (2 

PhCH,), 107.5 (=CHCH,OH), 123.2 (C=CiC=O), 142.4 (C=C-&C=O), 148.2 
(C=C-C=O), 164.3 (C=O) (b esi d es aromatic-C resonances (not listed), peaks at 6 

53.4 and 113.0 were observed that were relatively weak compared to those at 6 56.5 and 
107.5, which might indicate the presence of a minor proportion of the alternative 

geometrical isomer). Mass spectrum (c.i. with NH,): m/z 356.1498 [M + NH,]‘.. 
(ii) The method was essentially that described by Dallacker and Sanders’ except 

that benzyl bromide was used in place of benzyl chloride and the reaction was conducted 
at 40” instead of 60” in an attempt to minimise elimination. Treatment of l(2.16 g) with 

benzyl bromide (3.75 g) and anhydrous potassium carbonate (1.52 g) in dried and 
distilled N,iV-dimethylformamide at 40” for 7 h under a nitrogen atmosphere, with 
crystallisation of the crude product from methanol, afforded 2,3-di-O-benzyl-5,6-0- 

isopropylidene-L-ascorbic acid (11; 1.8 g, 45%), m.p. 128”, [z], + 63” (c 0.58, acetone); 

lit.’ m.p. 123-125”, [cY], + 59.3” (acetone). T.1.c. (dichloromethaneeethyl acetate, 9:1) 

revealed a small proportion of 12 in the crude reaction product. 



Treutment of‘ 11 wirh potassium sdwwtc in ‘V.N-lii?,lrtll?,!fi,r-nlunli~f~J. .A 

mixture of 11 (0.396 g) and anhydrous potassium carbonate (0.152 g) in S.L.R. grade 

N,,~-dimethylformamide (4 ml_) was stirred for 5 11 at 40” under nitrogn. Isolation of 

the product in the usual manncrgave a syrup which contained (t.t.c.; dichloromethanv 

ethyl acetate. 9: 1) a minor proportion of 11 and the elimination producl 12. which could 

be isolated by column chromatography. On rcpcrttinp the reaction in dried and diztil1et.i 

?V,~~-dimethylfonn~Imide, the proportion of 12 in the mixture c~iproducts, asjud@ bh 

t.1.c.. was significantly loucr. 
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