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ABSTRACT 

3-C-Hydroxymethyl-D-glucose, when heated with dilute acids, rapidly forms 96% of the 1,3’- 

anhydride. 3-C-Hydroxymethyl-o-xylose, -L-lyxose, and -u-ribose each form an equilibrium that contains 

similar anhydrides but to a progressively lesser extent. Each of these branched-chain sugars has six cyclic 

forms in aqueous solution and their proportions have been determined. 

INTRODUCTION 

It is well known2 that aldoses which have a hydroxymethyl group attached to C-5 
are converted into 1,6-anhydrides on being heated with acids in aqueous solution. The 
extent of anhydride formation varies widely, according to the configuration of the sugar 

and the anhydride. A hydroxymethyl group attached to C-3 in a branched-chain sugar is 
in the same geometrical arrangement as one attached to C-5, and should give rise to a 
1,3’-anhydride. 

Several 3-C-hydroxymethyl and 3-deoxy-3-C-hydroxymethyl sugars occur in 
Nature or have been synthesised. In particular, Dahlman et al.’ have synthesised 
3-C-hydroxymethyl-D-xylose, -D-ribose, and -L-lyxose, and the last one proved to be 
identical with a sugar isolated from a lipopolysaccharide. It is now shown that such 
branched-chain sugars form 1,3’-anhydrides as readily as, and for some compounds 
more readily than, aldohexoses form 1,6-anhydrides. 

RESULTS AND DISCUSSION 

In order to study the existence and behaviour of 1,3’-anhydrides, the preparation 
of the anhydride of 3-C-hydroxymethyl-D-glucose was attempted. This sugar has not 
been described hitherto, but its 1,2:5,6-di-O-isopropylidene derivative is known3. Heat- 
ing this derivative with dilute sulfuric acid, or keeping a solution in aq. 75% trifluoroa- 
cetic acid at ambient temperature for several days, produced a crystalline compound as 
the main product. The ‘H-n.m.r. spectrum left no doubt that this product was 1,3’- 
anhydro-3-C-hydroxymethyl-a-D-glucopyranose (1); in particular, the low J,., value 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 

’ Conformational Analysis in Carbohydrate Chemistry, Part VI. For Part V, see ref. 1. 
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The equilibria between aldoses and their 1,6-anhydrides have been studied’. 

Equilibration is rather slow: at 100” in 0.5~ acid, it takes l-2 days but some sugars react 

more rapidly, e.g., idose and altrose reach equilibrium in -6 h. It is apparent that the 

formation of the anhydride from 3-C-hydroxymethyl-D-glucose is faster. After only 15 

min in 0.5~ trifluoroacetic acid at 90”, 66% of the sugar was converted into the 

anhydride and 88% after 1 h. Signals of the sugar were barely detectable in the ‘H-n.m.r. 

spectrum of the 24-h reaction mixture. Starting with the crystalline anhydride, pro- 

longed heating gave a mixture of 96% of the anhydride and 4% of the sugar. The 

hydroxymethylpentoses react at a lower rate and less of the anhydride is formed. The 

_Y$O isomer has 62% of the anhydride at equilibrium, the /y.xo isomer 27%, and the ribo 

isomer -8%. Equilibrium was not approached from the other side, but the reaction 

time appears sufficiently long to ensure that the mixture was close to equilibrium. The 

shorter times used by Dahlman et ul.’ for preparative purposes seem to have produced 

the same final composition. 

The position of the equilibrium depends on the configuration and conformation 

of the sugar and the anhydride. The anhydride of 3-C-hydroxymethyl-n-glucose is 

similar to the 2,7-anhydride of ido-heptulose (which is formed’ to the extent of 96%). It 

has the same substituents, albeit in different locations on the ring, and all are equatorial, 

which is the most favourable conformation. However, 3-C-hydroxymethyl-D-glucose is 

exceptional in having, in each pyranose form, an axial hydroxymethyl group that, 

moreover, is hindered (see below). Hence, the driving force to form the anhydride is 

great. Hydroxymethyl-xylose and -1yxose avoid the axial hydroxymethyl group by 

changing into the ‘C, form. The ~ylo isomer then has two syn-axial hydroxyl groups, 

whereas the anhydride has none; hence, anhydride formation is favourable. On the 

other hand, the P-pyranose form of the ribo isomer has no serious interactions, but its 

anhydride has two syn-axial hydroxyl groups; hence, anhydride formation is limited. 

The IJ>.w isomer is intermediate between the xylo and the 1~x0 isomers. The results, 

therefore, are as expected. 

The composition of 3-C-kydroxymetkyluldoses in solution. - The n.m.r. spectra of 

the hydroxymethylaldoses in solution in D,O are complex, and have not been analysed 

by Dahlman et a1.3. Interpretation of the regions for H-l and C-l signals has now 

revealed the equilibrium compositions in DzO. 

The signals for H-l of 3-C-hydroxymethyl-n-xylose (2) are shown in Fig. 1. Since 

the hydroxyl group of the side chain is y to the aldehyde group, it can give rise to 

additional furanose forms. The classical example of a 3-C-hydroxymethylaldose is 

apiose, which has no pyranose but four furanose form?. The sugars studied here are 

homomorphs of apiose, and the furanose H-l signals can be assigned by comparison 

with those of apiose. The pyranose H-l signals were assigned by comparison with those 

of an appropriate hexose. Thus, the chemical shifts (5.54, 5.33, 5.26, and 5.23 p.p.m.) of 

the four H-l signals for the xylo isomer (Fig. 1) are close to those (5.56, 5.34, 5.28, and 

5.26p.p.m.) in the spectrum of apiose* and so are the Jvalues (3.8,4.6,4.4, and 1.6 versus 

3.8,4.8,4.2, and 1.2 Hz). The pyranoses are in the ‘C, form and, therefore, comparison 

with xylose is inappropriate. Good correlation was found with the H-l signals of the 



altropyranoses (0 5.08. ,I,,3 0.9 Hz wrsus 6 5.09 and J,_? 1.3 Hz; ii 5,OO. ,I, J 4.7 IW.W 34.97 

and J,,, 3.0 Hr). The spectrum in Fig. 1 also discloses the presence of a small proportion 

of the anhydride. A sample of this sugar completeI> free of the anhydride u’as no1 

obtained. 

A similar close analogy was fo untl between the C- 1 signalc of the other hranchcd- 

chain sugars and of apio,e. In this ULI~. all the C-l signals were identified and the 

proportions of the various forms were determined (Table 1) The furanosc fcormb (Sa. 

P-F for the .t-.l,/o compound) that involve O-4 are described simpl> ah ‘“furanosc>” and 

the additional forms that invoice O-3’ arc denoted as 1 .i’-fnranosc< [!k,ji~ 1.3’)-f for the 

.v\,/o compound]. The data obtained from the “c‘-n.m.r, spectra agree weii \vith those 

from the ‘H-n.m.r. spectra (which confirms the correctness of our assignmen:si. 

In the ’ N-n.m.r. spectrum of ?-C‘-h~droxqmeth~l~~~~~~~~cosc. t hc H- 1 <igals of~he 

/I-furannse and the x-py-ranose overlap and their proportiorls uerc obtained from the 

“C-n.m.r. spectrum. The H-1 signals ofthc z- anti the/l-12lr~1ncis~s ot‘thc/!,.\-i)compounii 

are verb close to each other at 0‘ 5.27 and their proportions ivtxrc all obtatned frc)m the 

“C-n.m.r. spectrum. In the spectrum of fblyxose, these signsis occur at (i 5.24 and 5.116 

and have similar Jvalues ic,i. 5.36 and 5.28 for dih~dr-nstrepti)se”i. 17ihbdrc>srreptose i? 

the Sdeoxy derivative of 3-C’-hydroxymethyl-1.-lyx~~se and. since ir cannot form p>r:t- 

noses or an anhydride. onlk the furanose forms are found with :~n x:/,‘rat:o ol‘74.lh (the 

I .3’-furanosec were not detected in the spectrumV I’” 1. 7 hc rstlo obtaina! hcrc from the 

i ‘Cl-n.m.r. spectrum is similar. 

Some aspects of the data in Table 1 deserve comment. OUthe Ihur i’ams ofapiose. 

the more stable are those i ti which O-1.3 arc (.;.Y (therefore. CL:! and the side chain are 

frrrn.s). The furanose forms (51:) of 3-(‘-hydrouymethSi1_12_xq lost:. with O-1.3 t,‘<l~z.r. arc 

more stable than the corresponding apioses because the i’uranosc rung has closed 

through a secondary. rather than a primary. hydroxyl group”. Hmcc. thct:r prc~portions 

in the branched-chain YL./O i;ugar areconsiderably higher i2h.T is 0 each ~3l‘thc tiir;tno5e<) 

than in apiose ( 14 and I h0 -i I‘or the ql~c.cj isomer, the side ~II:LIII :n the I .3’-i‘uranoce, 
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HO OH c % 
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OH 
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C H-OH 

‘OqgOH Ho+o” 

HOCH, OH HO OH 

512,/?-F 5 c/,/31 1,3’)-F 

(comprising C-4,5,6) has an inevitable 1,3-parallel interaction; hence, the normal 

furanose forms preponderate. In the lyxo and ribo isomers, the furanose forms have 

O-2,3 cis and also benefit from ring closure through secondary hydroxyl groups; hence, 

the 1,3’-furanoses become very minor constituents of the equilibrium mixture. 

It is clear from the J,,? value (4.2 Hz) that the P-pyranose form (5p-P) of the ~$0 

isomer is in the ‘C, conformation (the 4C, form would have J,,, - 8 Hz). There are two 

pairs of sq’n-axial hydroxyl groups in this conformation, and the presence of an axial 

hydroxymethyl group in the 4C, form does not appear to provide sufficient driving force 

for the ring inversion. However, O-3’ will have a 1.3-parallel interaction with either O-2 

or O-4 (both possibilities are shown in the formula), and this interaction further reduces 

the stability of the 4C, form. The CY anomer (J,,, 0.9 Hz) will also be in the ‘C, form, with 

one less, and the 4C, form, with one more, s?n-axial interaction than the p anomer. The 

high proportion of the r-pyranose in the yfuco isomer is surprising. With an O-l, C-3’ 

interaction present, instability would be expected. It is possible that even this compound 

is partially in the ‘C, conformation, which would increase its stability. The n.m.r. 

spectrum does not aLlow clear definition of the conformation and it could be partially in 

TABLE I 

The composition of 3-C-hydroxymethylaldoses in D,O at 27” 

3-C-Hydmxvneth~l- x-P B-P E-F B-F ajI,3’)-F PI1,3’I-F 

o-Glucose 19 32 17 21 3 8 

D-Xylose 35.5 10.5 IS 15 8.5 15.5 

L-Lyxose 57 13 20 6 2.5 1.5 

D-Ribose 18.5 70.5 3.5 4.5 I 1.5 
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