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ABSTRACT 

Methanolysls of radIoactIvely labelled D-fructose gves, tially, the cr-pyranoslde, 
fi-pyranoslde, a-furanoslde, and fl-furanoslde m the ratios 3 46 25 26 The corre- 
sponchng ratios for the L-sorbosldes are 92 1 5 2 As urlth the aldoses, these ketores 
mamly gve furanosjdes m lcmetically controlled reactions: the pyranosldes are then 
formed as thermodynamic products A pnmary objective of the work was to examme 
the role played m the reactlons by the acychc dlmethyl acetals, urlth neither sugar was 
any such product detected, and it IS estimated that their concentrations were never m 
excess of 0 05% m the reaction components 

INTRODUCTION 

W&m recent years, apphcation of refined separatory and analytlcal methods 
to the products of the acid-catalysed methanolysls of free sugars has enabled these 
complex reactions to be followed with a preclslon not attamable by the earher 
mvestigators’ However, It has been established for several decades that furanosldes 
are formed from aldoses under kmetlc control, whereas pyranosldes are the maJor, 
final products of the reaction, and this knowledge has been used on many occasions 
to obtain glycosldes of specific rmg-size Bishop and hs colleagues3, applymg gas- 
hqmd chromatographlc methods, co-ed tlus generahsation They were also able 
to follow m detail the quantltatlve slgnficance of each glycoslde throughout the 
course of the methanolysls process, and thus provide the fist detaled analysis of the 
reaction Their methods, however, &d not reveal the acychc dlmethyl acetals proposed 
by Flscher4 as hkely glycoslde precursors; only in later work were these detected, and 
then concurrently, by two groups usmg 14C-based analytIcal methods Heard and 
Barker observed the acetals of arabmose and gal.actose m the methanolysls products 
of these sugars5, and Ferrier and Hatton showed that the analogous compounds were 
formed durmg the react:on of xylose and glucose 6 Both investigations revealed that 
the acetals were never present m more than very small proportlons (-2 5%), and led 
to the conclusion that they were not precursors of the furanosldes, but were formed 
as lanetic products concurrently w& them 

The acid-catalysed methanolysls reaction has been apphed to both D-fructose’ 
and, to a lesser extent, L-sorbose4ss, and the general features of the processes seem 
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to parallel those applymg with the aldoses However, It appears that no detaded 
mnvestigabons of the reactrons have been undertaken; in particular, no assessment has 
been given of the contnbufion made to the reactions by the acyclic acetals Several 
features of ketose cheuustry led us to suspect that these acetals mght be prcmment 
m the reaction Firstly, acychc species are apparently more prevalent m the chemistry 
of ketoses than of aldoses, thus, acychc penta-O-acetylhexuloses can be prepared 
directly’ (presumably because of the relative &&u&y urlth wbch the tertiary, 
anomenc hydroxyl groups can be ester&d), and the free sugars” and simple 
analoguesl l, although mamly cychc m aqueous solution, show spectroscopic 
characterrstics which m&cat@ the presence of, m some cases, substantial proportions 
of acychc forms Furthermore, tnmethylsllylation of D-fructose Bves some of the 
acychc kefo-pentaether l 2, tbs bemg m marked contrast to findmgs urlth aldoses13 
Secondly, whereas the mercury(II)-Induced methanolysls of aldose lalkyl &tluo- 
acetals usually affords methyl glycofuranosldes14, apphcatlon of this reactlon tc 
D-fIXbOSe dietbyl ditioacetal sves (at least at low temperatures) the dlmetbyl acetal 
m good yield’ 5 It would be expected that such a reaction wouId proceed by way of 
Ion 1, or a species closely related to it, and that ths would react with methanol m a 
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kmetlcally controlled process to give the product Since Ion 1 could well be formed at 
an early stage m the acld-catalysed methanolysls of D-fructose, it seemed highly 
probable that D-fructose &methyl acetal would be formed at least as a lanetic 
product *dly, thermodynanuc factors also suggest that the acetal, at least m the 
case of D-frUCtOSe, might be found m the reactlon products, m the planar ug-zag 
conformation, it has rmmmal, energetically unfavourable 1,3-mteractlons16, whereas 
none of the cychc species IS v&hout appreciable destablhsmg influences 

RIZXJLTS AND DISCUSSION 

The methods used m tis study have been described III detil previously’ 6, and 
mvolve carrymg out the reactlons of 14C-labelled sugars m dry, metbanohc hydrogen 
chloride, removmg alzquot samples, neutrahsmg the acid, and separating lihe com- 
ponents on paper chromatograms The ra&oactive compounds were located by radio- 
autography, and their relative proportrons determmed by use of an end-wmdow 
Gezger tube. Each reaction product was charactensed by co-chromatography, m two 
dimensions, with an authentic sample of Inactive matenal 

In experiments camed out with D-fructose and L-sorbose at -28” urlth -0.1% 
metbanollc hydrogen chloride, reaction patterns tiustrated 111 Fzgs 1 and 2 were 
estabhshed, i e , m concurrence urlth the ana!ogous reactlons of aldoses, furanosldes 
are the mam, lmtzal products and these then lsomense substantially to pyranosldes 
For sorbose, thus latter conversion IS almost complete, but with fructose half of the 
glycosides remam at eqmhbnum m the five-membered rmg form, tkus result was 
confirmed by methanolysmg methyl P-D-fructopyranoslde Wzth methyl a-L-sorbo- 
pyranoslde (21, all the secondary hydroxyl groups can adopt the preferred equatonal 
onentation, and thus rmg form IS favoured relative to the furanold form (3) in wkch 
there are two destabtismg 1,2-czs-interactions Cotigurahonal mverszon at C-5 (to 

OO- 12 
time (h) 

p- Pyranostde 

/3-Furanosrde 
ci - Furanoslde 

- cr- Pyranoslde 

TSx-& 

FIN. 1 Products of the reaction between D-fructose (0 5%) and methanohc hydrogen chlonde 
(0 113%) at 27 5” (the sugar had effectively all reacted w&m 0 5 h). 
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7 a - Pyranos’de 

Total furanosldes 

12 2 
tmie (h) 

Fig 2 Components rn the reacuon between r-sorbose (0 5%) and methanokc hydrogen chlonde 
(0 iO4%) at 28 0” 

grve the D-fructosrdes) removes one of these furanord mteractrons and requnes that at 
least one of the nng hydroxyl-groups be axral m the pyranosrdes, and so the furano- 
ade-pyranoslde ratio must necessarily be &her for tlus sugar 

Another stnlung feature of the results is the high preponderance, m both cases, 
of one of the pyranosrdes relatrve to the other Tlus can be ascribed to the strong 
conformatlonal demands of the groups at the anomenc centre of the hexuloses whtIe 
the hydroxymethyl group DID prefer the equatonal onentatlon for stenc reasons, the 
methoxyl group w111 prefer the axml onentatlon because of the mamfestatron of the 
drpolar, anomernz effect Methyl a+sorbopyranosrde m the Illustrated conformation 
(2) is therefore very much more stable than Its anomer and, sumlarly, methyl B-D- 
fiuctopyranosrde (4) IS the favoured anomer However, wnh the fructopyranosrdes, 
the ratio of major anomer-mmor anomer IS very much smaller than for the sorbo- 
pyranosrdes, and tlus findmg can be accounted for by the fact that the sorbosrdes 
differ by the mteractron energres of three axral hydroxyl-groups (when each anomer IS 
m the chair form with the methoxyl group axral), whereas the fructosldes differ by 
the effect of only one such group From Table I, It can be seen by comparison 
between the eqmhbrated ketohexopyranosrdes and cor&uratronally related aldo- 
pentopyranosrdes (fructoades and arabmosldes; sorbosrdes and xylosrdes) that these 
pyranosrde ratros are enhanced very substantrally m favour of the thermodynanucally 
favoured anomers by the mtroduction of the hydroxymethyl group at C-l of the 
pentosldes 

For the fructose-arabmose pau, the mformauon on the equrhbrated glycosrdes 
can be further compared wnh related mformatron on the free sugars m deutenum 
oxrde (Table I) As noted prevlocsly ” furanold forms are relatively favoured for the , 

glycosrdes m methanoI and, secondly, the data suggest that a l,Zcrs-OH/OMe 
interactron m furanosrdcs rn methanol IS more destabrhsmg than the analogous 
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TABLE I 

EQUILIBRATED PERCENTAGES OF SUG4RS IN DEUTERIUM OXIDE AND h3JZHYL GLYCOSIDES IN hUXHANOL 

Compound Rrng form 

a-Pyranord j?-Pyranord a-Furanold &Furanord 

Fructose’e 3 5; 9 31 
Methyl fructoslde 3 4t 25 26 
Arabmosezg 60 35 5 25 2 
Methyl arabmoslde3b 24 47 22 7 
Methyl sorboslde 91 1 5 2 
Methyl xyloslde3b 65 30 - 5 - 

OH/OH Interaction m water. If the anomenc ratio of frzctofuranoses and fructo- 
furanosldes depends only upon Interactions between anomenc carbon substltuents 
and nelghbourmg carbon groups (oosslbly a weak assumption), It can be deduced 
that the OH/OMe Interaction III methyl P-D-fructofmanoslde equals the OH/CH,OH 
interaction (consldered to be the most unfavoured mteractlon m a furanold rmg20) m 
the anomer, whereas with the free sugar this latter mteractlon exceeds that of the 
a-&o1 

No dimethyl acetals were revealed durmg these f?rst expernnents, and so the 
early parts of the reactlons were exammed m detIul by repeatmg the methanolyses 
urlth smaller amounts of acid, with a view to reveahng possible kmetic products The 
reaction courses are tiustrated m Figs 3 and 4, no acetals were detected on the radio- 
autograms, and countmg of radloactlvlty (on the areas of the papers on which they 
would have been located) mdlcated that they were not present m any of the samples 
exammed to an extent of greater than 0 05% Thus, If the &methyl acetals are formed 

12 i 
tlme(hl 

77; f3- Pyranoslde 
Fructose 

4 a- Pyranoslde 48 72 

Fig 3 Components m the reacbon between D-frUCtOSe (0 5%) and methanohc hydrogen chlonde 
(0 0011%) at 26 2O 
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24 

a-Pyranoslde 

a-Furanosbde 

24 48 
trme(h) 

Fig. 4 Components m the reacaon between L-sorbose (0 So/,) and methanohc hydrogen cblonde 
(0.013%) at 289 

as kmet~cally controlled products, they must cyclise to @ve furanosldes extremely 
rapidly The furanosrdes are agam shown to be early products but, as with some 
aldoses, they are not uutially formed m therr eqtuhbrated ratio For both ketoses, as 
with the xyIosrdes6 3b and glucosides3’, the thermodynarmcahy Iess-stable furanoslde 
IS fouud uuttally m higher than rts final proporttons (Frgs 5 and 6) l&s could anse 
because of factors whtch operate durmg kmetlcally controlled, ring-closure steps, but 
it IS chfficult to speculate smce It is not known whether the compounds m question 
anse from acyclic species or from furanoses 

I 
12 24 

tlmeth) 

f?-Furanostde 

P-Furanoslde 

?4 72 

Fig. 5. ProporQom of furanosldes produced m the reaction between D-fructose (0 S%)andmethanohc 
hydrageE- QIaUL%) z&2&2”, 
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e-Furanostde 

B-Furanoslde 

0 , 1 1 
0 2 4 6 9 

time(h) 

hg 6 Propornons of furanosldes produced III the reachon between L-sorbose (0 5%) and methanohc 

hydrogen chlonde (0 013%) at 28” 

EXPERIMENTAL 

D-Fnxtose-U-14C and L-sorbose-U- 14C were obtamed from the Radio- 
chemical Centre, Amersham, England, at spec& activmes of 24 mCl/mmole 

Inactive glycosldes and dlmethyl acetals, having the physxal constants m- 
dicated m Table II, were prepared either by the pubhshed methods referred to m thrs 
Table or as mdlcated below Chromatographx moblhties (m butanone saturated urlth 
water) are also noted, as are the reducbons” of periodate 10~1 for the fructose 
denvatives. 

Methyl L-sorbofuranosldes - L-Sorbose (10 g) was &ssolved m methanol 
(1 htre) contaimng hydrogen chlonde (0.0127%), and the solut~oc was left at room 
temperature for 8 h, after which tune the acid was neutrahsed with sodmm hydrogen 
carbonate. Removal of the solids and solvent gave a syrup, a portion (5 g) of whxh 
was fractionated on a column of cellulose powder, usmg butanone saturated mth 
water as eluting solvent. The tist fraction contamed a nuxture of furanosldes (1.87 g, 
R SORBoSE 4 3), subsequent fractions contamed the a-pyranoside and the free sugar 
A potion (0 87 g) of the furanoslde fraction was vested with bcnzoyl chlonde m 
pyridme at 0” under standard conditions, and gave two products whxh were frac- 
tionated by preparative t 1 c The more-mobile product was methyl B-L-sorbo- 
furanoside tetrabenzoate (0 25 g), m p 110-112” (from methanol), (I& + 17” (c 1.0, 
chloroform) (Found C, 69 1, H, 5 0 C35H3,,010 talc - C, 68 8; H, 4 9%), and the 
less-mobile compound was syrupy methyl a-L-sorbofizranoslde tetrabenzoate (0 6 g), 

IaID - 115” (c 0 75, chloroform) (Found C, 67.7; H, 5.0%). The n m r. spectra of the 
Isomers were consistent with the assigned structures. each showed the presence of one 
methyl group and four ester groups, two of which were pnmary (pnmary ester protons 
resonatmg at 6 4 3-5 1, whereas secondary, rmg-ester protons resonated at 6 5 8-6 3). 
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Debenzoylatlon of the mmor tetrabenzoate (0 24 g) was accomphshed by using 
sodium methoxlde m methanol, the sodium bemg removed after completion of the 
reactlon by the use of catlomc resm m the presence of a httle pyndme The solvent 
was removed, and an aqueous sol&on of the resxdual syrup was tw~cc extracted with 
hght petroleum and then concentrated to dryness to Bve methyl fl-L-sorbofuranoade 
(73 mg, 95%), Cc& +60” (c 0.7, ethanol) Slmllarly, the major benzoate (0.6 g) gave 
methyl a-L-sorbofuranonde (0 17 g, 89%), [& -85” (c 1 7, ethanol) These 
furanosldes have, apparently, not been Isolated before (see, however, Ref 27), 
although then acetates have been descr~bed28, as \mth the benzoates, only the p-ester 
is crystalline 

L-So&se dzmethyl acetal - L-Sorbose dlethyl dlthloacetal(0 5 g) was dissolved 
m dry methanol (6 ml) and, at - SO”, mercury(II) oxide (1 g) was added followed by a 
saturated, methanohc solution of mercury@) chloride (1 05 g, 2 2 mol ) The mixture 
was shaken at -80” for 48 h, and t 1 c then mdlcated that the startmg material had 
been converted mto borh furanosldes together with a mayor product (RsORBOsE 5 64) 
which was separable from the four glycosldes In ad&tion, a small amount of sorbose 
was produced After separation on a column of cellulose, the acetal was obtained 
from the mam product m %5% yield, [Q]~ -42” (c 0 9, ethanol) The n m r spectrum 
111 pyndme showed two equal methoxyl resonances (6 3 29, 3 38) similar to those 
(6 3 35, 3 43) m the spectrum of the fructose analogue The mass spectrum of the 
denved acetate showed a small molecular eon (m/e 436) and maJor peaks at m/e 405, 
363, 345, 331, 303, and 289, consistent with the fol!owmg ions (M-O-Me)+, 
(M-OMe-CH,CO)+, (M-OMe-AcOH)‘, (M-OMe-HOMe-CH,CO)*, 
(M-OMe-CH&O-AcOH)+, and (M-C-l, C-2, and substltuents)+ 

Radzochemzcal methods - The methods employed were those described 
previously1 6, however, no chemically Inert, radloactlve reference compound was 
used, nor were corrections made for possible preferential absorption of compounds 
on the solids employed for neutrahsatlon of the acid catalyst, nor for &stances 
travelled on chromatograms After elutlon from chromatograms, radloactlve products 
of methanolysls were mixed with small samples of appropnate, mactlve glycosldes 
and co-chromatographed on square papers developed m one direction nnth butanone 
saturated with water and m the other (90”) with l-butanol-ethanol-water (4 1 5, upper 
phase) The active samples were located by radioautography, and the inactive 
materials w&h a silver nitrate spray reagent (for sorbose compounds) and tnth 
ethanol containing 20% cone hydrochlonc acid (for fructose compounds) 

MethanoIyszs of D-fructose (tlze completz reactzon) - D-Fructose (5 mg) and 
D-fructose-14C (10 @) were dissolved m dry methanol, and the solution was chIuteJ 
to 10 ml by the addition of methanohc hydrogen chlonde so that the iinal concen- 
tration of acid was 0 113% The flask was placed m a thermostated bath at 27 5 &O 1” 
and aliquot samples were urlthdrawn at intervals. The acid was neutrahsed by the 
addition of a few grams of Deacl&te FF(HO-) resin, and the solutions were subJected 
to paper chromatography (24 h, using butanone saturated ~th water) The results of 
radloactlvlty countmg of the developed chromatogram are gven m Table III and are 
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represented &agramatically m Ag. 1, the tial proportions of c+pyranoside, @- 
pyranoslde, cr-furanoslde, and /?-furanoslde were 3,46,25, and 26% in this experiment 
In a duphcate experiment camed out under Identxcal condlhons, except that the 
reaction was allowed to proceed for 6 days, the cozrespondmg percentages were 3,48, 
23, and 26; when rachoactive methyl j&D-fructopyranowde (obtamed by eIution from 
a chromatogram) was treated for 6 days at 22” m methanolrc hydrogen chlonde 
(0.113%), the figures were 2, 50, 23, and 25%. It JS concluded that the ~mt~al figures 
represent, to within experunental error, the concentrations of an eqmhbrated set of 
methyi fkuctosldes under these conlhous 

TABLE III 

AcXWTIES (COUNTS/hTIN)= OF THE RESOLVED COMPONENTS FROM THE M?ZI’HANOLysls OF 
D-FRlJtXOSd AT 27 5” 

compollIld Tune (h) 

05 15 3 5 9 24 48 72 96 

n-Fructose 720 <so0 <so0 <so0 <.5OO <so0 <so0 <SO0 t500 

a-Pyranonde 235 290 300 350 570 820 930 1060 1170 

j?-Pyranoside 3370 4110 4320 5850 9510 14530 17100 17650 18600 
cr-Furanoslde 17920 19190 17870 18740 20350 15300 11350 10160 10300 

JI-Furanoslde 17930 19350 18010 18990 21150 15590 11730 10860 10600 

oCounts are corrected for paralysis and for background count *D-Fructose, 0 5%, hydrogen chloride, 

0 i13%) 

Methmtolyszs of L-sorbose (the complete reactron) - L-Sorbose (7 5 mg) and 
L-sorbose-14C (15 PCI) were treated, as described above, with metbauohc hydrogen 
chloride (1 5 ml, 0 104%) at 28.0 +O.l”. Ahquot samples (75 ~1) were analysed, as 

previously mdrcated, after neutrahsation of the acid mth sohd sodium hydrogen 
carbonate The results are Dven III Table IV and are represented m Fig 2. In ths 

TABLE IV 

AcXIWlXS (COUNTS/hUN)d OF THE RESOLVED C0MPONlWl-S FROM THE hETHANOLYSIS OF 

L-SORBOSS? AT 28 0” 

Compound Tune (II) 

0.25 05 I 2 4 9 24 48 96 

L-Sorbose 22530 9430 7900 1750 1590 1665 790 750 1130 

a-woslde 5960 11210 16790 21570 22550 50330 39090 57680 69500 

&Pyranoslde 230 340 330 310 320 540 640 320 550 

21620 32670 32760 39080 25690 25400 5920 4720 4870 

oCounts are corrected for paralysis and for background count tL-Sorbose, 0 5%; hydrogen chIonde 
0 104%). 
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expenment, the anomeric furanosides were poorly resolved and were therefore 
determmed together_ 

Methanoz’yszs of D-frztctoAe (eady Atages of the reacfzorz). - D-Fructose (7 5 mg) 

and D-fructose-14C (15 /ICI) were treated, as descrrbed above, wrth methanohc 
hydrogen chlonde (1 5 ml, 0 0011%) at 26 2 +_0.1” Ahquot samples (100 ~1) were 
analysed after neutrahsatron with Deacrdtte FF(H0’) resin, and the resuhs are given 
m Table V and are represented III Frg 3. The furanosrdes are treated separately m 
Frg 5 

l 

TABLE V 

ACXIV- (COIJNTS~blIN)a OF THE RESOLVED COhfPONENTS FROM THE biExHANoLYsls OP 

D-FRUCTOSI? AT 26 2” 

Compound Tzme (h) 

02.5 05 I 2 4 8 24 48 72 

D-Fructose 57410 57320 48070 44820 44630 28450 7130 1640 815 
a-Pyranowde 80 100 140 200 340 460 600 480 400 
B-Pyranowde 250 330 420 670 1500 3600 4970 4690 4200 
a-Furanonde 1140 2660 4410 7640 14580 21200 33580 31360 27160 
&Furanoswie 840 1990 3300 6080 11990 19080 32030 30710 27720 

‘%ounts are corrected for pwalysls and for background count. bD-FfUCtOSe, 0.5%, hydrogen chloride, 
0 0011%) 

Methanolyszs of r_-sorbose (eady stages of tlze reactzon) - L-Sorbose (7.5 mg) 
and r,-sorbose- 14C (15 @) were treated, as described above, wrth methanohc 
hydrogen chlonde (1 5 ml, 0 013%) at 28 0 +O 1”. Ahquot samples (75 ~1) were 
analysed after neutrahsatron wrth sohd sodmm hydrogen carbonate The results are 
grven m TabIe VI and are represented m Fig. 4 The furanosrdes are treated separately 
m Frg 6. 

TABLE VI 

ACTIVITIES (COUNTS/MIN)’ OF THE RESOLVED COMPONENTS FROM THE METHANOLYSIS OF 

L-SORBOSEb AT 28 0” 

Compound Time (h) 

0.25 05 I 2 4 6 9 24 48 

L-Sorbose 38250 42410 37830 28660 15610 8810 5210 3020 3360 
a-Pyranoslde 900 1380 2900 5860 9560 13610 15120 26250 35740 
/?-Pyranoslde 35 40 100 70 120 130 150 320 340 
a-Furanoslde 1790 4180 8580 13930 21180 27190 25420 26910 22770 
&Furauoslde 970 1740 2990 5810 7740 10030 11130 10500 10130 

a~unts are corrected for pwaIys~s and for background count brAorbose, 0 5%) hydrogen chloride, 
0 013%) 
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