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AEsrRAcT 

The Interpretation of 220- and 3OO-MHz p m r spectra and the accurate 
chemxal sh&s and couphng constants of a number of per-O-trrmethylsllyl-FMS-) 

D-fructose denvaaves and TMS-ohgosacchandes contammg /3-D-fructofuranose 
residues are presented On the basis of calculations mth an adapted Karplus equation, 
It IS concluded that TMS-a- and -/I-D-fructopyranose occur m the ‘C,(D) chair 
conformatlon, whereas the D-glucopyranose rings m the ohgosaccharldes adopt the 
usual 4cl(D) chair conformation The structure of the latter umts IS very similar to 
that of TMS-a-D-glucopyranose The “E(D) envelope and 4T,(~) twist are the prmcipal 
conformations of the D-fructofuranose rmgs The conformation of the furanose rmg 
depends on the number and land of monosaccharrde umts attached thereto The 
calcuIated, preferred conformation of the C-S-CH,OTMS group of the D-frUCtO- 

furanose moleties correlates with the time-averaged displacement of C-4 above the 
plane of C-2, C-3, and O-5. 

INTRODUCTION 

Previously, we reported on the determmatron, by means of h&-resolution 
p m r. spectroscopy, of the conformation of the pyranold nngs and of structural 
detads of TMS-aldohexoses1*2, TMS-aldohexosyl Qsacchandes’, and TMS-6- 
deoxyaldohexoses 2. We have also stu&ed compounds contammg furanold rmgs, 
particularly TMS denvatrves of the various anomenc forms of D-fructose and of some 
ohgosaccharldes contammg D-fructose. The latter types of compound occur fre- 
quently m plant matenal and are under Investigation m our laboratory3 Compmson 
of the ohgosacchades perrmts a study of the conformation of the furanold rmg m 
relation to the number and type of monosaccharide moletIes attached thereto. 

For the determmaaon of the conformation of furanold nngs m solution, 
account must be taken of the low energy bamers between the &fferent conformations, 
wbch result m rapid mterconverslon4. The structure of the furanold rmg has been 
estimatedq-6 by sever al approaches m whxch a set of closely related conformations IS 
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used to descnbe the actual situation This set of conformations IS usually deduced 
from compansons of the dihedral angles between the vlcmal rmg protons, as caIculated 
from the observed couphng constants and the angles obtamed from models of the 
20 ideal conformatIons [lo mst (T) and 10 envelope (E) conformations] In addltlon 
to the contibutlons of different conformations, the couphng constants may also 
reflect changes m the trme-averaged degree of puckermg of the rmg5B6 For fructo- 
furanoses (Fruf), the determmatlon of the rmg structure IS comphcated, because 
only two couplmg constants (J3 ,4 and J&) are avadable, whereas there are three for 
aldohexofuranoses and aldopentofuranoses 

In the hterature, the 3E(~) conformatlon has been proposed for the a-D-Fruf 
rmg, in 1’,2-anhydro-[1-(a-D-Fr@)-j?-D-Frufl and the *E(D) conformatlon for the 
B-D-Fruf rmg in this compound ’ Thus rmg conformatlon IS also suggested for 
&D-F& m per-CLacetyls~crose’** and m per-O-acetyl derivatives of hgher ohgo- 
saccharides’‘“› 

RESULTS 

Interpretation of the spectra - The 220-MHz p m r spectra of the TMS 
derivatives of a-D-fructopyranose (l), /3-D-fructopyranose (2), /3-D-fructofuranose (3), 
methyl /3-D-fructofuranoside (4), sucrose (5), 1-kestose (6), and melezltose (7) were 
recorded for solutions m acetone-d, The spectra of 6 and 7 were also measured at 
300 MHz 

The spectra have the followmg general features The TMS-methyl groups give 
rise to strong, sharp smglets m the reDon 8 0.1-O 3 (Table I) The protons attached 
to the carbon skeleton of the sugar residues are observed between 6 3 3-4 5, but the 
anomerlc protons (H-l) of the D-glucopyranose residues m 5,6, and 7 resonate m the 
range 6 5 O-5 5, for the numbermg of the protons, see Fig 1 The magnetIcally non- 
eqmvalent C-l protons of the D-fructose residues ave rise to a readily detectable 
AB pattern one of the doublets IS present m the reDon 6 3 4-3 6 while the other 1s 
located between 6 3 5 and 3 9 

The first-order mterpretatlon of the spectra was checked and retied by 
calculation of theoretical spectra, usmg the spin-simulation program SIMEQ’ In 
these cahzulations, the vlcmal couphng constants were taken as positive and the 
gemmal couplmgs as negative In an iterative, mteractive procedure, the caIculated 
spectrum was refined unti a good agreement was obtained with the observed 
spectrum The sub-spectra of the monosac-chamde units of the dl- and tri-saccharides 
were simulated separately For the final retiements, the sub-spectra were added and 
plotted together. In thus way, several obscured s~g-nals were traced and a more- 
detiled mterpretation was aclueved 

The D-fructose monosaccharzdes (14) - The mlhal p m r parameters, which 
were reachiy obtamed from a simple, &St-order, sub-spectral analysis, were refined by 
Iterative spectrum snnulations m which the proton system was treated as a seven-spm 
system ABCIXFG @I-l, 1’,3,4,5,6,6’) 
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The sucrose derzvatzve 5. - Usmg the spacmg of the doublet of H-l, the quartet 
at 6 3 37 was assrgned to H-2 of the D-glucopyranose (Glcp) residue On the basis of 
the spacings, the trrplet at 6 3 55 was assrgned to H-4. The doublet at 6 4.28 and the 
triplet at 6 4 00 were assigned to H’-3 and H’-4, respectwely, of the D-fiuctofuranose 
(Fruj) resrdue The remammg multrplet (6 3 7-3 9) consisted of the trrplet of H-3 and 
the signals of H-6, H-6’, and H-5 of both umts A fairly good agreement between the 
observed and calculated spectrum was obtained when the following values were used 
J s s 2 4Hz, Jss6# 1 8 Hz, and J6,6n - 11 2 Hz (derrved from the data for TMS-a- 
D-Glcp and TMS-cc,c&.rehalose’) Because of the small difference m chemical shrft 
between H-5 and H-6, J5,6 could not be determmed very accurately 

The I-kestose derzvarzve 6 - The mterpretahon of the spectrum of 6 was 
greatly facilitated by comparison with the spectrum of 5 The signals at 6 5 33, 3 36, 
and 3 59 were assigned to H-l, H-2, and H-4, respectrvely, of the Glcp residue The 
two doublets and two trrplets (6 4 04 4) were attrrbuted to H-3 and H-4 of the Fruf 
residues As ~111 be discussed later, the assrgnment of these signals to H’-3 or H”-3 and 
to H’-4 or H”-4 was possible on the basis of calculated drhedral angles between H-3, 
H-4, and H-5 of each unit A specrfic assignment of the two AB patterns, ansmg from 
the C-l protons of the Frufresldues, to H’-1 and H’-1’ or to H”-1 and H”-1’ was not 
possible The IO-proton multrplet at 6 3 7-3 9 includes a triplet for H-3 and the 
signals for H-6, H-6’, and H-5 of the three monomer residues Ths muluplet could 
not be analysed further, nevertheless the posmons of the H-5 signals could be traced 
wrthm 0 02 p p m by accurate slmulatron of the relative mtensmes of the outer peaks 
of the tnplets for H-4 In these sxmulatrons, the proton systems were treated as 
ABCDE systems (H-l, 2,3,4, and 5 of the Glcp residue and H-l, 1’, 3,4, and 5 of the 
Frufresldues) 

The melezztose derzvatzve 7 - The doublets of the anomenc protons of the 
Glcp rexdues were centred at 6 5 52 and 5 01 and the quartets of the H-2 protons 
at 6 3 43 and 3 39 The pattern at 6 3 6 conslsted of a quartet and a 2-proton multtplet, 
which were assigned to H-4 of one Glcp resrdue and to H-3 and H-4 of the other 
Glcp residue, respecuvely Tins assignment was confirmed by spectrum slmulatron 
Takmg a tierence m chemical shrft of H-3 and H-4 of 3 Hz and J3,4 9 0 Hz, a 
correct srmulatron of the muluplet was obtamed and the hnes of the H-2 quartet were 
broadened as m the observed spectrum (Frg 2a and 5) 

The two quartets at 6 3 92 and 3.73 showed the same spacmgs (2 5, 1.8, and 
11 2 Hz) as observed for H-6 and H-6’ of the Glcp residue of 5 Also, tbe quartets at 
6 3 95 and 3 76 (2 2, 2 0, and 11.8 Hz) were rdentrfied as C-6 protons of a Glcp 
resrdue By accurate srmulatron of the relatrve mtenaues of these quartets, the 
positions of the H-5 signals could be determmed As the signals of these protons are 
largely obscured, the data for H-l up to and mcludmg H-4 can be interchanged 
between both Glcp resrdues independently from H-6 and H-6’ 

The iemammg signals m the spectrum were attrrbuted to the Frufresrdue the 
doublets at 6 3 93 and 3.46 to H’-1 and H’-1’, the doublet at 6 4 27 and the trrplet at 
6 4 20 to H’-3 and H’-4, respectively The multrplet at 6 3 85 was asslgned to H’-6 
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Fig 2 300-MHz p m r spectrum of the non-anomenc protons of TMS-melezltose Q, 0 observed 
spectrum, b calculated spectrum 

and H’-6’. The magmtudes of the vlcmal couphng constants J5,6 and Js,s. were 

obtamed by spectrum slmulatlon, Jk,6P could not be determmed because of the small 

cbfference m chemical slnft between H’-6 and H’-6’ 
The combmation of the theoretlcal spectra of the three monomer umts 

(Fig 2b) resembles closely the observed spectrum of 7 (Fig 24 However, the com- 
plex pattern at 6 3 7-3 8, which mcludes the three multlplets for the H-5 protons, 
could not be reproduced exactly 

The structure of the$mtopyranose rzngs zn 1 and 2 - The type of rmg confor- 

mation m 1 and 2 was determmed by comparison of the observed couplmg constal;ts 

J3 49 J4.5, J5 6, and J5 6q with those calculated* from the dihedral angles between the 

*For tie calculation of couphng constants from dihedral angles and for the reversed procedure, the 
followmg, modified Karplus relation’ IS used 

JHH =(66-l Ocos ~+56cos21$)(1 - 1iI f,dX,), 

m whxh qS IS the dihedral angle between the protons in the fragment H-C-C’-H’, dXi =XR-XH 
represents the lfference III electronegatlvlty X between a substituent R and hydrogen, fi IS 0 15 when 
the dihedral angle @ between R and H m H-C-C-R is larger than 90”, and 0 OS when 0 IS smaller 
than 90” The followmg values for X, as determmed by the method of Cavanaugh and Dtiey”, were 
used X,21.XoTMs35,X~25.;YOCH~33r~r33,and;YOAs37 
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vlcmai rmg protons m fourteen ideal conformatrons [2 than (C), 6 boat (B), and 
6 skew-boat (S) conformatxons] Only the couphng constants of the ‘C,(D) confor- 
mation correspond to the observed data In any other conformation, at least one 
couphng constant deviates more than 3 5 Hz 

The gemmal couphng constants Js,6 m 1 and 2 also support the ‘C’,(D) 
conformation In TMS-aidohexopyranoses, J6 6P vanes between - 9 5 and - 12 Hz 
When the C-5-O-5 bond 1s trans-coplanar wth one of the gemmal protons H-6 or 
H-6’, values between - 11 and - 12 Hz are found, while trans-coplanarity mth O-6 
gxves nse to values between -9 5 and - 10 Hz The Js,6 values of 1 and 2 (- 11.6 
and - 11 8 Hz, respectively, Table II) pomt to trans-copIananty of the C-O bond of 
the CS-OTMS group with one of the C-6 protons This situation IS present III the 
‘C,(D) confor mation (Fig 1) 

TABLE IL 

COUPLING CONSTANTS (Hz) OF ~~~~AND~~HYLE~PROTONSOF THETMS-D-FRUCTOSE 

DEFWATIVES (14), TMS-SUCROSEQ,TMS-I-KESTOSE(~), ANDTMS-~IELEZITOSE (7) FOR 

SOLUTIONSIN ACETONE-de 

com- Conjiguratron J1 1 J1 + 52 3 J3 4 J-t 5 Js 6 J< 6 Js 6 
pound 

a-D&up -102 88 28 34 16 -11 6 
&~-Frup -105 94 29 21 12 -1118 
,T-D-FN~ 0 5s 55 52 42 -110 

Me&D-Fruf -109 75 75 44 32 -112 

z-D-Gkp- 33 92 87 96 -24 18 --II 2 
-(1+2)-/3-D-Fruf -114 81 81 75 26 -110 
a-D-Gkp- 33 92 90 90 o a a 
-(l-+2)-j-D-Fruf- -98 79 82 a = a 
-(I-t2)+?-~-Fruf* -110 72 70 = a a 
a-D-Gkp- 34 94 86 90 25 18 -112 
-(l-+2)-/_%D-Fruf- -112 89 86 7018 u 
-(kl)-a-D-Gkpc 41 90 86 86 22 20 -11 8 

“Not detected *J1 1 can be Interchanged between both Fruf residues The data for the senes J1 2 
up to and mcludmg J4 5 can be interchanged between both Glcp residues, independently of J5 6, 
J5 6 , and x6 6 

Calculation of the dlhedrai angles between the rmg protons from the observed 
couphng constants reveals that anomerlc change does not affect the structure of the 
rmg (Table III) The calculated dihedral angles for 1 and 2 do not differ egmficantiy 
from the correspondmg values m TMS-aidohexopyranosesl (for 1,2-dlaxlal protons, 
143 to 156”, for 1,Zdlequatonal or 1,2-axlal-equatonai protons, 49 to 72”) There- 
fore, the devlatlons from the ideal chair conformation_m 1 and 2 are of the same 
magmtude as m TMS-aidohexopyranoses 

The structure of the D-glucopyranose restdues m the ohgosaccharldes 5, 6, and 7 
- The caicuiated dihedral angles between the rmg protons of the Glcp residues m the 
ohgosaccharldes 5, 6, and 7 and the mole fractions (n) of the three most Impor- 
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TABLE III 

CALCULATED DIHEDRALANGLES dHH FORTMSU-AND-&D-FRU~[(~)AND (2)] 

Compound h 4 

(degrees] 

44 5 t 56 k 6 

1 TMS-aa-Frup 153 53 50 64 

2 TMS-$-D-k4.J 158 53 62 70 

tant’ ’ I2 rotamers I, 2, and 3 (Fig 3) of the C-5-CH20TMS groups of these residues 

are given m Table N The mole fractrons are denved from the observed1 couplmg 
constants .T5,e and J5,eP (Table It) For companson, the data of TMS-LY-D-Gkp, 
wluch exists m the 4CI(~) couformauon, are included m Table IV a-M%.. retams 
thrs conformation when it forms part of the TMS-ohgosaccharldes 5, 6, and 7 

Table IV shows that the deformations of the pyranord rmgs are slmdar to those m 
TMS-a-D-Gkp. In all Glcp residues, rotamer 3 of the C-5-CHsOTMS group IS 
strongly preferred. Thrs preference IS greater in the ohgosacchandes 5 and 7 than m 
TMS-a-D-Glc., at the expense of rotamer 2 This conformatronal shaft IS probably 
due to the large Fruf residues at C-l m 5 and 7 

Fig 3 The three staggered rotamers I, 2, and 3 of the C-5-CH.OTMS group m TMS-aIdohexo- 
pyranoses and TMS-fiuctofuranoses 

TABLE IV 

CALCULAnD DIHEDRAL ANGLES &m (COLUMN&AND MOLE FRACTIONS (II)OFTHE 

ROTAMERSI, 2,AND3 OFTHE c-5-c-6 FRAGMENTS(COLUMN~)OFTHEGLCpMOlETIES IN SOhlE 

TMS-OLIGOSACCHARIDESANDOFTMS-CC-D-GLC~ 

Compound A B 

4 12 412 3 4 34 4 45 n1 n2 n3 

TMS-sucrose (5) 49 156 152 158 002 008 090 
TMS-l-kestose (6) 49 1.56 154 153 a = n 

TMS-meIentose (7) 48 158 151 153 0 02 008 090 
42 154 151 151 004 0 06 090 

TMS-U-D-GIcJP 50 154 151 156 000 023 0 77 

aNot determmed Js 6 and J5 6 not observed *Ref 1 

The structure of the fructofuranose reszdues ~3-7 - For the determination of 
the structure of the Fruf rmgs m compounds 3-7, the dxhedral angles 43,4 and 44,5 
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(Table VA) were calculated from the observed couphng constants J3,4 and J4,5 
(Table II) by usmg the modtied Karplus relation The Ideal tiedral angles &a and 

4. of the 20 possxb!e tTVlst (T) and envelope (E) conformatlons, with maximal 
piciermg, were estimated from Dreldmg molecular models (Table VI) Comparison 
of Tables VA and VI shows that, wlthout ad&tional Information, the structure of the 
Frufrmgs of 3-6 cannot be described by a sample sef of Ideal conformatlons For 

TMS-melezltose (7), the magmtudes of 43,4 and q54,5, m combmatlon mth thex 
difference (q54 5 > & J, pomt to the Involvement of only the “E(D) envelope and 
its twist conformations This conclusion IS supported by the consideration that, 

TABLE V 

CALCULATED DIHEDRAL ANGLES 4 3 4 AND & 5 OF THE fl-D-FRUf RINGS OF THE 

TMS-SACCHARIDES@-~)ANDSOMEPERACFTYLANALOGUES 

A TMS derrmtrve 4 4 J4.5 43 4 44 5 

/?-D-Fruf (3) 55 55 135 139 
Me /?a-Fruf (4) 75 75 149 156 

Sucrose (5) 81 81 154 162 

I-Kestose (6) nng A 79 82 153 163 
nng B 72 70 147 151 

Melentose (7) 89 86 161 169 

B Acetyl derwatm?’ 

Sucrose 
I-Kestose 

55 50 136 136 
nng A 78 69 153 151 
rmg B 60 62 140 145 

'Xouplmgconstants wereobtamedfrom Ref 8 

TABLE VI 

DIHEDRALANGLES 4"~ FORDIFFERENTIDEAL CONFORMATIOUS” OFTHEBD-FRUfRINGWITH 

hlAXlWAL PUCKERIhG 

Confornrarron 4 34 44 5 Conformarron $3 4 $4 5 

ZE 150 

2T3 170 

~73 170 

4T3 180 
-+E 170 

4T, 170 

E5 150 

OT5 140 
OE 120 

OT2 100 

120 
140 
150 
170 
170 
180 
170 
170 
150 
140 

EZ 90 120 

3T2 90 100 
jE 70 90 

94 60 90 

E4 70 70 

9-4 90 60 
SE 90 70 

‘To 100 90 

EO 120 90 
‘To 140 100 

“For nomenclature of conformations, see Ref 13 
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m both conformatrons, the large substrtuents at C-3, C-4, and C-5 are or-rented 
equatonal or pseudo-equator& . 7*8 Furthermore, the pseudo-axial onentatron of the 
C-2-O-2 bond is favoured by the anomerrc effect7*’ 

The calculated angles Cp3 _+ and G4 5 of the Frufrmgs m 5 and 6 are smaller 
than m 7; a further decrease of the angles IS observed m 4 For each compound, 

4 45 IS larger than & 4_ It IS reasonable to assume that the gradual decrease of the 
angIes reflects a greater conformatronal freedom obtamed by the successrve replace- 
ment of a glycosyl restdue by an OTMS group Consequently, for the structure of the 
furanord z-mgs m 4-6, m comparison to that of 7, contnbutrons of conformatrons 
close to “E(D) and 4T5(D) have to be consrdered, as well as a decrease of the trme- 
averaged degree of puckermg m the 4E(~) and 4T5(~) conformatrons It seems 
unhkely that the substrtutron of a bulky OTMS group for a gIycosy1 resrdue ~111 
greatly facrhtate the mterconversron of conformatrons Hence, on the average, less 
puckering of the rmg IS more probable Thrs assumptron IS m lme wxth the calcuiated 
conformatronal preferences of the C-5-CH20TMS group of the Fruf resrdues 
Calculations of the mole fractrons n (Table VII) of the rotamers I, 2, and 3 (Fig 3) of 
thus group show that the amount of rotamer I Increases m the senes 7, 5, 4, and 3 
Thus demonstrates a decreasmg mfluence of the 1,3-parallel mteractron between 
4-OTMS and 6-OTMS The latter effect may arrse from a less-equatonal positron of 
4-OTMS, mdrcatmg a drmmrshed, trme-averaged puckermg of the rmg 

TABLE VII 

C4LCULATED MOLE FRACTIONS (n) OF THE ROTAMERS 1, 2, AND 3 OF THE c-5-c-6 FRAGhlENT OF 

THETMS-FRUCTOSEDERIVATIVES~AND~ ANDTHEJ%D-FRU~RESIDUESIN~AND~ 

This-denuntrue nl n2 n3 

.i-D-Fruf (3) 025 037 038 

Me B-D-Fruf (4) 0 16 0 29 0 55 
Sucrose (5) 008 0 62 0 30 
Melezltose (7) 000 0 57 0 43 

The Frufrmgs of TMS-I-kestose (6) can be Identrfied as follows The terminal 
Fruf resrdue m I-kestose IS attached to the other Fruf tra a methylene brrdge and 
therefore resembles methyl B-D-fructofuranosrde The angles (p3,4 and 44,5 of rmg B 
agree Indeed wrth those of methyl TMS-B-D-fructofuranosrde (4) Hence, rmg B IS 
assrgned to the termmal F&and rmg A IS the Frufattached to D-glucose The angles 
of rmg A are equal to those m TMS-sucrose (5), and so 1t.s structure IS not mfluenced 
by the termmal Fruf. 

The values of &,4 and $4,5 observed for TMS-P-D-Fruf(3) devrate strongly 
from those found for the methyl glycosrde 4. The replacement of an OMe group at C-2 
by an OTMS group has a profound influence on the structure of the rmg The most 
probable explanation is that the greater equatorml dtrectmg effect of the OTMS 
group results in a flattening of the ring 
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From literature data8, the dihedral angles of the Frufrmgs m the peracetates 
of sucrose and I-kestose were calculated (Table VB) In all cases, qb3,4 IS nearly 

equal to fib.+ 5, mdlcatmg that, m contrast to the TMS-derivatives, the “E(D) con- 

formatlon IS favoured (cf- refs 7 and 8) However, the angles m the acetyl derlvatlves 
are smaller than m the correspondmg TMS-denvafives, reflecting a greater confor- 
matlonal freedom This 15 m agreement with the observation’ that OTMS groups 
hinder each other more than OAc groups 

DISCUSSION 

TMS-denvatives of ohgosaccharldes contammg D-glucose and D-fructose are 
suitable for conformational analysis by p m r spectroscopy, because the spectral 
parameters that give structural mformation can easily be obtamed The characteristic 
patterns of H-3 and H-4 of the Frufrmgs are well separated from the agnals of the 
remammg non-anomenc protons and the same holds for H-l and H-2 (and sometlmes 
for H-4) of the Glcp residues Consequently, the correspondmg couplmg constants 
can be determmed accurately In per-CLaeetyl denvatives8, these protons resonate 
wlthm the range of the remaining protons, which hampers the elucldatlon of the 
structure 

For the mterpretatlon of couplrng constants m terms of conformatIon of the 
Fruf ring, as reported m the literature’ ‘, additional stereochemlcal evidence IS 
mdlspensable However, the structure of the Frufrmg m TMS-melezltose (7) could 
be derived unambiguously from the couplmg constants only This pernutted the use 
of stereochemxal factors, like the anomerx effect and the Interactions between 
substituents, as independent data to derive the structure of the Fruf rmg m compounds 
related to TMS-melezltose (7) Startmg from the couphng constants of 7, a systematic 
decrease of .J3,4 and J4,5 IS observed when glycosyl groups are replaced by OTMS 
groups or OTMS groups by OAc groups This finding led to the conclusion that the 
Frufrmgs m these compounds have the same basic structure and that the freedom to 
adopt nelghbourmg forms 1s greater when smaller substltuents are attached to the 
rmg The decrease m rrgxhty of the rmg can be conceived as a rapld mterconverslon of 
envelope and turlst conformations close to the 4E(~) and 4T5(~) and/or an Increase 
of the participation of less-puckered forms of the 4E(~) and 4T5(~) conformatlons 
The calculated, conformational preferences of the C-5 substltuents favour the last 
posslblhty 

EXPERIMENTAL 

D-Fructose, raffinose, meleutose, and sucrose were obtamed commercclally. 
1-Kestose was supphed by Professor W Karl Methyl /3-D-fructofuranosxie was 
synthesized according to Horvath et al 14. 

G 1 c was performed on an F and M Gas Chromatograph Model 700, equipped 
with a dual flame-1omzatIon detector and coiled stamless-steel columns (2 70 m x 
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3 2 mm) contaming 3% OV-17 on Chromosorb W(HP), 80-100 mesh, at 150’ for 
monosaccharxdes, at 228” for the disaccharide, and at 270” for tnsaccharldes, mtrogen 
was used as carrier gas 

Per-0-lnmerhylsllyl denvatzves. - For the preparation of compounds l-3, 
D-fructose was anomenzed m dry pyridme at 80” for 2 h and subsequently treated3 
at 80” with hexamethyldlsdazane and chlorotimethylsdane The separation of the 
anomers was achieved by preparative t 1 c , usmg S&a Gel G (Merck) and dry 
benzene1 5. After spraymg with 1% morme m methanol, the zones were detected under 

u v. hght and extracted with chloroform For the ldenttication of these compounds, 
usewasmadeofglc-ms I6 Compounds 4-7 were obtamed lrectly by sxlylation of 
the correspondmg free saccharides,,“› their punty was tested by g 1 c 

P m r. spectroscopy. - This was performed on a Vanan HR-220 spectrometer 
(TN0 Central LaboratorIes, Delft, The Netherlands) or a Varlan HA-300 spectro- 
meter (Laboratory of N-m r spectroscopy, Ghent, Be&urn) at a probe temperature 
of -25” Spectra of the pure TMS-denvaoves were recorded for 2-6% (mono- 
saccharides)))› 6% (dlsacchande), or 15% (w/v) (tnsacchandes) solutions m acetone-& 
Spectrum simulations were run on a 16 k Vanan 620 I computer coupled with a 
Varlan XL-100 FT spectrometer, usmg a modified and extended SIMEQ’ spm- 
simulation programme ChemlcaI shifts are sven relative to tetramethylsdane 
(mdlrect to acetone-d, B205ppm) with an accuracy of -0OOSppm The 
accuracy of the couphng constants IS -0 1 Hz 
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