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ABSTRACT 

Stereochemical propertIcs of the giycosldlc llnhagc have been studled by tht 

quantum-chemical PCILO method, using 2-mcthoxytetrahydropyran as ‘1 model- 

Cdlculat~ons of the wo-drmensronal, conformatIonal (d, V) maps showed that the 

rotation around the C-1-0-1 bond IS more hmdered than thn~ around the O-I-C-G 

bond, and that there are differences m the shape of the e, ‘-rgy curve for rhe awd and z 
equntorlal forms of 2-methoxytetrahydropyran TEe observed population of tlae fi\e 

stable conformers at eqwhbrlum (GG _GT TG, TG, TT= 70s GO 199 20 13) 

IS corwstent wth the predIctIon of the anomerlc and exo-anomenc effects The 
calculated abundance (76 8%) of the anal form of 2-methoxytetrahydropyran IS 

colliparable wth e ,perrmental results (774X! “A,) obtamed by n_m r measurements $11 

nQn-polar solvents The energies found for mdrwdual conformers made It possible 

to c I!culate the magmtude of the anomerlc effect (3 kJ/mol) and to determine, for 
the first time, ihe la1ues of the exe-anomerlc effect for axial. (6 kJ/mol) and equatorral 

2-methoxytetrah!/ar3pyran (7 kJ/mol) The cllculnted varratlon5 o? the geometry 

arlsmg from rotatlo’i around the C-I-O-1 bond arc consistent wtn results o’btamcd 

by statIstica an cips of experImenta data for 7- .md P-glycosIdes The results 
obtained, mdrcatmg that the clrergy, geometry, and electromc structure of glycosldes 

are largely aKcc& oy the conformatlon of the acctal segment, are dwussed from the 

point of ~12~s of conformat~ondl analysis of ohgo- and poiy-sac&d1 id--s 

INTROOUC l-ION 

The glycosldlc Imkage conslsts of a molecular segment where two electlo- 

negatl\e atoms oearmg lone pan-s of electlons are lmked to the a?omenc carbon 

atom The eiectrowz structure In the wclmty of this ‘LI range,--ent affecr’; marhcdly the 

geometry and conformation of a molecule, the overall consequences bemg termed 

*Theoretrcal Studres on rhe ConformatIon of Saccharides, Part II For Part I, see rcf 7 
tTo whom correspondence should be addressed 
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F:g 1 The dlfferences between the anomenc and ego-anomenc effects, evemphfied with the con- 
formers of 2-methoxytetrahydropyran 

anomerlc and exo-anomenc effects’ ’ Although the physlcal basis of the anomerlc 
and exo-anomenc effects IS the same, each affects a different portlon of the acetal 

segment, so that two terms have been Introduced to describe the same general 
phenomenon The anomerlc effect IS related to the preference of the axial orlentatlon 
of the aglycon group In pyranosldes, r e , the preference of a synchnal arrangement 
around the C-l-O-5 bond m the C-5-0-5-C-l-O-l segment The exo-anomenc 
effect IS related to the preference of the aglycon carbon atom for a posItIon close to 

the synchnal orlentatlon towards the rmg oxygen and anomerlc carbon m the 0-S 
C-l-O-l-C-X segment The two effects are Illustrated m Fig 1, which shows the SIX 
possible conformatlons of 2-methoxytetrahydropyran Obviously, the most important 
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outcome of the exo-anomenc effect IS concerned with the relatrve stabrhty of mutual 

orrentatrons of nerghbourm, = saccharrde umts m ohgo- and poly-saccharrdes In thus 

case, the conformatronal Importance of the exo-anomerrc effect surpasses that of 
the anomerrc effect 

Recently, anomeric and exo-anomenc effects have been extensrvely studred, 
both theoretically and e\perunentally Theoretrcal, quantum-chemrcal studres3-6 of 

drmethoxymethane, an acychc model for the acetal segment, demonstrate correctly 
the preference of the synclmal over the antrperrplanar orrentatron, and show the 
changes In the bondmg angles as well as bond lengths Nevertheless, from the pomt 
of vrew of the behavrour of glycosrdrc structures, there are shortcommgs in acyclrc 
molecules, the conformatronal surface 1s largely symmetrrcal and thus does not allow 

drfferenhatron between the magmtude of the anomerrc and exo-anomenc effects, 01 
between the stabrhty of the two synclmal orrentatrons resultmg from the rnteractrons 
wrth the pyranord rmg and Its substrtuents 

Our prevrous work’ was devoted to studres of the conformatronal flexrbrluy 
of the pyranord rmg, m whrch the semr-emprrrcal, quantum-chemrcal PCILO method 

was applred to 2-methoxytetrahydropyrdn as a model substance The results showed 
that, m agreement wrth the anomerrc and exo-anomenc effects, the most stable 
orrentatrons are axial and syncltnal for the methoxyl and methyl groups, respectrvely 
Also, the results mdrcated that there IS a relatron between the geometrrcal parameters 
and the conformatron of the acetal segment We now report on the conformatronal 
propertres of the glycosrdrc lmkage and consider (a) the effect of the geometry adopted 
on the potentral of rotatron around the glycosrdrc lmkage and the mutual stabrlrty 
of the conformers, and (h) the changes of the geometry of a pyranord ring and of the 

acetal segment as a result of the changed conformatron of the acetal segment 

THE hlODEL AND THE APPLIED ~I~‘IOD 

Conformatronal propertres of the glycosrdrc Imhage have been studred by USIII~ 

2-methoxytetrahydropyran ds rl model, for numbermg of the atoms md the desyu- 
tlon of drhedral angles, see Fig 1 A detatied descrrptron of the nomenclature has 
been pubhshed’ The rotatron around the giycosrdrc hnknge IS grven by the angles 
@ and Y, and the angle 0 determmes the orrentatlon of the methoxyl group The 

desrgnatron of stable conformers IS based on the conformatron of the acetal segment 
(Fig 1) and IS grven by the values of 0 and Q, The mdlvldual conformer energies 

were calculated by the PCILO method with standard parameters When calculating 
the two-dlmenslonal conform&on (@_‘I/) maps, constant geometry corresponding 
to the most stable conformation of the given anomer \\as used, I c , GG, and TG, 
fol axial and equatorial onenta_lons of the methoxyl group, respectlvcly In calcl l,t- 
trons mvolvmg optrmrsatron of the geometry, 21 geometrrcal parameters were 

optmused 
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RESULTS AND DISCUSSION 

Cottfortnntrotr ettetgy (@,‘P) tmps - Fogs 2 and 3 show the energies of 2- 
methoxyrerrahydropyran conformers havm, = axial and equatorial methoxyl groups 
(A-MTHP and E-MTHP, respectively) obtalned by rotation wlthm 10” around the 
C-1-0-1 and O-l-C-6 bonds, m the form of two-dlmenslonal contour, conformatlonal 

energy (@,Y’) maps As expected, the rotation around the O-l-C-6 bond IS less 
restrlcted as compared w&h that around the C-1-0-1 bond The conformatlon energy 
map m the dIrectIon of the Y’ co-ordmate may be dlvlded mto three equal parts, each 
mvolvmg a 1203 Interval The symmetry follows from the symmetry of the methyl 

group The most stable arrangement IS that mvolvmg a synclmal orlentatlon of the 
reference hydrogen atom The rotatton around the C-1-0-1 bond IS hmdered mainly 
by sterlc mteractlons of the methyl group wl,lth the methylene group of the pyranold 
rmg These mteractlons are more pronounced for A-MTHP, which IS manifested by 
different space reqmrements for this conformer, as compared with E-MTHP In the 
du-ectlon of the @ co-ordmate. the mam mlmmum for A-MTHP holds for the syn- 
chnal arrangement, correspondrn, a to GG, (further GG) conformer For E-MTHP, 

the mmlmum m rhe dIrectIon of the @ co-ordmate agam hes m the synclmal arrange- 
ment. and corresponds to the TG, conformer Surpl lslngly the two (Q,(U) conforma- 
rlonal maps mdlcate the existence of only one mmlmum in the dIrectIon of the @ 
co-ordmate, although the ez=.lstence of other mmmla, correspondmg to conformers 

Fig 3 The conformarlonal energy map for A-WI-HP (m hJ/mol) 
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Fig 3 The conformatIona energy map tor E-MTHP (in hJ/mol) 

shown m Fig 1, would also be expected In regions corresponding to the GT, TG, 
and TT conformers, only shght mdlcatlons of the existence of more stable arecls ‘trc 

vlslble and, m the region of the GG, conformer, a pronounced maylmum IS present 
(Frg 2) TINS problem IS dIscussed below 

Tile ejfect of the geometlJ selected on the em 3 g-1 of I otcitlon CII O~III~ the C-J-O-J 
bond - The fact that only shght rndxatlons of rnImrna for certain conformers were 
present on the (@,Y’) maps calculated with fiked GG and TG, geometry for A- 
MTHP and E-MTHP, respectively, led to a further study of the en‘ect of the geometry 

on the energy of 2-methoxytetrahydropyran conformers For the sahe of clarity and 
because of the symmetry m the dIrectIon of the ‘Y co-ordmate, only sectlons through 
(@,Y) maps for Y = 60” were calculated 

The pertinent results are Illustrated m Figs 4 and 5 The dashed hnes corre- 
spond to the energy of 2-methoxytetrahydropyran calculated with d fixed geometry 
In the most stable conformatron of Its lndlvldual forms The dot-dashed hnez, corre- 
spondmg to the fixed geometry of the GT and TT conformers, were calculated m ‘L 
slmllar manner The full hnes Illustrate the energy curve Involvmg the optImIsatIon 

of 21 geometrlcal parameters 7 for an Interval of @ = 10” Fogs 3 and 4 both show a 
pronounced dependence of the potential energy of the rot&Ion around the C-1-0-1 

bond on the selected geometry, I’ZZ , the madequacy of the use of constant geometry 
In studies of the conformatlon of molecules that contam dn acetal segment A com- 
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Fig 4 A bectlon through conformatIona energy maps (!I’ = 60”) for A-MTHP wth opttmtsed 
geometry (--- 1 and fixed geometry correspondmg to GG (-----) or GT ( - - ) conformers (m 
hJ/mol) 

parlson of the curves demonstrates that the use of constant geometry leads to an 

unreal shape of the energy curves, whereas the curves approach the region of “correct” 
(optlmrsed) energies only m the region of the mmlmum, correspondmg to the geometry 
used The barriers of transItIons among the mdlvldual conformers are excessrvely high 

An undesirable consequence of the use of constant geometry, correspondmg to 

certam of the stable conformatlons, IS the erroneous descrlptlon of the course of the 

energy In Its further mmlma It may sometlmes Iead to such a sltuatlon that some of 
the munma remam undisclosed Only when the geometry IS optlmlsed are the general 

features of the ener,gy profiles such as would be expected by analogy with the con- 

formatlon oropertles of acychc model compounds3_ The most stable conformatlon of 

dlmethoxymethane IS the twice-degenerate one, G,G,(G2G2) The next mmlmum 

(3 37 kJ/moI higher) IS the four-times degenerate G,T (TG,, G,T, TG,) conforma- 

tlon The last muumum IS the TT conformatlon, which has an energy 13 69 kJ/mol 
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Fig 5 A sectlon through conformatlonal energy maps (U = 60”) for E-ivlTHP with optlmlsed 
geometry (- ) and fixed geometry correspondmg to TGI (-----) or TT ( - -) conformers (m 
kJ/mol) 

above the absolute mmlmum In comparison with dlmethoxymethane. the rmg 
structure of 2-methoxytetrahydropyran results m a lower symmetry of the conforma- 
tlon surface, and the lndlvldual conformers therefore differ In their energy For 

A-MTHP, the lowest mmlmum appeared at 63” (GG) and the next (GT), with 
-6 2 kJ/mol higher energy, at 152 2” In the range of the third, expected GG, mml- 
mum between -150” and 20”, there IS a broad maxlmum caused by sterlc mter- 

actlons of the methyl group and the rmg wth Its substltuents For E-MTHP. 
there are three mu-uma, correspondm g to three different, echpsed arrangements 
around the glycosldlc hnkage EnergetIcally most favoured IS the TG, conformer, 
havmg 3 1 kJ/mol higher energy than the GG conformer of A-MTHP The TG, 
and TT conformers are 5 7 and 6 8 kJ/mol, respecnvely, higher than the TG, con- 

former The maximum at - - 120° IS caused by mteractlons of the methyl group and 
H-2 and H-3 Based on the energies calculated for the mdwdual conformers, the 
equlhbrmm dlstrlbutlon GG GT TG, TG2 TT = 70 8 6 0 19 9 2 0 1 3 has been 
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calculated It shows that the equlhbrlum A-MTHP E-MTHP = 76 S 23 2 1s shifted 
m favour of A-MTHP. which IS m agreement with data for non-polar solvents 

(of -77-SOYA for A-MTHP’ ’ I’) 

Corrphg of the 2-metho xJ tetwir id 0pJ 1 cur stl IIC trot e n Ith the gl_) cosidc tot 5ionnl 

angle - A difference of bonding parameters for Y- and P-pyranosrdes has been 

observed TheoretIcal calculations for acyclic models follow these trends as a function 

of the change of the conformation. and explain the differences as resultmg from the 
delocahsatlon of free electron-pairs at the oxygen atom’ 6 ” However, the acychc 
models do not allow determmatlon of the effect of rotation around the glycostdlc 
linkage (charactensed by angle @) on the shape of the pyranold ring, and of the ring 
on the structure of the glycos1d.c l&age The high degree of dependence of the 

rotation energy on the chosen geometry Indicates changes in the structure of both 
forms of Zmethoxytetrahydropyran, depending upon the orlentatlon of the methyl 

group Table I shows selected geometrIca parameters for the five most-stable con- 

formations of Zmethouytetrahydropyran The Cremer-Pople parameters (Q, 02,cpz) 

show changes of rmg puckerin g depending upon the change m conformatlon of the 
acetal segment The larger tpz values calculated for E-MTHP conformations agree 

wth e<oenment?l data extracted from X-ray analysis and neutron diffraction stud- 

iesi3 The bond lengths follow quahtatwely the e\permlentally found changes 

The dlffelences however, are not as pronounced as for the experImenta values 
Similar results for bond lengths calculated by the PCILO method have been observed7_ 

and they can probably be accounted for by the approxu-natlons Involved m the 
PClLO method 

TABLE I 

CALCULATED RELATIVE IZUERGI VAL~JCS (_lE,) AhD 3ELECTLD GEOMCTRICAL PARAMETERS OF THE hlOST 

STABLC COUFORhlCRS OF &XII THOX\-Wl’RAH\ DROPYRA’: 

4-M THP 

CC GT 

E-MTHP 

TGL 
-- 

TGz TT 

-IE, (hJ/moI) 00 

0 (deg 1 66 0 
cl (deg ) 63 0 
~@QT) 600 
Q (pm) 57 4 
QZ (deg ) 36 
~2 (deg ) 201 8 
r(C-1 O-l) (pm) 139 4 
r(C-l-0-5) (pm) 139 9 
a(l) (deg ) 1105 

‘~(6) (deg ) 1119 

B (deg 1 10s 8 
f-(0-I-HO-q (pm} 3a 1 
r(O-l-HO-3) (pm) 390 7 
r[O-1-HO-6) (pm) 377 4 

61 31 88 99 
66 3 - .17s 5 1742 179 1 

151 2 5s 2 -444 159 5 
600 600 600 600 
57 6 57 1 57 6 57 1 
26 44 39 44 

1996 20s 3 197 7 208 5 
1397 1392 1394 1394 
1399 1400 1400 139 8 
106 4 106 6 107 2 102 3 
1114 112 4 1119 112 7 
108 G 108 5 I09 5 10s 9 
416 4 SII I 514 3 5164 
394 5 452 4 45s 0 456 9 
368 9 428 2 429 2 421 8 
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Fig 6 ConformatIonal dependence of bond angles u a(l), 6, a(6), and c, j3, for the rotation about 
the C-1-0-1 bond In A-MTHP Broken lmes correspond to mean values of angle @ for different 
types of glycosldesl” 

An analysis of geometrlcal parameters durmg rotation about the C-1-0-1 
bond reveals that the most pronounced changes are m the bond angles of the acetal 
segment [cc(l), z(6), and /‘J-j Figs 6 and 7 show these changes for A-MTHP and 
E-MTHP The conformatlonal dependence of these angles results from severJ 

effects The most important are the relaxation of the geometry to mmlmlse non- 

bonded interactions, and delocahzatlon of a free electron-pair of the oxygen atom 

The former factor manifests Itself mainly in the region of energetlcally unfavourdble 
conformations mvolvmg strong, sterlc mteractlons of the methyl group with nng 

atoms and substltuents (@ - - 120 to - 150”) The unfavourable mteractlons be- 

come less pronounced at the expense of alterations of some inner geometrical para- 

meters The loss of energy needed to cause this change IS overcome by the gam 

resultmg from the ehmmation of sterlc repulsions by separation of the mteractmg 

groups Smce the valence angles are ‘-saftec” pacamek~s than bDI3cf lengths, I$ ES 
to be expected that the changes would affect most markedly only the valence angles, 

and mainly the glycosldlc angle which IS independent of the ring-closure condltlons 
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Fig 7 ConformatIonal dependence of bond angles a, a(l), b, a(6), and c, ~9. for the rotatton about 
the C-1-0-1 bond m E-MTHP Brohen hnes correspond to mean values of angle CD for different 
types of glycostdesl-’ 

with respect to other parameters m the rmg It follows l2 from studies of the torsional 
dependence of orbital interactions ID dimethoxymethane that, by vutue of through- 
bond mteractions of free electron-pans, each rotation from the antiperiplanar position 
around the C-O bond results m an Increase of the O-C-O angle These factors are 
clearly reflected In the course of the torsional dependence of bonding angle CL. (Fogs 6 
and 7) For the purpose of comparison with experimental data from statistical analysis 
of available crystallographic data for methyl glycosides and for ohgo- and poly-sacchar- 
ides contammg different types (l-+X) of glycosidic linkage14, the mean values of 
angle @ are shown in Ftgs 6 and 7 as a dashed lure These values make it posstble to 
compare the alterations of valence angles calculated for 2-methoxytetrahydropyran 
with those of the mean, angle values for dtfferent types of glycosrdic lmkage In spite 
of the evident effect of chemical structure and the strengths of the crystal field, the 
changes, compared wtth the sttuation m 2_methoxytetrahydropyran, are qualrtatrvely 
correct For example, of the values for glycosidic angles calculated accordmg to 
experimental, mean, angle values for /I-glycosrdes, the smallest value is observed for 
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TABLE 11 

CALCULATED, NET ATOWC CHARGES” AND DIPOLE MOMENTS Ol- THt hICKI- Sl-ABLE CO'.FORBltRS OF 

ZMETHOX~TETRAHYDROP~RAN 

QE-1) 
QG2) 
QC-3) 
Q(c-4) 
Q(C-5) 
Q(C-6) 
QP1) 
Q05, 
QW-1) 
P CD)* 
C'ch 03 

PSP (D) 

&UTHP 

GG 

291 8 
-210 

450 
04 

1600 
1006 

-170 5 
-194 2 
-780 

0 284 
0 369 
0 175 

CT 

294 0 
-30 8 

447 
06 

1600 
97 8 

-171 3 
-1814 
-754 

2 169 
0 631 
1 619 

E-MTHP 

TGL TGZ? TT 
--------_----_- - - 

299 9 293 8 299 0 
-2.5 3 -34 5 -35 2 

409 42 6 43 4 

01 -06 -06 
1565 1.56 5 1547 
102 6 1046 95 3 

-160 1 -169 1 -15542 

-187 5 -1869 -168 3 
-965 -769 -949 

2 134 2 360 3 181 
0 385 0 746 0 666 
2031 1 749 2 715 

“Q(i), II-I 10-k “1D = 3 33 x 1O-J” mAs 

methyl derrvatrves, a larger one for (l-+4)-lurked ohgosaccharrdes, and the greatest 
for (I +3)-lmked ohgosaccharrdes Thts fully agrees with the order found experr- 
mentally For a-glycosrdes, the theoretrcally predicted, glycosrdrc angle mcreases m 

the order (l-l), (1+6), methyl, (1+3), (l-+2), and (1+4), which IS very close to 

the order found experrmentally (l-+6), methyl, (I--+ I), (I +3), (I +2), and (l-4) 

(Figs. 6 and 7) The same quahtatrve agreement 1s observed for the dependence of 
angles r*(l) and ~(6) upon @ 

An important parameter m the conformatronal analysis and X-ray structure- 

determmatron of polysaccharrdes IS the so-called vrrtual-bond length It IS also an 

index of the cumulattve effect of changes tn the geometrrcal parameters of the mono- 

meric units of polysaccharrdes For 2-methoxytetrahydropyran, the parameter 

analogous to the vrrtual-bond length ~111 be taken as the dtstance between O-l and 

the hydrogen atom at the posrtron of the assumed glycosrdrc hnkage Values for three 

such drstances are given m Table I The dtfferent values of these drstances mdtcate that 

the size and shape of the residues change with the change m the shape of the poly- 
saccharrde chain, which IS determmed ma&y by angles Cp and Y These results support 

French’s opnnon15, based on sing le-crystal studies of various polymorphs of amylose, 
that the size of a-D-glucopyranose varies from 410 to 480 pm and that the whole set 

of known geometrical resrdues should therefore be used m structural studres 

Conformatronal dependence of mtramolecular mteractrons and geometrrcal 

parameters IS mantfested also m calculattons of electronic structures resultmg from 
the change of conformatton of the glycosrdrc linkage Table IT shows changes m 

charge drstrrbutton of selected atoms, and changes of the dipole moment together 

w&h Its components for the five most-stable conformers of 2-methoxytetrahydropyran. 
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Although a certain dependence of net-charse values for the mdividual atoms on 
conformatlon can be observed, the most pronounced varlatlon of electromc structure 
can be seen m the change of the dlpole moment The smallest dipole moment IS 

exhibIted by the GG conformer (0 284 D. 1 D = 3 33 x 10m3’ mAs) and the highest 
one by the TT conformer (3 IS1 D) The mean value of the dipole moment (1 23 D) 
calculated by applying PCILO energies and dipole moments of the mdividual con- 

formers is m a very r good agreement with the evperlmental value (1 21 D) found” 
m CCI, The changes m dipole moment as a function of conformation dre very 
Important from the point of view of conformatlonal equlhbrla in solution con- 
formers sho\\mg higher dipole momenEs are stabihsed in more polar solvents A 
comparison of dipole moment components shows that while the charge component, 
il,,,_ varies onIy shghtly (from 0 37 to 0 75 D), the hybrldlsatlon dipoles, !lsp, depend 
largely upon conformation (0 1%2 72 D) The value and the conformatlonal de- 
pendence of ~1,~ lndlcates the Inadequacy of the use of charge dlstrlbutlon when the 
electroslatlc term IS calculated by the molecular-mechamcs method, and confirms the 
need to modify this distnbutlon by I;lclusron of the hybridlsation dipoles’G 

4nofllel IL rffld c’~o-uflof?lef IL L%fLttJ - Although the physical basis of the two 
effects IS the same it IS necessary to distinguish between the magnitude oFthe anomerlc 

and exo-anomeric eGfects, and for the exo-anomerrc effect, Its mdgmtude for avlal and 
equatorial forms In contrast to acychc models for which It IS lmposslble to dlstmgulsh 
between the magnitude of the anomeric and exo-anomerrc effects, based on our 
results and usmg energies of IndlvrduaI conformers, It IS possible to calculate the 
effects for A-MTHP and E-IMTH P In this approximation, the dnomerlc effect IS 

derermrned bq the differences between the mean ener,oles of conformations of A- 
rvITHP and E-MTHP Analogously, for the euo-anomenc effect, the difference can 
be taken between energies of synchnA and antlperlplanar conformers m lndwdual 
2-methovytetrahydropyran Forms Based on calculated energies of mdlvldual con- 
formers_ the anomerlc efTect in 2-methoxytetrahydropyran amounts to 2 96 kJ/mol, 

and the e\o-anomenc effects m A-MTHP and E-MTHP are 6 14 and 7 01 kJ/mol, 
respectively This result implies that the exo-anomeric effect IS stronger m /I anomers 
Owmg to evperrmental dlfFicultIes mvolved In rhe determmatlon of conformatlonal 
eqwhbrmm around the C-1-0-1 bond the calculated magmtude of the anomerlc 
effect can be compared only with data obtamed In non-polar solvents, where the 
respective values range from 3 0 to 3 9 kJ/mol It can be assumed, based on the good 
agreement between calculated and experlmentally found values for the anomerlc 
effect, that the values for the exo-anomeric effect (the first to have been reported) 
are also correct The values for the exo-anomerrc effect are roughly twice as high as 
those for the anomerIc effect which agam emphasizes the importance of the exo- 
anomerlc effect rn governmg the conformatIona propertles oftheglycosldlc segment” 

The foregomg results correspond to the so-called state of an Isolated molecule 
The conformatIona equlltbrlLm of the conformers and the magmtudes of the ano- 
merlc and exo-anomenc effects depend, of course, upon the medium m which the 
glycoadIc structures exist Recent studies of the effect of media on the conformational 
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propertIes of dlmethoxymcthane” and n m r studle$ of 2-afhokytetrahydropyran\ 
In solution” * I1 show that the sofwnt effect IS an Important factor upon wfllch the 
abundance of the axlaf form of 2-methovytetr.lhydropyran depends A dctalled study 

of the eff‘ect of solvents upon the conformatlonal propertIe\ of the glycosldic Imhagc 

and the ma_gnltude of anomrnc and elo-anomerlc effects <u-e presented else\\ here’ 9 
As a conchwon to this study, CL few comments concernrng the conformcltIonal 

anafysls of of~go- and poly-saccharides are necessary The pronounced dependence 

of the torsional energy around the gfycosIdIc fInl\age indIcdtes that the approxImdtIon 

to a rIgId residue may lead to erroneous results Care ghoufd be cuemsed In derlwng 
concfusIons In cases when only geometrIcal parameters from X-rdy or neutron 
dIffractIon studies are avalfabfe, because these correspond only to certain con- 
formatIons A more suItable appro\lmatIon \\oufd be the use of the so-called average 

parameters, for example, Arnott and Scott-\ gcomrtncaf parameters” S~ncc some of 

the geometrIcal pnrameters after consrderabfy, It IS nece%ary to mcfudc rn c,dcufat~onr 
of the conformatIon of of~go- and pofy-saccharrdcs at feast the most Important 

parameters, L’ g , ‘L(I) or the gfycosrdlc angle Tf11s IS pan tIcuf.lrly Import‘mt III studres 

of the propertres of polysacchandeb rn ~olutlons. ‘1s the sf~ipe and f>Iopcrtles 01~ 
molecules are gwen by a dynamic equ1f1brIum of many conformatIons The first 
approach of this type can be found In the worh of Bran?’ who Included, as another 

parameter, the gfycosldlc angle /I rn the configurational statistics of pofysaccharIdes 
It follows from the high values of the exo-anomenc effect that this factor IS an 

Important dnwng-force, comparable wth other mtcrdctions, determmmg the con- 
formatIona propertIes of the gfycosldrc IInhage The exo-anomerlc effect should 

therefore be Included as a wtabfe parameter III the methods of molecular mechamcs 

apphed to conformatIonal propertIes of of~go- and pofy-sacch,~ndcs 
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