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In previous papers we reported energy calculations on aldopyranoses’-3, 
cychtols4, methyl glycopyranosldes’, and aldohexose pentaacetates6 These cal- 
culations have now been extended to aldopentopyranose tetraacetates to afford more 
mformatxon about the stereochemistry of six-membered rmgs 

The atoms m the rmg (Fig 1) and the atoms bonded directly to the rmg were 
fixed m the CZ(D) and IC(D) conformatlons by usmg the bond lengths and bond 
angles reported earher ‘-’ 5 6 The acetate groups were also fixed m the mmlmum- 
energy positIons by an iterative process6 To calculate the electrostatic contnbutlon to 
the total energy, the fractlonal charges on various atoms were assigned by a molecular- 
orbital method’** The IE charges ansmg from the moblle electron-density at each 
atom m the conjugated regions (namely, the acetate groups), and r~ charges on the 
saturated smgle-bond framework, were evaluated separately and the net charges 
obtamed by summmg the X- and o-charge contnbutlons The net charges so obtamed 
on the atoms of the aldopyranose tetraacetate molecule are shown m Fig 1 The 
expressions used, and the procedure followed to obtam the nummum potential- and 
free energies of these molecules m the C~(D) and IC(D) conformatlons, are the same as 
those reported earher6. 

RESULTS AND DISCUSSION 

The results of the energy calculations on aldopentopyranose tetraacetates are 
shown m Table I The potential energies of the mnumum-energy conformatIons are 
gven m columns 2 and 3 and the free energes m columns 4 and 5 of Table I The 

*Contnbutlon No 42 from the MoIecular Blophysxs Umt, Indran Institute of Science, Bangalore 
560012, India 
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Fig 1 Charge drstnbuhon 111 aldopentopyranose tetraacetates (in fractions of an electrontc charge) 

TABLE I 
CCNFORhfATIONAL ENERGIES OF ALDO?ENTOPYRANOSE TETRAACETATESa (IN KCAL MOLE- ‘) 

Aldopento- Calculated Calculated Free energres Free AG fromb 
pyranose potential free correctedfor the energy nmr 
tetraacetate energies energies anomerzc effect difference for 

AG 
Cl 1c Cl 1C Cl 1c Cl-1c Cl-1c 

a-B-arabmo 
&wuabmo 
CY-D-@X0 

&D-&X0 

a-n-r&o 
8_D-rrbo 
a-D-xylo 

j&D-&O 

-0 36 
+o 11 
-0 12 
-0 01 
-005 
-0 16 
-0 12 
+oOO 

-007 +061 +042 -009 tO42 -0 51 +og1*034 
-005 +I08 +092 +108 +022 +o 86 f19flO 
-0 22 t-061 +051 -009 +051 -0 60 -0 55fO 30 
-0 35 +072 CO62 +072 -008 -l-o 80 +028&027 
-0 56 +092 +041 +022 +041 -0 19 -0 74fO 33 
-0 63 f-057 i-034 +057 -036 +093 +0 18&O 26 
-0 27 +037 +070 -033 fO70 -103 (-24 
-065 +000 -I-O32 +OOO -038 +o 38 -0 58&O 30 

‘The excess energy of a pamcular conformawn m each set, over that of f&D-xylopyranose tetra- 
acetate m the CZ conformatlon m that set, IS gwen bData taken from ref 9. 

calculated free-energy difference (AG) between the C~(D) and ZC(D) conformations 
agree fairly welI with the experlmental values of Durette and Horton9 (columns 8 and 
9) after addmg a value of 0 7 kcal mole-l (wlthout considering the nature of the 
solventj to the conformations havmg an equatonal C-1-O bond to account for the 
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observed preferential shortemng5 6D1o 1 1 and the exo-anomenc effectl’; the former 
may contnbute about 0 4 kcal mole- ’ and the latter about 0 2-O 4 kcal mole-’ 
Thus value probably depends to a small extent on the nature of the solvent. Some 
mvcstlgators have consldered the shortexung of the C-l-Q bond as part of the 
anomenc effect” Columns 8 and 9 of Table I show that the signs of the calculated 
AG values are m agreement wth expernnental values for all of the molecules, except 
for a-D-arabmose and j?-D-xylose tetraacetates However, the low calculated AG 
values m these two cases mdrcate that they exist to an appreciable extent m both CI 
and IC conformatlons m solution, m agreement with expenmental evidence 
(Table II) 

TABLE II 

CONFORh3ATIONALEQUILIBRIAOFD-ALDOPENTOPYRANOSE I-EIXAACE.l-A= 

Compound Calculated (%) Equdrbrrum cibtff (O/O) 

Cl 1c Cl 1c 

a-D-arabmo 70 30 21 79 
$-Darabmo 19 81 4 96 
a-D-Iyxo 73 27 71 29 
&D-Iyxo 21 79 39 61 
a-D-rrbo 58 42 77 23 
fi-D-rtbo 17 83 43 57 
a-D-xylo 85 15 >98 t2 
&D-Xy~O 34 5 655 72 28 

Taken from ref 9 

It is also interestmg that for both the U(D) and the IC(D) conformatlons of the 
aldopentopyranose tetraacetates, the overall potentsal energes were found to be at a 
muumum for the ideal (lmtlal) models, m contrast to the results obtamed for the free 
sugars Tlus observation in&cates that the strain introduced by syn-laxlal acetate 
groups IS less than that of smularly &sposed hydroxyl groups3, m agreement with the 
results obtained for aldohexopyranose pentaacetates6 
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