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ABSTRACT

The conformational analysis by energy calculations is described for some acyclic sugars
At 25 D-elucitol, D-mannitol and grlactitol. Planar zig-zag corformation is fhe most favoured
conformation for all the three alditols. However, the energy diffcrence betwesn the ¢ bert-chain’
and *straight-chain > conformatioris is less in the case of D-glucitol (3-9 Kceal Mole™) compared to
those of D-mannitol (~2-4 Keal mole !y and galactitol (~2-5 Keal Mole™), The solvant accessi-
bility studies favour bent-chain conformation for D-glucitol and straight-ch2in corformations for D-
madnitol ard galactitol. These conformations, arrived at by thegretical analysis are comparcd with
those observed in the solid statc- determined by X-ray diffraction technique and their acetylated
derivatives in sofution by NMR technique. These studies suggest that, when the energy difference
between straight and bent conformations is small, lattice energy (in the case of solids) and solvent
(in the case of solutions) do play a dominant rol: ot the favoured contormaticrs.

INTRODUCTION

EVERAL investigators'™™ have reported the
favoured conformations of a gumber of acyclic
derivatives of sugar in solution by NMR spectroscopy.
The conformations of some of the agydlic sugars such
2s the-alditols, in sopid state, have beoent determired
by X-ray diffraction methods®. Although thaorcticeal
epergy calculations have been reported for severzl
tyclic sagars and their derivatives®™* no attempt has
so far beer made at calculatinig energies of -various
conformations of acyclic sugars, Compared to the
cyclic systems, the acyclic forms are more fleXible
because of the greater {reedont ¢f rotatiod about the
sistgle bonds. In such cases, the solvent and the
lattice encrgy may play a sigiificant role int stebilizipg
a parficulzr conformation. In this pader, Wha confor-
mational analysis by cencrgy calcuiavions iy deseribed
for acyciic sugars such as D-glucitol, D madeitol and
galactitol, whose contformations in the solid stute by
X-ray analysis® and fcr their derivatives in solution
by NMR technigue®? have beet reported. Comparisogn
of the results with those from cxperiments hrows
light ot the importance of the parallel 1,3-interaction,
lattice eneryy and solvent on the favoured conforpug-
tions,

METHODS

(&) Encrgy calculagions -

Pigure 1 shiows an extended form of an alditol withy
the backbone dihedral angles, AL the atoms i he

molecules were fixed with appropriate bond lepeths

Curr. 5¢i,—3

(CH =11 &; C-O=1-42 &; C-C=1-52 A)
and bornd angless (B-C-C =109-5°; HLCO =
109.5° ; C-C-O = 109:5°: H-C-H- =109-5°),
For reducing computer time the hydroxyl (OH} group
was treated as a u_ited atom and its charge was taken
as the net charge of O and . As indicated it the
dizgram the conformation of the mplecule can be
defined by 2 sct of dihedral angles ¥, to .

£ (0-1—C-1~C-2—C-3) = O whed the bond
O-1—C~-1 echipsas
he bond
C-2~C-3
—C-4) = O whern the bond
C-1-C-2 celiyaes
the bond
C-3—C-4
2(C-2—L~3—C=d—C-5) = O when the bord
C-2—L-3 eehipars
the bhond
C-{—C-5
O wWhy the bond
C-2C=d eelitses
th: pord
C-85—~C-6
Xh(c“4“(:-5"c‘ﬁ-“(}~(?) <« ) whent the bord
N P e, Celmyes
the bond
C~b6—0) -6

¥

P 4 E(C"' 1 '_"C "‘?-. ‘_"C"" -

A(C-3—Cd—C-5—C~6) .

Cloclwise rottiong  weie consileted  rostive,

The potential Ctergy of the molecule was computed
considerity the now-bonded, wlevtiostgtic and tonsigital
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coniributions, The {orm cf the furctiods and con-
stants used are the same as reported by Momany er al,'®.
The fractionzl (5) charges ot the atoms of the molecule
were calculated by the molecular orbital method™,
Thz chrarge distribution in the alditol is stiownt in Fiw. 2.

As the dihedral antgles X can theoretically have anty
Value from 0° to 360°, an infinite gumber of cornfor-
mations becomes possible for the molecule. 1t is
time consuming to compute energigs for all possible
cotformations it order to arrive at the most probable
ones, However, from steric and other restrictions,
It S kaowd that %, getterally favours values around
60°, 180° and —60°, Such a restriction on 2y, leads
to 3® (cr 243) vpossible conformations. These 243
Permutations of the five dihedral angles (,) were used
as statting conformations and the energy was minimized
followir.g the minimizatior procedure due to Fletcher-
Powell'* and Davidont'®, The same procedure has
beent followed for all the alditcls, viz., D-glucitol,
D-niannitol and galactitol.

(6} Stratic Accessibility Calculations -

The method of Lee and Richards™ was used to
estimate the solventt (water) accessibilities, ‘S’ for
different conformations of the three aldwols. The
procedure described earlier® for cyclic sugars has been
followed to calculate the ‘S” values. Higher solvent
accessibility for a conformation indicates ounly a higph
probability of associationr with the solvernt molecules
antd does not imply formationt of the best hydrogen

oM
FiG. 1. Schematic representation of an acyclic
aldito].
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FiG, 2. Charge distributionr in an acyclic alditol
(in fractions of an electronic charge).

Curient Science, November 58,1981, Vol, 50, No. 21

bond, as this requires proper mutual orientations of
the polar groups and the solveit molecules.

It the present study, the solvent accessibilities for
the polar groups (viz,, hydroxyls) of each of the three
alditols (viz.,, D-glucitol, D-miannitol and golactitol)
for different minimum energy conformations have

beer calculated and they are listed in Tables 1,11
and IlI.

RESULTS AND DISCUSSION

Tables 1, 11 and 1L show the lists of calculated low
energy conformationts within 2-3 Keal mole? from the
globel midimum energy for D-glucitol, Demanr.itol
and galactitol, The conformational angles of these
m lecules in c:r:,rstalhne state, determinted by X-ray

diffraction techrtique* are also listed int their respective
tables,

It is ifteresiing to ntote from Tables I, 11 antd TII that
(1) - all the three alditols studied the diliedral angles
X3 and x. mostly favour values around 180° and (i)
the dihedral angle X, favours either 180° or + 60°,
Although the dihedral angles x, and x; on either end
of the molecule favour all the three staggered orien-
tations, these angles do not affect the general shape
of the molecule. Hence the conformation of these
molecules are usually classified as straight or bent
oased on the valuss of the dihedral angle %.. Trat
ts, in the straight chain conformation X, X3 and X,
assume values around 180° whereas in the bentt chain
Zs and x, have values atound 180° and x; around 4= 60°,
Or, x: and %, may have values around 180° and x, may
have a value arrutd L 60° in the bent conformations.

Tables 1, 11 and 111 show that the potential erurgy
of the molecule faveurs the striaght-chain cotformation
(a2 Xy~ x,~1280°%) for all the three alditols, It is
Inter.sting to note that both D-mannitol and galac-
titol do favour straight-chain conformatliols in the
solid state., The solid state conformation of D-manni-
tol has the lowest egergy whereas those of galactitol
and D-glucitol have about 1 Kcalmele? and 1-5 Kcal
msle™ higher energy respectively than tleir global
Minimum  energy  conformations. This suggesis that
the Jattic energy does play a significant rofe in stabi-
lizing the solid state conformations of galactitol and
glucitel,

In the case of D-mannitol and galactitol the straight-
chaint conformations which are favoured by ittra-
molec lar itteractionts have high solvent accessibi-
lities (vide Tablzs TI, 111), Though the experimental
studies ont D-mantitol and galactitol (gt solution)
are mnot available, the NMR studies on their acetylated
derivatives®® sugeesl straight-chain  conformatiors,
O1t the other hand, in the case of D-glucitol the intra-




Current Science, November 5, 1981, Vol. 50, No. 21

935

TasLE 1
Low Energy Conformations of D-glucito!

i e -ttt e e

- S

i,

Am—

No. X1 22 X3 2 Xs Relative  Sclvent accessi-
energy bility
Kcal moleg™? S

1 2 3 4 5 6 7 8
1 63 186 173 180 60 —2+18 170-25
2 63 186 174 179 179 —2-0% 173-49
3 178 185 174 180 60 —3-56 170+ 02
4 63 186 176 183 — 68 —1-54 163- 68
5 177 185 174 179 179 —1-40 173-31
6 —50 —6] 185 182 60? — 126 174-18
7 —350 — 61 186 133 180" — 1-04 177-03
8 189 —65 184 182 60° —0-95 173-22
9 — 61 190 177 180 60 — 0-88 170- 67
10 177 186 175 183 —~68 — 0-87 163-95
11 —50 —60 187 186 — 66" — Q84 16827
12, 167 61 164 178 59¢ —0-74 163-38
13 169 60 163 173 179¢ —0- 63 168> 67
14 — 62 190 176 180 179 —0-65 175-02
15 188 — 65 184 182 180" —0°65 176-53

186-3 —351-1 181-7 179-9 186-4+ . i
16 188 — 64 186 186 —66° —0-38 167-45
17 — 61 191 178 183 — 68 -0-14 166- 39

% Bent conformation,
+ Conformational angles of D-glucitol int solid state®,
TasLE 11
Low Energy Conformations of D-munnitol
Relative Solvert aceessi-
No. X1 X2 X3 Xa A5 encrey bility
Kcal mole™ S
et S——— e e e e e b e

1 00 179 179 181 60 —2-86 175-16

56-2, 184-7 175-8 180- X 335+ .o .
pA 60 180 179 182 180 —2-81 179-59
3 180 179 179 181 180 —~2T4 179+18
4 — 67 182 180 181 60 —2+54 17439
5 - 6T 182 180 181 180 —244 176+712
6 — 67 183 181 184 - 67 — 203 16787
7 -~ 49 - 57 183 182 6O° —0-49 17170
g — 49 — 57 183 182 150° —0-3} 173-98
9 175 74 166 177 58 — 017 16145
10 171 03 163 177 1749 -~ (-Q5 165-78

e’ - el - — i —

-y

a pent conformation.
+ Conformational angles of D-mannitol in solid state?,

molecular nteractions favour stirpight-chain confor-
motions and the solvent favours bent conflormations,

Sinee the energy dufferenca betweent the most favouted
stratght and bent conformtions is snuall (~0-9 Kol
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TaBLE I11

Low Energy Conformations of galactitol

i — —

Relative

.

Solverit accessi-

No. ¥3 r & 23 X3 e energy bility

Kcal mole? S

1 2 3 4 5 6 7 8
i 62, 181 179 178 ~62 —3-33 177+35%
2 62 181 179 179 183 — 285 176:08
3 177 181 179 178 — 62 — 282 178-01
4 177 131 179 179 183 2439 176- 87

172 — 175+ 170-6 1725 1764+ .- ..

5 — 04 185 180 178 — 61 —2+11 179-21
6 61 181 178 174 65 —1+99 163-45
7 ~— 64 185 180 179 183 —1-61 178-81
8 177 171 179 174 65 —1-50 164+ 36
9 — 6} 185 179 174 65 —(-86 166-21
10 167 55 175 177 — £2° —Q+75 \72-37
it 52 51 172 177 —62° — 0-47 171-51
12 62 183 184 — 55 1949 — 032 170-42
13 184 — 35 185 179 — 62° —p-2) 169-D8
14 58 177 163 70 1719 —0-17 17458
15 167 55 175 178 184° —0-12 170-90
16 172 48 — 185 169 — 64° —0:08 §71-80

i i,

mole™1), the present studies predict that D-glucitol
substattially occurs ir. beat conformatiorts in solu.
tion, in agreement with the NMR studies®,

o Berit conformatios:

]

+ Conformational angles of galactitol it solid state?.

Note: Some of the conformations listed in this table ar¢ related by a mirror symmetry ; for example,
Nos. 2 and 3, 5 and 6, 7 and 8, Their energiec ate segn to differ very little, within about 02 Keu!
mole~* which is withid the limits of ervor involved it the method of calculation.
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