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The dependence of the results from the conformational search on the starting geometry of large-ring cyclodextrins 

(LR-CDs) was examined for the set of macrorings CDn, n = 16, 17, 18, 19, 20, 21. The structures obtained earlier for 

CDn, n=16, 17, 18, 19 were confirmed, but not those for CD20 and CD21, although the tendency is evident for opening 

of the macrorings. Results from DFT studies on a model system, using different functionals, justify our choice to use 

the AMBER Glycam04 parameterization for modeling the conformations of large-ring cyclodextrins. The 

configurations of hydrogen bonds that determine the geometries of the preferred syn and anti conformations were also 

examined. 
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INTRODUCTION 

As a natural consequence of the long-lasting 

interest and the numerous applications of the native 

cyclodextrins (small cyclodextrins; α-CD, β-CD 

and γ-CD, respectively, cyclohexa-, cyclohepta-, 

and cyclooctaamylose), their larger analogues, the 

large-ring cyclodextrins (LR-CDs; CDs with a 

degree of polymerization (DP) higher than eight) 

[1-5], also attracted attention in recent years, and 

advances were marked in the study of their physic-

chemical properties [6,7], in spite of existing 

difficulties in their synthesis, isolation and purifica-

tion. The existence of LR-CDs has been proven as 

products from the action of 4-α-glucanotransferases 

on amylose and amylopectin [2] almost a century 

later after the first evidences for the existence of 

cyclodextrins [8]. The expectations were that, in 

addition to the numerous well-known useful for the 

practice properties of the small cyclodextrins, na-

mely to provide heterogeneous microenvironment 

to molecules, accommodated in their cavities, that 

acquire significantly modified properties compared 

to the free forms, some of the LR-CDs may have 

new, specific properties. 

It took about twenty years after the first report 

for the existence of LR-CDs (DP = 9-14) [9] 

preparation method for LR-CDs mixtures to be 

worked out and δ-CD (DP = 9) [10] to be isolated 

and its crystal structure to be characterized [11]. 

This opened the renewed interest on LR-CDs: 

within very short time the crystal determinations of 

CD10 (ε-CD) [12-14], CD14 (ι-CD) [12, 13], CD26 

(υ-CD) [15,16] were reported. Important further 

steps related with the development of an effective 

purification method for LR-CDs [4] was the first 

chemical synthesis of a LR-CD, as well as the 

synthesis of the first chemically modified LR-CD 

(CD9). The experimental information about the 

conformations of LR-CDs is scarce. Crystal struc-

ture determinations were so far successful only for 

four of them.
 
The difficulties in forming intramo-

lecular and intermolecular hydrogen bonds, due to 

the high flexibility of their macrocyclic rings, as 

well as the low nucleation rates of sugars, that has 

to precede crystal growth [3], are considered to be 

the main cause for the low crystallinity of most LR-

CDs. 

An advantage of the LR-CDs in comparison 

with the small CDs, especially with α-CD and β-

CD, is that they are without any significant toxicity 

and that nutritionally they can be regarded as starch 

[2]. Commercially available CD-mixtures contain-

ning LR-CDs with a degree of polymerization from 

9 to 21 were examined as additives to food (retro-

gradation retardant in breads, for freeze resistant 

jellies and for production of non-sticky rice) and 

drink products (high energy additive to soft drinks) 

for improving their texture, mouth feeling, flavor, 

taste, and palatability [6]. Others were studied as 

stabilization and solubilization for drugs. LR-CDs 

mixtures with a degree of polymerization from 22 

to 45, and greater than 50 exhibited an efficient 
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artificial chaperone effect for protein refolding (a 

protein refolding kit containing a mixture of LR-

CDs as one of the active components is on the 

market [3] - the first practical application of LR-

CDs in biotechnology). Such LR-CDs mixtures 

were able to strip detergent molecules of unfolded 

protein-detergent complexes, thus allowing the 

protein molecules to refold to their proper, folded, 

active state [2]. LR-CDs have been suggested for 

applications in the paper industry as an improved 

paper coating material and as starch substitutes in 

adhesives and biodegradable plastics. 

LR-CDs may be good host molecules for 

relatively large guest compounds [6]. An increased 

flexibility of these molecules allows them either to 

present a more suitable cavity prior to complex 

formation or adapt to the guest molecules by an 

induced fit mechanism [2]. Since the large CDs are 

able to present a variety of cavity sizes, compared 

to the small CDs, they may be useful for special 

applications. δ-CD, for example, has demonstrated 

to form a stable complex with C70 Buckminster-

fullerene that allows its solubilization in water [17]. 

It has been proven that -CD (12 glucoses) is 

effective in the partial separation of carbon nano-

tubes [18], i.e. not only fullerenes, but also single-

wall carbon nanotubes were dissolved into water 

using LR-CD [3]. Increased interest is evident from 

the literature on developing techniques for isolation 

of LR-CDs [19,20] and for examining the proper-

ties of these macromolecules as new polysaccha-

ride-based biomaterials [21]. 

In view of the difficulties with the experimental 

examination of the conformations of large-ring 

cyclodextrins, computational modeling and simula-

tion methods provide useful tool to gain infor-

mation about their conformational dynamics, the 

energetics, and the complex-forming ability. The 

conformations of some LR-CDs were systemati-

cally examined using molecular dynamics simulati-

ons as conformational search protocol [22,23-29].
 

Representative conformations of the macrocycles 

were obtained for different ranges of DP. There still 

exist however some problems that deserve further 

elucidation: 

1. The range of DP from 16 to 21 was 

considered as appropriate test cases to examine 

alternative starting conformations for the conforma-

tional searches. This is the range of macroring sizes 

that differ significantly from the reference struc-

tures CD14 and CD26 for which experimental 

crystal structure determinations are available. 

2. We used the AMBER (parm99) force filed in 

our earlier studies [22]. The parameterization for 

carbohydrates, Glycam04 (AMBER v.8) [30] was 

later adopted [23,24,28]. The most recent develop-

ment of the Glycam series of parameterizations, 

Glycam06 (in AMBER v. 11) [31], is recom-

mended to be used instead of Glycam04. It is 

natural now to adopt this new development. We 

tested however different methods on representative 

syn and anti conformations of α-D-glucopyranosyl-

(14)-α-D-glucopyranoside (all they have six 

intramolecular hydrogen bonds). A syn confor-

mation was estimated to have the lowest energy, 

whereas the following relative energies of the 

flipped (anti) conformation of the lowest energy 

were obtained (in kcal mol
-1

): DFT(6-311++G**): 

5.7 (B3LYP), 5.7 (LC-wPBE), 6.1 (CAM-B3LYP), 

6.4 (wB97XD); SE-MO: 7.6 (AM1), 6.0 (PM3), 6.5 

(PM6); UFF: 3.8; MMFF94: 5.7; Glycam04: 4.6; 

Glycam06: 2.9, i.e. Glycam06 estimated too low 

relative energy for the flipped conformation. How 

this result will reflect on the outcome from the 

Glycam06 modeling studies? Thus we consider 

important to justify our choice of using the 

Glycam04 parameterization for modeling the 

conformations of LR-CDs by comparing results for 

a model structure obtained with Glycam04 and 

DFT methods. 

COMPUTATIONAL DETAILS 

The MD simulation trajectories were obtained 

with the AMBER program (version 11 [30]) using 

the parameterization for carbohydrates, Glycam04 

[30]. The molecular dynamics simulations were run 

for aqueous solution (a box with TIP4P water 

molecules) using the particle mesh Ewald (PME) 

method for the treatment of the long-range electro-

statics. A 9.0 Å distance cutoff was used for direct 

space nonbonded calculations and a 1.0x10
-5

 Ewald 

convergence tolerance for the inclusion of long-

range electrostatic contributions. The ‘solvateBox’ 

command of LEaP was used to create cubic solvent 

box around the CD with buffer distances 15.0 Å 

between the walls of the box and the closest atoms 

of the solute. The SHAKE option (tolerance 5.0 x 

10
-5

 Å) was used for constraining bonds involving 

hydrogen atoms. The starting geometries were 

derived following schemes based on the X-ray geo-

metries of CD14 and CD26 as key reference struc-

tures and adding or removing residues. The same 

protocol from our previous studies was used for the 

preparation of the systems for the simulation 

[24,28,29]. Additional 500.0 ps simulation 

(NPT) was executed before starting the produc-

tive runs. The productive runs were performed 

with the recommended maximum time-step 2.0 fs 

when SHAKE is used, at 300 K and an average 
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pressure 1.0 bar with isotropic position scaling. The 

simulation time was 100.0 ns. Samplings were 

taken every 2.0 ps. 

RESULTS AND DISCUSSION 

For the purpose of the representation we have to 

introduce some designations. Fig. 1 displays a 

schematic representation of a fragment of a 

cyclodextrin macroring with the numbering of the 

atoms and examples for syn and anti orientations of 

neighbouring glucose units. 
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Fig. 1. a) Schematic representation for a cyclodextrin 

showing the atomic numbering. Each individual glucose 

unit is designated by a number “n”. Atoms are identified 

by a letter and a number that indicates its position in the 

glucose. (b) Relative conformations of neighbor gluco-

ses: syn, anti and kink. 

Dependence of the results from the starting 

geometry 

The three groups of LR-CDs examined by us so 

far [25-27] present structures from different ranges 

of values for the degree of polymerization. The 

starting geometries in two of these cases were 

derived from the experimental crystal structures of 

cyclodextrins which were closer in size, CD14 [26] 

and CD26 [25]. It should not be surprising that for 

the third group of cyclodextrins, CDn (n=18, 19, 

20) [27], averaged geometries of CD20 were 

obtained that differ from the structures of the same 

macroring obtained earlier using different starting 

geometry (Fig. 2) [25]. This prompted us to exami-

ne in more detail the conformations of these LR-

CDs using different starting geometries. The 

systems studied were CDn, n=16, 17, 18, 19, 20, 

21. Indeed we found that such dependences exist. 

  

(a) (b) 

Fig. 2. Averaged structures of CD20 derived after 

conformational searches with different starting 

geometries for the molecular dynamics simulations: a) 

Results from Ref. 27; b) Results from Ref. 25. 

The scheme for generating the starting 

geometries differs considerably from the one we 

used before. The starting geometries in the earlier 

study were derived following a scheme based on 

the X-ray geometry of CD14 as a key reference 

structure and adding or removing residues: 

CD14CD15CD16CD18CD20CD19. 

The leading idea in the present examination was to 

start from flips-free geometries (Fig. 3). 

   

   
CD16 CD17 CD18 

   

   
CD19 CD20 CD21 

Fig. 3. Starting geometries for the conformational 

searches. 

We prepared for the purpose starting geometry 

of CD16 using molecular graphics, whereas the 

other necessary structures were derived according 

to the sequence CD16CD18CD17CD19 

CD20, CD19 CD21. Fig. 4 contains average 
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geometries for 10.0 ns simulation time intervals of 

the conformational searches. CD20 was used also 

to examine the dependence of the results from the 

value of the buffer parameter for the thickness of 

the water layer (Fig. 4). Using the same starting 

geometry, the value 15.0 Å for the solvent buffer 

parameter was used in this study, whereas the 

results designated with CD20s were obtained with 

the smaller value 10.0 Å. 

The structures obtained earlier for CDn, n=16, 

17, 18, 19 were confirmed [26,27], but not those for  

 

CD16 

      

CD17 

      

CD18 

      

CD19 

      

CD20 

      

CD20s 

      

CD21 

      
 1.0-10.0 10.0-20.0 30.0-40.0 50.0-60.0 70.0-80.0 90.0-100.0 

Fig. 4. Averaged geometries of CDn (n=16, 17, 18, 19, 20, 21) for different 10.0 ns intervals of the conformational 

searches. 
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(0.0; 0.26; 4a3b) (0.1; 0.22; 3a3b) 

(a) 

 
 

(5.0; 0.0; 4abc) (5.1; 0.0; 3a2c) 

(b) 

Fig. 5. Stereo views of optimized geometries of the lowest-energy conformations of α-D-glucopyranosyl-(14)-α-D-

glucopyranoside obtained with the MMFF94S force field: (a) syn conformations; (b) anti conformations. In parentheses 

are given the relative steric energies, the populations of the conformations and the letter-code describing the hydrogen 

bonding. 

 

CD20 and CD21 [25], although the tendency is 

evident for opening of the macrorings. Longer 

duration of the simulations most probably may 

manifest also the geometries of CD20 and CD21 in 

Fig. 25 in Ref. 28. The observation of extended 

narrow antiparallel double helixes for the cyclo-

dextrins with DP in the range of 18 to 20 (Fig. 4), 

when using two different starting geometries, one 

of which has opened macroring, is additional evi-

dence in support for the existence of such structu-

res. Thicker water layer enhances the appearance of 

narrow extended geometries (Fig. 4, results for 

CD20). CD16 and CD17 display the figure-eight-

like conformations with two β-CD pseudocavities. 

The cyclodextrins with even number of glucose 

residues, CD18 and CD20, present more symmet-

rical extended structures, probably due to more 

favorable torsional deformations about glycosidic 

bonds diametrically positioned along the perimeter 

of the macrocycle. Three segments, each of 6-7 

glucoses, may produce more open cavities for 

CD21 (Fig. 4). 

Validation of the Glycam04 AMBER 

parameterization for conformational studies on 

large-ring cyclodextrins – a DFT study on a model 

system α-D-glucopyranosyl-(14)-α-D-

glucopyranoside 

We will recall again the reasons hidden behind 

this examination. Tests with the Glycam06 para-

meterization (vide supra) gave too low relative 

energy for the flipped conformation. A conse-

quence of this result, when applying Glycam06 on 

the flexible LR-CD systems, could be unreliable 

modeling of local syn/anti transitions. In order to 

validate our preference for using the Glycam04 

parameterization (adopted not only because of this 

reason), we examined with molecular mechanics 

(MMFF94S force field) the conformations of α-D-

glucopyranosyl-(14)-α-D-glucopyranoside. The 

total of 6697 conformations were obtained with 

relative energies less than 24.0 kcal mol
-1

. The first 

130 lowest-energy conformations were further 

modeled also with four DFT functional [32]. The 

results for some of them are given in Table 1. We 

used two “standard” hybrid functionals not inclu-

ding dispersion (B3LYP, PBEh1PBE), one func-

tional that has been constructed to account for 

dispersion (wB97XD) and the Zhao-Truhlar’s high-

nonlocality functional M06 with double the amount 

of nonlocal exchange (2X) that has been recom-

mended for noncovalent interactions. Fig. 5 

presents MMFF94S optimized geometries of the 

lowest-energy syn and anti conformations. Table 1 

contains also data for the dihedral angles of low-

energy structures. For simplicity a letter-code was 

used to designate the values of the dihedral angles: 

s – dihedral angles in the range -30.0
°
 – (+30.0°); g

+
 

– dihedral angles in the range 30.0
°
 – 130.0°; g

-
 – 

dihedral angles in the range -30.0
°
 – (-130.0°); a – 

dihedral angles in the range 130.0
°
 – (-130.0°). The 

pair of dihedrals (Φ,Ψ) determines whether a 

particular conformation can be characterized as syn, 
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kink or anti. The four DFT methods estimate rela-

tive energies of ‘band-flipped’ conformations in 

accord with the Glycam04 results. The results 

justify our choice to use Glycam04 for modeling 

the conformations of large-ring cyclodextrins. 

Let us examine the configurations of hydrogen 

bonds that determine the geometries of the 

preferred syn and anti conformations. For simpli-

city of the presentation we will introduce a letter-

code for designation of the type of hydrogen bon-

ding: a - a hydrogen bond between hydroxyl gro-

ups; b - a hydrogen bond between a hydroxyl group 

and a ring-oxygen atom or glycosidic oxygen; c - 

bifurcated hydrogen bond with proton acceptors 

hydroxyl oxygen and glycosidic or ring-oxygen 

atoms. Then, 4a2bc will designate the case with 

four hydrogen bonds of type a, two hydrogen bonds 

of type b and one hydrogen bonding of type c. 

The typical chain of four hydrogen bonds (4a) 

between the secondary hydroxyl groups determine 

the geometry of the lowest energy conformation 

optimized with molecular mechanics. The two 

primary hydroxyls form hydrogen bond with the 

ring-oxygen atoms. This is the typical case enco-

untered in cyclodextrins. The second low-energy 

conformation has the same hydrogen bonds, the 

only difference being the orientation of the primary 

hydroxyl group with respect to the C5(n)-O5(n) 

bond. This hydrogen bonding is not present in the 

third conformation. The same type of hydrogen 

bonding of conformations one and two charac-

terizes also conformations four (kink conformation) 

and five, but some dihedral angles have different 

values. Five hydrogen bonds of type a, constituting 

a ‘proton-relay’-like fragment, determine the con-

formation of the sixth syn conformation. One and 

 

Table 1. Relative energies (kcal mol
-1

) of some low-energy conformations of α-D-glucopyranosyl-(14)-α-D-

glucopyranoside determined with molecular mechanics and DFT methods. 

No. 
E

a
 Dihedral angles

d,e,f
 

B3LYP wB97XD 
PBEh1

PBE 
M062X 

MMFF 

94S 
Φ      Ψ     θ

1

1     θ
1

2     θ
1

3     θ
1

4    θ
2

1    θ
2

2    θ
2

3    θ
2

4   φOH φOG+ 

1 1.6 1.8 1.7 2.6 0.0 g
+
 g

+
 g

+
 g

+
 g

-
 g

-
 g

+
 g

-
 s g

-
 g

+
 g

+
 

2 0.0 0.0 0.0 0.0 0.1 g
+
 g

+
 g

-
 g

+
 g

-
 g

-
 g

+
 g

-
 s g

-
 g

+
 g

+
 

3 1.1 0.5 0.7 0.6 0.1 g
+
 g

+
 g

-
 a g

-
 g

-
 g

+
 g

-
 s g

-
 g

+
 g

+
 

4
b 

0.0 0.0 0.0 0.0 0.8 a a g
-
 g

+
 g

-
 g

-
 g

+
 g

-
 g

-
 g

-
 g

+
 g

+
 

5 1.6 1.6 1.7 2.7 1.0 g
+
 g

+
 g

+
 g

-
 g

-
 g

-
 g

-
 g

+
 s g

-
 g

+
 g

+
 

6 1.7 1.7 1.7 2.8 1.1 g
+
 g

+
 g

+
 g

-
 g

-
 g

-
 a g

+
 s g

-
 g

+
 g

+
 

7 2.0 2.3 2.2 2.9 1.6 g
+
 g

+
 g

+
 g

-
 g

-
 g

-
 g

+
 g

-
 g

-
 g

-
 g

+
 g

+
 

8 0.2 0.6 0.2 0.8 1.7 g
+
 g

+
 g

-
 g

+
 g

-
 g

-
 g

-
 g

+
 s g

-
 g

+
 g

+
 

9 1.1 0.5 0.9 1.1 1.7 g
+
 g

+
 g

+
 a g

-
 g

-
 g

+
 g

-
 s g

-
 g

+
 g

+
 

10
b 

1.4 1.8 1.5 2.6 1.8 a a g
+
 g

-
 g

-
 g

-
 g

+
 g

-
 g

-
 g

-
 g

+
 g

+
 

11 1.7 1.4 1.5 1.8 1.9 g
+
 g

+
 g

-
 g

+
 g

-
 g

-
 g

+
 g

+
 s g

-
 g

+
 g

+
 

12 0.0 0.6 0.0 0.9 1.9 g
+
 g

+
 g

-
 g

+
 g

-
 g

-
 a g

+
 s g

-
 g

+
 g

+
 

13 2.2 3.2 2.4 3.4 2.1 g
+
 g

+
 g

+
 g

-
 a a a a a a a g

+
 

14 1.1 0.7 0.8 0.7 2.1 g
+
 g

+
 g

-
 g

-
 g

-
 g

-
 g

+
 a s g

-
 g

+
 g

+
 

15
b 

0.2 0.6 0.2 0.8 2.1 a a g
-
 g

+
 g

-
 g

-
 g

-
 g

+
 g

-
 g

-
 g

+
 g

+
 

16
b 

0.0 0.6 0.0 0.9 2.3 a a g
-
 g

+
 g

-
 g

-
 a g

+
 g

-
 g

-
 g

+
 g

+
 

17 3.0 3.4 3.2 4.2 2.4 g
+
 g

+
 g

+
 g

-
 g

-
 g

-
 g

+
 g

+
 s g

-
 g

+
 g

+
 

18
b 

2.2 2.5 2.4 2.6 2.4 a a g
-
 a g

-
 g

-
 g

+
 g

-
 g

-
 g

-
 g

+
 g

+
 

19 2.2 2.5 2.4 2.6 2.5 g
+
 g

+
 g

-
 g

+
 a a a a a a a g

+
 

20 2.9 3.6 3.1 4.1 2.6 g
+
 g

+
 g

+
 g

-
 g

-
 g

-
 g

+
 a s g

-
 g

+
 g

+
 

21
b 

1.0 1.6 1.1 2.2 2.8 a a g
+
 g

-
 g

-
 g

-
 g

-
 g

+
 g

-
 g

-
 g

+
 g

+
 

71
c 

6.7 6.2 6.3 6.2 5.0 g
+
 g

-
 a a g

-
 g

-
 g

+
 s s g

-
 g

+
 g

+
 

72
c
 4.7 4.1 4.4 3.8 5.1 g

+
 g

-
 a a a a g

+
 a s g

-
 g

+
 g

+
 

a
 Total energies of the lowest-energy conformations: (Eo)

3B LYP

g  = -1337.662286 a.u., (Eo)
97wB XD

g = -1337.269492 a.u., (Eo)
1PBEh PBE

g = 

-1336.333340 a.u., (Eo)
062M X

g = -1337.1721753 a.u., (Eo)
94MMFF S

g = 176.1 kcal mol
-1

. 
b 
kink-conformations. 

c
band-flipped conformations. 

d 

Definition of the dihedral angles according to the numbering of the atoms in Fig. 1: Φ = C4(n)-O4(n)-C1(n+1)-O5(n+1); Ψ = C3(n)-C4(n)-

O4(n)-C1(n+1); θ
1

1  = O5(n)-C5(n)-C6(n)-O6(n); θ
1

2 = C5(n)-C6(n)-O6(n)-H; θ
1

3  = C1(n)-C2(n)-O2(n)-H; θ
1

4 = C2(n)-C3(n)-O3(n)-H; θ
2

1 = 

O5(n+1)-C5(n+1)-C6(n+1)-O6(n+1); θ
2

2 =C5(n+1)-C6(n+1)-O6(n+1)-H; θ
2

3 = C1(n+1)-C2(n+1)-O2(n+1)-H; θ
2

4 =C2(n+1)-C3(n+1)-

O3(n+1)-H; φOH = C3(n+1)-C4(n+1)-O4(n+1)-H; φOG+ = C4(n-1)-O4(n-1)-C1(n)-H. 
e 

Results with MMFF94S. 
f
 A letter-code: s – dihedral 

angles in the range -30.0
°
 – (+30.0°); g

+
 - dihedral angles in the range 30.0

°
 – 130.0°; g

-
 - dihedral angles in the range -30.0

°
 – (-130.0°); a - 

dihedral angles in the range 130.0
°
 – (-130.0°). 
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the same 4abc-type anti conformation was found by 

all methods used. In addition to the two sets of 

three hydrogen bonds, a bifurcated hydrogen bond 

is also formed with the participation of the 

glycosidic oxygen atom. With the same energy, 

determined with MMFF94S, and with lower 

energy, determined by all DFT methods, is another 

anti conformation characterized by 4ac or 3a2c 

types of hydrogen bonding. The lowest energy anti 

conformaion has one or two hydrogen bonds less 

than the corresponding syn counterpart. What is 

more interesting however is that the lowest energy 

anti form has one hydrogen bond less than the other 

anti conformation. 

CONCLUSION 

Evidences were acquired on the validation of the 

modeling and simulation results on large-ring 

cyclodextrins from the starting geometry for the 

conformational search. The dependence of the 

results from the starting geometries was examined 

for the set of macrorings CDn, n= 16, 17, 18, 19, 

20, 21. The structures obtained earlier for CDn, 

n=16, 17, 18, 19 were confirmed, but not those for 

CD20 and CD21, although the tendency is evident 

for opening of the macrorings. Results from DFT 

studies on a model system using different 

functionals (B3LYP, wB97XD, PBEh1PBE, M06-

2X) justify our choice to use Glycam04 for mode-

ling the conformations of large-ring cyclodextrins. 

The configurations of hydrogen bonds that deter-

mine the geometries of the preferred syn and anti 

conformations were also examined. 
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(Резюме) 

Изследвана е зависимостта на резултатите от изходните геометрии при конформационно търсене за набор от 

големи циклодекстрини, CDn, n = 16, 17, 18, 19, 20, 21, Потвърдени бяха получени по-рано структури за CDn, 

n=16, 17, 18, 19, но не и такива за CD20 и CD21, но се наблюдава тенденция към разтваряне на 

макропръстените, установено по-рано при тях. Резултати от DFT пресмятания с различни функционали на 

моделна система са в подкрепа на направения от нас избор на силово поле, Amber Glycam04, за моделиране на 

конформациите на големи циклодекстрини. Проучени са и конфигурациите от вътрешномолекулни водородни 

връзки, определящи геометриите на предпочетените syn и anti конформации. 


