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ABSTRACT

The present work describes the comparative study oftrims- and thecis-xylomollin
structures. We have determined the two bridgeheadartd H configurations using simulation
calculations for bottirans- and cis- distereoisomers. Molecular Dynamic (MD) simulations of the
trans- and cis- xylomollin were performed with an efficient program. The geormsfrinteraction
energies, bonds, angles, and the Van der Waals (VDW) interactiosasargied out in solution and
gas phases. This comparative study shows thatr#he-xylomollin acquires the high configuration
energy under the AMBER field using MD method. This molecule reaches its hixiga stefiguration
state in solution environment. Our MD simulation results are goodsnaagieement with those of
literature.
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1. INTRODUCTION

Heterocyclic molecules are the rings composed of both carbon and amerer
heteroatoms. The heteroatom of heterocyclic molecules is ggnesalben, sulfur, or
nitrogen, with the latter being particularly common in biochemigstiesns. Heterocyclic with
relatively simple structures are pyrrole (5-membered) and in@eteembered carbon ring).
Rings can fuse with other rings on an edge to give polycyclic compoRimdgs can also fuse
on a "corner” such that one atom (always carbon) has two bonds goingriogoard two to
another. Such compounds are termed spiro and are important in a numbaradfaratiucts.
They can be unsaturated or aromatic heterocyclic or saturatetbdyete. Alkaloids,
chromenes, coumarins, flavonoids, xanthones are some examples.

These compounds must be ecologically non-toxic for human. So, the author has
classified then into two classes (table 1) [1]. Chemicals defroen the first classes are vital
for the preservation and the protection of life processes, and havthaisotoxicological,
pharmacological and ecological importance. The second classesdra usodern industry
and medicine.
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Table 1. Chemical classes of biologically active compounds [1]

First Classes Second Classes
Aliphatic alcohol, Acids Gums
Amino acids, Alkaloids Glues
Carbohydrates, Carotenoids, Hydrocarbons Alkaloids
Fatty Acids and Polyunsaturated Fatty Acids Saponins

Lipids, Pheromones, Phorbol esters, Phenolic

|92}

Steroids, Triterpenes, Glucosides

Tannins

Iridoids compose a class of natural compounds which have various biological
activities such as antiviral [2], anti-allergic, anti-anaphyta@nalgesic [3], antioxidant [4, 5],
antimicrobial, antirheumatic, laxative, hypotensive, sedative, antituni@r6],
immunostimulant [7, 9], antimicrobial [10, 11] and hepatotoxic [13-15]. Othew sadical
scavenging activity against DPPH, antioxidant activity agdirtstrotene [12] and significant
inhibition of UVB-induced: Activator Protein-1 activity in cell culture [16, 17].

Furthermore, the Xylomollin 1 belongs to the first classes. Owrast of this
molecule becomes for itsans-fused iridoid terpene structure which has multiply applications
in pharmacological.

In the present work, we describe and characterize the moletulgtuee oftrans- and
cis- xylomollin by MD simulation using AMBER as the force fields. Wescuss the
computational chemistry results of the two diastereoisomer compdwrtdsve compare their
two calculations results with the coupling constant effects.

In section 2, we report the stereochemistry for each compaamd-(andcis-) using
the coupling constants.

In section 3, we describe the materials and methods used inutlys bt the next
section, we have detailed the molecular calculations: i) geonwogitiynization, and ii)
dynamic simulations. In the second part, we discuss the evolutioneokrjies, ii) dihedrals
angles, and iii) geometry optimizatiam both vacuum and water environments. We present
the calculation results obtained for the two compounds by Molecular dysaamd then we
compare all these results. In the last section, we give the conclusion.

2. STRUCTURE OF XYLOMOLLIN

Xylomollin 1 is the first natural heterocyclic compound ofrans-fused secoiridoid
hemiacetal acetal. From natural source, its can be isolated ynsordll amounts and it
represents one example of the naturally occurring cyclopentanomoterpenes.

Xylomollin 1 is the (1R, 4a 8&3)-hexahydro-i-hydroxy-3B-methoxy-$-methyl-6-
oxo-1H,3H-pyrano[3,4-c]pyranedcarboxylic acid methyl ester.
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Fig. 1. Structure of Xylomollin.

The authors were fascinated by the structure of xylomollin. Rynihesis, they have
suggested that ais-bicyclo[3.3.0]octane can be transformed into thens-fused natural
product. The transformation occurs by the inversion of stereochemistonea of the
bridgehead carbon [18]. Previously, Nakane and all have partially syrgteble xyllomolin
and have found that the stereochemical control is realized by anioamvefsonfiguration for
one length chain [19].

In literature, we found some structures related to known iridoids ffhpound 2
has the 8 9-secoiridoids unlike kingiside 3 and sarracenin 4 have tHe) &qnfiguration.
The two synthetics (-)-1-OMe-2 and its C-3 epimer 5 were prddaoen (-)-loganin 6, and
havecis- configurations (figure 2). The (-)-1-OMe-2 complies with a gaueteionship of
the bridgehead hydrogens irtia-decalin systemJusno values: 4.8 Hz and 9.4 Hz) [21]. So,
with the *Jusno value of 10 Hz found in 1 is too large forcs-fused decalin system; the
xylomollin’s structure is related to: 5(8(9,9(R)-secoiridoid. The alltrans- diaxial
orientation of the methine hydrogens is more regular with the reptfteNMR coupling
constant data [22].

CO,CH3 CO,CH3 CO2CH3
o _.OCHg 5 ae X\
0 0 ch\[ ° 0
.-8 ]
CH; OH T odLo
2 3 4
CO,CHs CO,CHj
o OCHj N
o] 0 — o)
CH; OCH; HsC OGlu
5 6

Fig. 2. Structures of secoiridoids.
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In the xylomollin 1, the two bridgeheads &hd H havetrans-configuration [23]. The
Hs was shown to possesg3eorientation with a large coupling constadt; € 3 ppm, dddd,
1H, J = 10 Hz, ) [24], the second one was also proposed to haweosientation §y = 1.75
ppm, ddd, 1H, J = 10 Hz,ddwhen compared to the literature report [25, 26]. Inctedused
iridoid, authors have shown that the NOE cross peaks betweand provided the same
orientation for the two protons with a small coupling constant in#hBIMR spectrum (4
Hz) [27]. Therefore, the two iridoids have distinct configurations. Se, ithiolve that the
compound 1 hagans-configuration.

In order to confirm the stereochemistry of compound 1, we have studiemvdhe
moleculesitrans- andcis- xylomollin by comparing their calculation data. For this, we have
using the Molecular Dynamic simulations at constant temperatule ibotacuum and in
water.

3. MATERIALSAND METHODS

Molecular Dynamics (MD) is a talented method used to modelmalaiion of
macroscopic systems involving a few molecules. Today, MD tends toneean alternative
to experiments in order to provide complements geometry, structudath@rmodynamic
characteristics. Molecular simulation provides an intermediatbadebetween experiments
and classical models. It gives useful predictions to understandlafiengroperty-chemical
structure.

All MD simulations were performed with AMBER force field ngi conjugate
gradient algorithm. In vacuum, the system was simulated using MateDynamics with
0.0001 ps step. Temperature was kept constant at 300 K. The startingatenepeas taken
at 100 K and the step at 20 K. In water, simulations, the systemlaeed in a box (20 x 20
x 20 A) containing one molecule of Xylomollitréns- or cis-) and 246 water molecules and
cut-off 4 A. Optimization of the molecule was realized in peridaizindary conditions
(PBC). Thecompounds were solvated by added water molecules. The systemsirgtere f
energy minimized steps with the conjugate gradient algorithm. Therposition-restrained
MD simulation was run 0.5ps.

Fig. 3. Geometry structure @fans-xyllomolin: (a) in vacuum, (b) in water.
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4. RESULTSAND DISCUSSIONS

4. 1. Geometry optimization

Trans- (gauche) conformation of theans-xylomollin structure is confirmed by the
dihedral angle (k-Cs-Cyo-H2g) and the distance bonds. In the isolated and the solvated
compound, this torsion angle does daange. So, we have obtained an anhedral angle value
of -164.135° (table 2a). This situation is due of the strong Van der \&@hassons intrans-
xylomollin or betweerrans-xylomollin and water under AMBER.

For thecis-xylomollin, the conformation is verified by the same parametarthdt case, we
have found that the dihedral anglesf€s-Co-H,g) is an anhedral one and its value fluctuate
around —40° (table 2b).

Table 2a. Structural properties dfans-xylomollin with AMBER.

trans-xylomollin
Isolated Solvated
Bond | D(A) | Angle 0(°) Dihedral D (°) A A [ Bond [ D(A) | Angle 0(°) Dihedral D (°) A A A
1-2 | 1.424 | 459 | 107.55. | 4-5-9-1 68.867 | 37-29 | 3014 | 12 | 1.42¢| 459 | 10755, | 4-5-9-1 68.865 | 37-29 | 3.014
2-3 | 1.42C | 659 | 110.20t | 6-5-9-8 | -39.914 | 37-31 | 2.46¢ | 2-3 | 1.42C | 6-5-9 | 110.20¢ | 6-5-9-8 | -39.943 | 37-31 | 2.46¢
3-4 | 1.54¢ | 6-5-37 | 107.70" | 37-5-9-2¢ | -164.43! | 37-3C | 3.04< | 3-4 | 1.54¢ | 6-5-37 | 107.70° | 37-5-9-2¢ | -164.43: | 37-3( | 3.04¢
4-5 | 1.53¢ | 8-95 | 113.74: 37-3¢ | 3.64¢ | 45 | 1.53¢ | 895 | 113.74: 37-3€ | 3.64¢
56 | 1.52¢ | 1-95 | 106.76 37-3: | 3.02¢€ | 56 | 1.52¢ | 1-95 | 106.76 37-3% | 3.02¢
6-7 | 1.524 | 8-9-2¢ | 106.72¢ 37-3¢ | 3574 | 67 | 1.52¢ | 8-9-2¢ | 106.72¢ 37-3¢ | 3.57¢
7-11 | 1.354 29-3C | 2.68¢ | 7-11 | 1.35¢ 29-3C | 2.68¢
11-8 | 1.41¢ 29-3€ | 2.33 | 11-8 | 1.41¢ 29-3€ | 2.33C
89 | 1.547 20-3: | 2.81£ | 89 | 1547 29-3: | 2.81F
9-1 | 1.54C 29-31 [ 3.821 | 91 | 1.54C 29-31 | 3.821
8-10 | 1.534 29-3¢ | 3.797 | 8-10 | 1.53¢ 29-3¢ | 3.79i
3-12 | 1.42Z 29-3: | 2507 | 3-12 | 1.42Z 29-3: | 2.50%
12-17 | 1.41¢ 12-17 | 1.41¢
4-14 | 1.52¢ 4-14 | 1.52¢
14-18 | 1.23C 14-1% | 1.23C
14-1€ | 1.35¢ 14-1€ | 1.35¢
16-17 | 1.414 16-17 | 1.41¢
1-18 | 1.41Z 1-18 | 1.412
7-19 | 1.22¢ 7-19 | 1.22¢
Table 2b. Structural properties @is-xylomollin with AMBER.
cis-xylomallin
Isolated Solvated
Bond | D(A) | Angle o () Dihedral @ (°) A AA) | Bond | D(A) | Angle o () Dihedral D () A AA)
1-2 1.41€ | 459 | 112.99¢ | 4-5-9-1 | -41.19C | 37-29 | 2.300 1-2 1.41€ | 459 | 113.037 | 4591 | -41.05¢ | 37-29 | 2.299
2-3 | 1417 | 659 | 109.897 | 6-5-9-8 | -41.98t | 37-31 | 2.46€ | 2.3 | 1.417 | 659 | 109.96¢ | 6-5-9-8 | -41.781 | 37-31 | 2.46%
3-4 | 1.537 | 6-5-37 | 105.67¢ | 37-5-9-2¢ | -42.67¢ | 37-3C | 3.031 | 34 | 1.53¢ | 6-5-37 | 105.62¢ | 37-5-9-2¢ | -42.52¢ | 37-3C | 3.03(
45 | 1537 | 895 | 111.71 37-36 | 394t | 45 1.537 | 8-9-5 | 111.70" 37-3€ | 3.94¢
5-6 | 1.531 | 1-9-5 | 111.69¢ 37-3t | 252¢ | 5.6 | 1.531 | 195 | 111.72: 37-3t | 2.52¢
6-7 | 1.522 | 8-9-2¢ | 106.34¢ 37-34 | 4.22¢ | 6.7 | 1.52z | 8-9-2¢ | 106.34¢ 37-34 | 4.22¢
7-11 | 1.35% 29-3C | 3.78¢ 7-11 1.35% 29-3C | 3.78¢
118 | 1.41€ 29-3¢ | 3.042 | 11.8 | 1.41¢ 29-3€ | 3.04%
8-9 1.55€ 29-3z | 2.21Z 8-9 1.55€ 29-3z | 2.21%
91 | 1542 29-31 | 4230 | o941 | 1542 29-31 | 4.22¢
8-10 | 1.537 29-34 | 4.172 8-10 1.537 29-34 | 4.17%
3-12 1.422 29-3¢ | 3.861 3-12 1.422 29-3¢ | 3.864
12-1% | 1.42Z 12-17 | 1.41¢€
4-14 | 1.532 4-14 | 1.532
14-1% | 1.23C 14-15 | 1.23C
14-1€ | 1.35€ 14-1€ | 1.35€
16-17 | 1.424 16-17 | 1.414
1-18 | 1.411 1-18 | 1.411
7-19 | 1.22¢ 7-19 | 1.22¢

A : Non-Bonded Distances
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The geometry optimizations @fans- andcis- xylomollin are realized in vacuum and
in water (in PBC with a 246 TIP3P water molecules); using AREIS the force field. The
results are given in tables 3. As consequence,tridiess- molecule has higher energies
(dihedral, Van der Waals (VDW) and total) than thee structure in both situations (vacuum
and solution). Theciss molecule acquires inverse situation for the bond and the angle

energies.

Table 3a. Geometry optimization properties toéns-xylomollin at 300 K with AMBER before MD

simulations.
Geometry
State Bond Angle Dihedral VDW Sg:;%h' H-bond Electrostatic Energy (B(Eé:gim
(Kcal/mol) | (Kcal/mol) | (Kcal/mol) | (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol) A.mol)
Isolated 0.6607 3.5038 9.7106 3.4996 - -0.0002 0 17.3746 0.0869
Solvated 0.6605 3.5034 9.7104 3.5079 - -0.0002 0 17.3820 0.0870

Table 3b. Geometry optimization properties @&-xylomollin at 300 K with AMBER before MD

simulations.
Geometry
State Bond Angle Dihedral VDW Sgs:lcdh' H-bond Electrostatic Energy iﬁg;ﬁm
(Kcal/mol) | (Kcal/mol) | (Kcal/mol) | (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol) A.mol)
Isolated 0.7699 5.0700 6.0819 3.0612 - -0.0003 0 14.9831 0.0966
Solvated 0.7691 5.0558 6.0836 3.0681 - -0.0002 0 14.9767 0.0927

In both environment, the minimum potential energies & calculated for the
geometry optimization using AMBER are highertians- structure than imis- (respectively
14.8 Kcal/mol, and 10.47 Kcal/mol). We note that the dihedral factor in patenergy is
big in thetrans- molecule than in theis- one when using AMBER field (tables 4a, 4b). For
the last situation, we think that the system considers theofricoefficient which affects the
structure geometry of molecule in ttis form.

Variations are visible for angle, and dihedral energies. The mugbriant difference
is happened in the angle energies. The big value (angle enengilestis- structure is due to
strong interactions between atoms and the values of angdes-:( C4-Cs-Cg 107.5°, G-Co-

Cs5 106.7°;cis: C4-C5-Co 113°, G-Cy-Cs5 112°).

Table 4a. Geometry optimization properties toéns-xylomollin at 300 K with AMBER after MD
simulations (in vacuum and in water).

Bond Angle Dihedral VDW Stretch- H-bond | Electrostatic Energy Gradient
State | caimol) | (Kcalimol) | (Kcalimol) | (Kcatimol) | ,, P& | (kcalimol) | (Kcalimol) | (Kcalimol) | (K¢
(Kcal/mol) A.mol)
lsolated |  0.5663 | 2.7508 | 85234 | 2.9413 - 20.0002 0 147907 | 0.0897
Solvated| 05899 | 2.84978 | 84689 | 2.9680 - -0.0002 0 148764 | 0.0996

Table 4b. Geometry optimization properties @s-xylomollin at 300 K with AMBER after MD
simulations (in vacuum and in water).

State Bond Angle Dihedral VDW Sg::‘%h_ H-bond Electrostatic Energy G(r}(aéj;;nt
(Kcal/mol) | (Kcal/mol) | (Kcal/mol) | (Kcal/mol) (Kcal/mol) (Kcal/mol) | (Kcal/mol) (Kcal/mol) A.mol)
Isolated 0.5235 4.1015 3.9900 1.8550 - -0.0005 0 10.4707 0.0908
Solvated 0.5795 4.3416 3.9390 2.4038 - -0.0001 0 11.2638 0.0954
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4. 2. Molecular Dynamic simulations

Dynamic simulations were accomplished at constant temperaturg,AIBER force
field. The conjugate gradient (Polak-Ribiere) algorithm was pefebecause for the constant
dielectric. We have calculated the xylomollinags- andcis-) dynamic properties in both gas
and water. We have employed the TIP3P water molecules model, andh ¢cheséath
relaxation time equals to 0.1ps. The simulation temperature wasthix300 K and the step at
20 K. The run time was 0.5 ps, the step size was 0.0001 ps and the beaa$if.1 ps. Here,
we study the evolution of: i) energies and ii) dihedrals angles in vtuum and water
environments for the two systentisans- andcis- xylomollin.

At first, we have calculated all energies for the two systéhen represented them in
figures 4 and 5. The average energies are in good agreemenhevishmulation accuracy.
The sampling results of step-size of MD method in vacuum and a@gresented in figures
(a) and (b), respectively.

For thetrans-xylomollin, the total energies (ETOT) are the same in MBusations in
vacuum and water environments. After equilibration, the MD simulatioonbes more stable
(respectively 73.58; 75.48 Kcal/mol). The potential energy (EPOT) andinleéic energy
(EKIN) illustrate fluctuations in both environment and vary around (40.66, 47 &ljrkol,
and (32.92, 28.14) Kcal/mol (figures 4). In simulation, we observe that dfextory of
potential energy has attained a minimum around 0.4 ps (30 Kcal/mdte katme time, the
kinetic energy provides an opposite situation i.e. its reach a maximum (43 Kcal/mol).

m  EKIN
O  EPOT
80 A ETOT
75

Energy (Kcal/mol)

0,0 0,1 0,2 0,3 0,4 0,5 0,6
Time (ps)

(@)

52



International Letters of Chemistry, Physics and Astronomy 5 (2012) 46-58

EKIN

EPOT
ETOT

A

[
n
[ce)

T
o
[s°]

T
n
~

T
o
~

T
wn
©

T
o
©

T T T
n o w
n o <

(lowyed

_
S
A

0,6

0,5

0,4

0,3

0,2

0,1

0,0

Time (ps)

(b)

Fig.4. Evolution of energies fdrans-xylomollin with AMBER: (a) in vacuum, (b) in water.
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Fig. 5. Evolution of energies faiis-xylomollin with AMBER: (a) in vacuum, (b) in water.

For thecis-xylomollin, the positions of all energies stay unaltered (vacuuh©®TE
71.53, EKIN 34.65, EPOT 36.88 Kcal/mol; water: ETOT 72.72, EKIN 30.50, EPOT 42.21,
Kcal/mol). All energies are very stables at time gretttan 0.1 ps for both environments.
Here, the fluctuations disappear in spite of weak interactions éetmelecules. We note the
same situation around 0.4 ps i.e. the potential energy has attainagraumiat 30 Kcal/mol,
and in the same time, the kinetic energy provides the opposite ituatid reaches a
maximum at 43 Kcal/mol.

Comparing the results for the two systems, we note that thetatgotential energies
obtained for thetrans- structure are lightly up to those obtained for the form. The
situation is opposite for kinetic energies. So, here the potentiajiemerorrespond to the
configuration energies for each diastereoisomer.

Both configuration isomerftrans- andcis-) are influenced by the same effects: stereo-
electronic and anomeric. Thieans- molecule forbids the tiling of conformation and the
structure adopts the stiff form. So, the steric hindrance efféetba the two protonsdiand
Hao is less and their non-bonded distance is high (3.0 A). Farishaolecule, the junction
(Cs-Co) of the two cycles allows the possibility to till between telmir forms. So, this
structure is flexible. As consequence, the two protofgsald Hyg are carried by the concave
face and their non-bonded distance (2.3 A) is less than VDW radius (2.4efoi¢lude that
our Molecular Dynamics is suitable for the two systems, our BHDIts are in harmony with
the coupling constant found in literatuteas-: 2Jus720 = 10 Hz), and converge to the much
stable compound: thteans-xylomollin (Econfigtrans- > Econfigcis)-

After analyze the evolution of values of dihedrals anglesQd-Cy-H,g for trans-
xylomollin, we have observed that the angle is instable in MD stionlan gas. During this
simulation run, the torsion angle oscillates between multiplesstéditee deviation has two

54



International Letters of Chemistry, Physics and Astronomy 5 (2012) 46-58

states of stability: the first until 0.07 ps. The second stateabast fully duration of the
simulation run in MD calculations (figure 6).
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Fig.6. Evolution of dihedral angles farans-xylomollin with AMBER: (a) in vacuum, (b) in water.

In water, the dihedral angle and its deviation present two phastabdfty (first at
0.34 ps, second at 0.39 ps) which are separate by short periods in whimh émigle turns
quickly into an anhedral angle (two states) (figure 6). Finallyatigde becomes stable and
gets a value of dihedral angle which corresponidaas- configuration. So, we confirm that
ourtrans-system is more stable in water than in gas.
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For thecis-xylomollin, the dihedral curves are similar

structures imposed by the concave faces€g¢bond.

in the two environméerte.
dihedral angles are most anhedral, present instability, and astiBaveen multiple states.
So, this molecule undergoes tilting of conformation because ofcithecycle junction
(figure7). From these results, we confirm that the moleculésaan intermediary conformer
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Fig. 7. Evolution of dihedral angles fais-xylomollin with AMBER: (a) in vacuum, (b) in water.
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In the actual conditions, the torsion angles seem into anhedral &orglall
simulations. Consequently, deviations have an important state of gtalhiie the angle has
been affected by the collision. The effect is well representedr WMBER field. So, the
structure has been disturbed while the calculation runs. At thistimanperiod, thecis-
configuration geometry is conserved.

The differences will appear for both configuratiotrsu{s-, cis-) and under the same
field (AMBER) where the angle changes in these simulationsaltleetinteraction molecule
structures. As consequence, we conclude thatrans-system is more stable than ttie one
principally in water.

5. CONCLUSIONS

We have essentially studied the two bridgeheadtl H configurations tfans and
cis) using simulation calculations in order to establish the much stabigguration in the
bicyclic structure. So, we have studied the evolution of the geometmyingd properties for
the trans- andcis- xylomollins. We have chosen the MD method to predict much better the
characteristics. The geometries, interaction energies, bondss,adigledrals and the VDW
interactions were carried out in solution and in gas phase. We hdsdatzd the
thermodynamic and structural properties for the two configuratioms AMBER force field.
Then, we have compared these results with those of literature intordenfirm the stable
structure.

The energies are stable in MD simulations under the AMBHR fie water, we note
that the total and potential energies obtained fortithies- structure are lightly up to those
obtained for thecis- form. In gas, the situation is similar. We conclude that our Madecul
Dynamic method is suitable for the xylomollin systems, and gives gesults for thérans-
molecule.

At a short period, the torsion angle changes due to the interactwatef molecules
and turns quickly into dihedral angle. During the simulation time, tthes- molecule
conserve its configuration geometry, adopts the stiff form, and fotb&lsteric hindrance
effect between the two protong+and Hy.

We conclude that our simulation under AMBER field gives best mesthetrans-
xylomollin acquires the configuration energy. So, thes-molecule reaches its high stable
configuration state in solution environment under AMBER field. Our MDusation results
are good and in agreement with those of NMR data literature.
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