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ABSTRACT
[n this theuretical study, we focus vo a kind of dammarane sapugenins. This molecule optimized in vartnus
sofvenl media such as heptan, carhontetrachlonde, toluene, tetrahydrofurane, dichinroethane, etbanol, methanc],
dimethylsulfoxide and water using the self-consistent reaction field model. This process depends on either the
reaction polential functing of the snlvent or charge transfer operators that appear 10 solute-sotvent interactinn,
We performed nonempirical quanmm-mechanical calculannns at the HF/3-21G, 631G , 6-31G* 6-310** and
BILYP/6-31(** leveis of theory in the gas phase and some solvents at 298K We studied ahout energy ,dipnle

moment charge and 5o on,
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INTRODUCTION

Dammarane sapogeawns are a group of compouads
fouad 1a plants, especially in aralixccous plants. The
dammarane sapogenins hackhome is a tetracyclic
terpene of the dammarane series. While plants {such as
ginscng) coataining those compounds have heen
extensively used for medicinal use 1a China and other
Asian countrics for thousands of years, extracts dn ol
shown sigmiicant cancer killing activity. Dammarane
sapogenins arc series of compounds derdved fimm
natural plants including ginseng, and produced through
aa advanced chemical technology. Ginseng, the root of
Panax Ginseng, has heen considercd as aa important
componeat of traditionat presenption in Korea and
China. It exhihits central oervous system-depressant
and antipsvehotie activity, prutection of stress uleer,
merease of pastrointestinal motility and weak anhi-
wflammatory action [1-4].
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Gmnseng saponins (dammaranc sapomins, also
called “ginsenosides”, which are eftective
ingredients that erganically exist n panax ginseng,
panax quinguctol, panax notoginseng and other
species in the ginseng famuly) and sapogenins
(those that do aot naturally exist in the gnseng
plant or other species in the ginseag family and can
he derived only through chemical structure
modification by cleavage andfor semi-synthesis of
dammarane saponins), as natural-source oot
compounds, have been hroadly researched for their
antt-canecr chaructenstics. Some of them have
been reported to have anb-cancer cffects, of which,
for exampie, ginsenoside [3-O-f-D-glucopyranosy
1-20(s)-prodtopanaxadiol] bas been reponed for its
anti-caacer activities, in¢luding indection of
differenuation aad apoptosis in canecr cells,
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inhibition of the growth of human ovanan cancer
in nude mice atter oral administration, and the
ohility to inhibit the multiplication of multi-drug
resistance (MDR} cancer cells while used with
other chemotherapy drugs in vitro. Ginscnoside
Regl [3 -0 - [f - D — glucopyranosyl (1,23 — [
D- glucopyranosyl]-20(s)- protopanaxadicl] has
been reported to inhibit the invasion by vanous
cancer cells  and suppress the proliferation of
buman prostate cancer cells in vitro, and to
inlubat lung metastasis m mice and peritoneal
metastasis m rats(5,6].

Some kinds of dammarane sapogonins arc:

| PAM-20, PBM-110 and PBM-100 (the
32
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2
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COMPUTATIONAL METHOD

The calculahions were carried out at the diffcrent
levels of theory using the methods, namely, the
Hartree-Fock (IIF) [7] as an  electron
uncomrclated method, aad the Becke's three-
parameter hybrid functional combined with
gradient corrected functional of Lee, Yang and
Parr (B3LYT) [&].

A thearetical analysis at the HF /3-21, 6-
31G,6-31G* | 6-31G** and BILYP/6-31G*+*
levels of theory was performed to characterize
all the stationary points of the potential energy
| surface as mnimma and obtain thermodynamic
| corrections. The mentioned hasis sets have

been chosen based on the difference between
‘ the number of primitives m mimmal ones,
spliting m valence layer and the number of

primitives in core and walence layer. Solvent
‘ effects were modeled by the Onsager method

174

ool
dammarane zapogenin structure in these three

sapogenins is specifically clean of any migar
moieties (glycons) at any position and a hydroxyl
at C-20) and PAN-20 and PAN-30 (the
dammarane sapogenin structute  has  sugar
maoieties {glycons) but 15 free of hydroxyl at C-
203, obtained by chemical cleavage of
dammarane saponins. This study relfates to a type
of sapogenins, its use in anti-cancer appheations,
PAM-120 (the dammarane sapogenin structure in
this sapogenin is specifically clean of any sugar
moieties (glycons) at any positiaa) with
molecular formula CypHsQ:  and molecular
weight 442,723 gmol. S

20 19 18 lni

Fig.1.The structure formula of PAM 120, j
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as implemented n the Gﬁ;_ISSLﬁN 98
program [9]. We optimized the geometries of
the PAMI120 in varous solvents usmyg the
Onsager model at the Hartree-Fock and
B3LYP levels of theory and ‘campared cur
results with those obtained for the gas phase.
PAM 120 was studied in the gas phase (e= 1)
and various solvent media and diglectne
constants: water (g=78.39), diqiléﬂlyisu]fuxida
(==46.73, methanol (g=32.63), ethanol
(e=24.55), dichloroethane (¢ = [lﬂ,36),
tetrahydrofurane (=893}, toluene (e=2.379),
carbontetrachloride  (6=2.225) and ~heptan

(£=1.92) at 298K, |i! | |

ool
THEORETICAL BACKGROUNDS
The use af the SCRF modeél in quantum-
chemical theory requires that the shape and

f
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volume of the solute molecule be defined
uniquely for any set of compounds,

A number of approaches to calculating
these characteristics are known, hut no
annempitical methods for their estimation
have been developed. However, it can be
concluded from the results of model
calculations that the stmple mode! assurning
a spberical or an ellipsoidal shape of the
cavity for the solute molecule is likely
satisfactory for comparatively smafl and
rigid molecules. Therefore, this method was
sefected in our calculations [10, 11].

The Ounsager-SCRF code elahorated by

Wiberg and co-workers [12, 13] for the
(raussian computational code has been fairly
papolar in the past yeara.
The Onsager model descrihes the system as a
molecule with a multipnle moment inside a
spherical cavity surrounded by a continuous
drelectric. (n some programs, only the dipole
moment 18 used, and calculations therefore
fail for molecules with zero dipole moment,
The resnlts obtained using the Onsager
model and HF calculations are as a nule
qualitatively correct.

Accuracy increases significantly with the
use of MP2 or hybrid DFT functions. This is
not the most accurate method available, but
it is stable and fast. This makes the Onsager
model an attractive altemative when PCM
calculations fail [14]. The Onsager-SCRF
code elahorated by Wiberg and co-workers
(12, 13] for the Gaussian computational code
has hcen fairly popular in the past years, The
Onsager model 15 an attractive altemativc
when PCM calculations fail [14].
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RESULTS AND DISCUSSION

PAM 120 was studied in the gas phase (e= 1)
and various solvent media with dielectric
constants of water (£=78.39), dimethylsulfoxide
(&8 = 46.7), methannl (e = 32.63), ethanol
(e=24.55), dichlnroethane {e 10.36),
tetrahydrofurane (£=8.93), toluene (e=2.379),
carbontetrachloride (e = 2.225) and heptan
(£=1.92) 5t 298K

First, the molecule was fully optimized
by tbe HF and DFT (B3LYP) methods using
the 3-21G, 6-31G,6-31G* and 6-3 1G®* basis
sets to obtain minima of the potential energy
surface.

The influence of the solvent on the relative
stability of PAM 120 was studied hy means of
the Onsager approach. The resuls listed in
Table 1.Tahle) and figure2 reveal that, as the
dielectric constant increases in passing from
the vacuum to heptan, carbontetrachluride,
toluene, tetrahydrofurane, dichloroethanc,
ethanol, methanol, dimethylsulfoxide and
water, the dipole moment of each solvent
mcreases when different quantum-mechanical
tevels arc used.

The dipole of a molecule induces a
dipole m the medium, and the electric field
of the solvent dipole in turn interacts with
the molecular dipole, leading to overall
stabilization,

The effect of solvents on the stabilization
of the PAM 120 is ot interest; it plays a wajor
role m its activities. The standard Qopsager
approach (the SCRF method) to PAM120
with different basis scts, as is used here,
appears to be a good first step in theoretical
mvestigations of solvent cffects.
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Tabie 1. Enerzy (kealimal) and dipole moment {Debye) of PAM 120 ohtained in vantous solvent miedia
Solvent Method Enerey (keal/mob Dnpole mm:n:nt. |

Basis set

(dizlectne constot)

{Dchrye)

Water
(78,3

HF

DFT (B3LYP)

3-2145
315
6-31G*
[k ] LEb
631G+

ST7I609.21
-T53373.0613
-733679 35859
-TH3729 3197
-R14392 5158

39258
45138
3.3
3.6269
1.6995

Dimethylselfoxide
(46.8)

HF

DET (BILYP)

321G

631G
g-31G*
G310
=31G**

STT208.2041
ST33375.0538
-753679.3813
-753729.31351
-§14392.3251

kR [
45048
3.6239
3.6181
6906

Methanol
(3263}

HF

DFT (B3LYF}

321G

631 G

=315
310G
631 G

S77 20051949
-F33373.0484
ST53RTY3767
=753729.3205
-5143492,5035

39875
44524
16132
3 GEED
J6E14

Ethanol
(24 55}

HF

DFT (RILYT)

316G
314G
G- G*
G-I G**
3l G

-TT2009 11924
1533730378
-753679.3721
ST5RN20 351
-X14390.581

38074

44802

3.6058 .
3.9990

16714

"DiChloroEthan
{18.36)

HF

DFT (B3LYEM)

214G
631G
631G
6-31 G
3G

SIT200R.1599
-T333719948
=TE3678.3457
=753720.2415
-8 143524727

1340
44135
3 5562
14575
36187

TetraHydroFuranc
(7583

HF

DFT (BALYP)

2la

6310

G315
G315
631G

7728891404
STE3372 960
ST53670.3303
-753729 2815

-314392 4561

38124
43740
15268
3.5332
33873

ChloroBonzene
{5631}

HF

DFT (B3LYR)

311G

6-31G
=315*
G-31+*
G310

~T72009.1168
~T53372.9574
-T536793114
-753729.2529
- 14392 4358

37735
431255
34907
34781
31,5492

Ether
(4.335)

HF

DFT{B3LYF)

321G
631G
6-315"
g-31G*
f=3 1%

-7 720090008
~753372.9036
~T53679.2913
-TE3TI02323
-814392 41306

37318
41736
34519
34374
‘35081

Tohene
(2379

HF

DFT (BILYF)

3216
=315
631G
6-310G**
G315

STT G117
-TRAFTR 999
-753679, 1182
-T53729.1681
-814392.344

3.6029
4.1340
3332
133123
3.3815

CarbnnTetrachlonde
(228}

IIF

DFT (B3LYF}

321G

631G
&-315*
G-l
3G

=T72009 (KH G
-7R3372. 1867
-153eTe.202
ST53T29.1595

35860
40911
3.3166
32959

Heptan
(191

HF

DFT {(BILYP}

3-31G

631G

631G
-2
6-315*

STTA008.9769

73372754

~753479 2002
-FRFTR 14

35435
£ 40433

32791

32567

{ias phasc
{n

HF

DET (B3LYM

321G

6-310

=315*
G310+
f-315%*

Pl Em
-153574.2519
-733675.1353
=F53T0.03T0
-814352 2088

3.3101
3.7553
3.1312
30593
3.1253
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As the dielectric constant increases in
passing from the vacuum to water there is
not any changes m different angels of PAM
120. For example in table? wc have listed
angel of atoms 18-19-20 (see figurel) versus
drelectnc coastant.

More dielectric constant, more negative
charge in O3] and 032 and positive charge
in C2 and Ci4. Se with increase dielectnc
constant oxygens became mere nucleophyl
and carbons became more electrophyie.

The dipole of a molecnle mduces a
dipole m the medium, and the electric field
of the snlvent dipole n turn interacts with
the molecular dipele, leading to overall
stabilization. We have listed these values in
table 3 .In figure 3 the charge of 032 was
plotted versus diclectric constants.

CONCLUSION

The results of the quantum-chermeal modeling of
PAM!20 with Onsager reactinn field caleulations

Iy

¥
!

were obtained usipg the polarizable dielectric
modcl. 3 |

All systems were optimized by the Hartree—
Fock, and B3LYP methods, In all cases, the
steady state naturc (minimum of the potential
encrey surface) of the pptimized eomplexes has
heen confirmed through the mvestigation of
theoretical levels. Wc ean conclude that, for the
systern  studied in this work, | the density
functivnal calculation gives similar or even hetier
results than ah mitin methed. .

The influenee of the dicleetric ennstant on
the standard geomewy of PAMiI20 m selution
are smatler than m the pas phase, because
mteractinns in selution are stronger than in the
gas phase. More diclectnc cnnstant,’ mare
negative charge in 031 and O32 and positive
charge in C2 and C14. So with increase dielectric
copstant oxygen became more nuelenpbvl and
eathons heeame more electrophyle.

The dipole of a molecule mnduces a dipele in
the mediwm, and the electric field of the solvent
dipole in furn interacts with the motecular dipote,

icading to overall stabitization.  I;
||I tHi

il 1
Table. Angle ot atoms13-19-20 versus diclecirie constant ' l’[
Basis set ||'
nol
. ; HE/3-21G HF/631G  HF/%-31G** HE/§-31 G+ BiLYP/A-31G**
Dielectric
constant
1 117.314 117314 117.314 117.514 1948 ¢
1.92 117314 117314 117.314 117314 lllg.lS |
2.228 117.514 117314 117.314 117.314 11918
1379 117.214 1§17.314 117 314 117.314 119.18
4335 117.314 117314 117.314 117.314 3 119 18
5.621 117.314 117314 117314 117.314 [ A3 A kS J
7.58 117.314 117314 1734 117.314 119.18 |
1036 117.314 117314 117314 117.314 11918
2455 117314 117314 117.314 117314 1918 |
3263 117314 117314 §17.314 117314 11918
468 117,314 17314 t17.314 L17.314 11918
78139 117314 1M7.314 117314 157314

119.18 4
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Table 3. The effects of dielectnc constans and basis sets on charges of some atoms

Solvenr . Charge of Charge of
(dielectric constant) Methed Basis set  Chargs of 031 01 Ca Charge of 014
171G -0 T ES S 037065 0186229 0.1 15506
HE 631G 0.761176 G TRGOTE  0.1947R0 0.150316
Water 6-11G* 0767376 -0 TTRRET 0.199831 0171528
{7239 6-31G** -0.669556 DETIA D 2585TS 0.2223%5
OFTib3lyp)  &31G* 0.56t619 0568778 0.192762 0.1621%8
321G 0701520 707059 (l&RI31 0118506
, ] HF 631G 0761125 GTEH03E (104782 0150313
Dimethylsuifoxide 6-31G* 0.767344 O7TRRE3 0 {99835 ¢ 171530
{46.5) £-31G* 0669522 GETI0 025ESTO (.222386
DFTibilyy)  6-31G** 0561558 0568746 0.192768 ¢ 182190
120G 701783 0707011 0186213 0 1 1R50G
HF 6-3G 0761071 0765999 0194784 0150311
Mcthanol G-31Gr 0.767309 ), TTRRIR 0.199%39 Gi7E53
(32.63) 631G 0669485 .673093 0258583 0.272387
DFT(b3yp)  6-31G** - 5614545 -D368TIZ (L192774 0.t82191
331G -0.70H 744 0706981 0.156236 0118507
Ethanol HF 631G -0.76103 DTE59%  [.1947%6 0. tS0308
(24.55) 6-31G* -0.767272 0778811 (,199%44 0.171533
' 6-310%* -0.669457 673065  (.258587 (.22 2388
DFT{b3ypl  6-31G** -0.561520 DHRET 0192781 0182192
3216 0701535 0706525  .136249 118508
6-31G -0 760710 0.765731 0.194798 £.150294
Dmhﬁ:}ﬂ?ﬂhm HE 3G 076076 0.77RGGEG 8.199868 017154}
.36) 6-31G%* D GERRDS 067264 0258645 {.222404
DFT{b3yp) 631G+ 0 561533 -0.5684R6  0.192818 0.182200
G O THAT] 0706732 0186257 0.118509
6-31G -1 760530 0765598 0.194%05 {.150286
TewrallydroFurane HF 6-31G* D TR0 OTTESRL 0199882 0171546
(7.58) 631G 0.669130 DETRTR 0258614 0.272795
DFT{b3lvp)  6-31G** .561223 568373 0.197840 0.182204
371G .0.701259 0T066TR 1186266 3118310
631G -0.7603 10 1765435 (1194813 3.150276
Ch'f;"ﬁg‘:';“" HF 631G DTEER1R OTTRATE 0199899 4171553
. 6-31G** 0668975 OETTT2 0.258637 0,222402
DFT{b3iyp)  6-31G* 0561087 -0.568234 0197866 182209
321G 0. 701096 0706496 0186276 0118512
Ether HE 636G 0. 760074 DT6SI60 0194822 0150265
(4335) b-31G* 0 T6RES 0778363 (LI999LR 0171559
' 6-31G* 0 GERRTT 0672607 0258653 0.222406
DFTb3lvp)  6-31(%e -0 253096 0264522 0.197804 0182215
391G 0700592 0706118 0186306 0.1185t7
Tolucae aF 631G -5.75934% 0764721 (.194848 0.150234
2,579 6310+ -0.766193 DTTRHS  0.199975 0 17i58i
. 631034 0568529 DET5] D23RTO4 {.222471
DFT{b3lyp) 631 G** 0560491 0367626 1 192982 0.182234
121G ~0.78B%36 0. 706069 U 18631 0118518
X 6-31G 0,759253 -0.76465] 0 194851 0150229
Cﬂrb”““““;“"’“d& HF 6-31G* 0766131 0.773969 0 199952 0171584
k2.228) 631G DHER26S 067205 025870 (,222423
DFT(b3bp}  6-31G**
321G 0. 700368 0705950 018632 0.118519
H HF 631G 0759026 0764483 0194859 150220
{]“13;2";‘ E310% 0. 765953 £, 777560 0. 2064000 0.171500
. 6-31G** ALEEST12 672004 258726 0,222427
DFT{b3iyp)  6-31G*
121G -0.6R6156 TEIIESE  (Li6d10S 0103043
i 631G 0773223 0779500 199135 0 157077
Cias phasc HF 631G 0.765551 78324 0.200802 (.172162
(1 6-31G** 0667343 671533 (258504 {} 22245)
OFT{b3iyp)  6-31Ci%" -.559579 -0.566696  B.193157 0182271
179
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B3LYP/6-31G**
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Fig.3. Charge of 032 versus dielectric constant in PAM 120 1) BILYP:6-31G**, 2) HF/6-316%* 3 ) HEF/6-

310 4y HF/G-31G, 5)HEAG-214G.
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