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The effects of structural parameters and intramuéec interactions on N-glycosidic bond length inm&thyl-2-
deoxyadenosine (3MDA) and 2'-deoxyadenosine (DAyewmvestigated employing quantum mechanical methodl
calculations were performed at B3LYP/6-311++G**déin/the gas phase. The N-glycosidic bond lengribngly depends on
sugar configuration; it is shorter in syn conforioatrelative to anti in many cases where they héng same sugar ring
configuration.The sugar conformation can influence-the N-glycasitbnd through interaction with the O4” atom. Tim@act of
intramolecular improper hydrogen bonds and H-H ladhteractions on N-glycosidic bond length wagdstigated in DA and
3MDA and their modeled structures. Improper hydrodends decrease N-glycosidic bond length while Héhding
interactions increase it.
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INTRODUCTION

methyl-2"-deoxyadenosine  (3MDA) in  human cells.
Methylated nucleotides and N-glycosidic bond clegvhave

Deoxyribonucleic acid (DNA) damage is very frequand
appears to be a fundamental problem for life [Lje Tleavage
of the N-glycosidic bond. in deoxynucleosides andi@osides
is a common reaction in DNA damage and repairtf&icity
mechanisms [3], and nucleobase salvage [4-6]. Degtion is
a process in which the purine base (adenine origegts
removed from the deoxyribose sugar by hydrolysisNef
glycosidic bond. Most damaged bases can be remawmed
replaced in a process that begins with a glycosyld&or
example, alkyl adenine DNA glycosidase (AAG)
responsible for recognizing and initiating the riep& a broad
range of alkylated purines (damaged badses)uding 3-
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is conformational

been studied by different authors from both theeexpental
[7-22] and theoretical [23-26] points of view.

The inherent flexibility of sugar introduces major
structural changes and causes important bearingthen
biological function in the naturally occurring naat acids
[27-29]. The two standard forms of right-handed DIdse
principally defined by the sugar geometry; partly north
(C(3)-endo) is a characteristic of A-DNA whereasuth
(C(2)-endo) is a characteristic of B-DNA [30]. The
properties of deoxyadenosine (DA)d an
3MDA have been studied by different researchers3&jL

In the present study, the impacts of conformafiona
changes, including sugar ring puckering and ami-sy
interconversion that lead to di#fier intramolecular
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interactions, on the N-glycosidic bond of 3MDA &b4 have
been investigated by quantum mechanical method® Th
correlation between electronic properties and tkgdydosidic
bond strength has been examined by means of ndiaral
orbital (NBO) and atoms in molecules (AIM) [36] dyses. A
comparison of the most stable conformation of 3Midh
that of DA may be useful for evaluating the role of
conformational changes in alkylated base recognibyp DNA
repair enzymes.

METHODS AND MODEL

DA and 3MDA can be modeled by replacing the sugar

phosphate backbone and 3"-hydroxyl group with tdrdgen X H (DA),c/—Halsz (3MDA); Y = CyDH; Z = OH
atoms (Scheme 1). One of the parameters definirg th 3 3\,_, 33 5 5 3
mononu<?lefot|de conformation is the dihedral andieua the model structures - Y = H: 2 = H
N-glycosidic bond between the sugar and baggdinocsin 4 3"
Scheme 1). The two possible orientations of thee bagh

. Base
respect to the sugar are termed Sy#h£1noce= 180) and anti
(poacinocs= 60) that are denotetand?2 in DA, 1" and2” in

D

model DA,m1 andm2 in 3MDA, andm1” andm2’.in. model V
3MDA conformations, respectively. Adenosine. can sexi a b c

either in syn (closed) or anti (open) form, and the Scheme 1. Atomic numbering of DA, 3MDA, and model
interconversion between these two conformatiorectseved structures and the twist conforsnafrsugar ring

by the pivot move around the N-glycosidic bond B8],
The sugar ring in adenosine may. exist in the ntype

(C(2")-exo and C(3')-endo) or’ south_type (C(2')@rahd Single point calculations were performed on geoiegtr
C(3)-ex0) [39,40].a and b are used for north and south gptimized at the above-mentioned level to investigthe
conformations, respectively, asds used for those that cannot dependence of the energy values on the level ofitzlon.

be specified bya or b.index (see Scheme 1). Likewise, the  The solvent effect was treated by way of a potdie
pseudo-rotation angle P is used to define the cordtional  continuum model (PCM) calculation using the intégra
distribution of the sugar ring [40,414 conformers comprise equation formalism model (IEFPCM) [44] as implenezhtn

all conformations that occupy the north half of ¢geudo-  Gaussian03 program package with a dielectric consté
rotational circle (P = 0 + 90°) anldl conformers occupy the 78.39 for HO.

southern half of the circle (p = 180 + 90°) [40]. The NBO and AIM analyses were performed on theewav

All geometries were optimized by the hybrid Haetfeock  functions obtained at 6-311++G** level of theory BBO3.1
density functional theory RB3LYP in conjunction ithe 6-  [45] and AIM2000 [46] programs.

311++G** basis set using Gaussian03 program package

Frequency analysis was also performed at the shemedtical RESULTS AND DISCUSSION

level. The absence of imaginary frequencies vetifieat all

structures were true minimahe higher-level B3LYP/AUG- The results are presented in two subsections: one
cc-pvDZ,  MPWPWO91/AUG-cc-pVDZ,  MPWPW91/6- sypsection corresponds to the 3MDA and DA (confdiona
311++G*,  MP2/AUG-cc-pVDZ, and MP2/6-311&+  gzre denoted amla mlb, mlc, m2a, andm2b for 3MDA and
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la, 1b, 2a, and2b for DA) and the other corresponds to the energies was almost independent of the method asid ket
model structures of 3MDA and DA (denotedrag’a, m1'b, (see Table 1). In discussing the relationship betwéhe
m1l°c, m2a, andm2’b for the model 3MDA and’a, 1'b, 2"a, relative energies and geometrical parameters, we the
and2’b for the model DA). Where elongation or contractionresults obtained at the B3LYP/6-311++G** level tieory.
of bonds due to the intramolecular interactioneigarted, the The order of the relative energies in the gas plhasanlc >
lengths of bonds are compared with those in thesires that m1'b > m2’b > m2°a> ml’aat all levels of theory and was

are free from that intramolecular interaction. nearly identical to the trend in the solution megre energy
values ofml’c andml’b are nearly identical in the solution).
Model SMDA As can be seen in Table 1, the range of the rel@nergies in

The relative energy kdecreased as the basis set changethe solution (0-2.16 kcal md) is shorter than the range of the
from 6-311++G** to AUG-cc-pVDZ. The maximum change relative energies in the gas phase (0-3.65 kcal')ndihe
was equal to 0.61 kcal mb((119%) form2'b. The change in dipole moments. calculated at the above-mentioneel lare
relative energy wasb% on changing the method from also (given in Table 1. The overall molecular pdiaris
B3LYP to MPWPWO91 that increases [#0% on changing expressed as.the dipole moment and species witigheerh
from B3LYP to MP2. In any case, the trendtire relative ( dipole moment become more stable in polar swé/eThus,

Table IThe Relative Energieds kcal mol* andthe Dipole Moments (D) in Debye

B3LYP MPWPW91 MP2 D
Model 3MDA
mla 0.00(0.00) 0.00 0.00 0.00 0.00 0.00 2.17
m2’a 2.44 (0.71) 2.00 2.43 193 2.54 217 5.00
ml'b 3.64(2.16) 3.32 3.76 3.40 3.90 371 2.65
m2°b 3.10 (1.58) 2.60 3.25 2.64 4.08 371 4.91
mlc 3.65(2.08) 3.23 3.76 3.35 3.86 362 254
Model DA
la 0.53(0.78) 0.54 1.01 0.68 1.14 0.80 3.72
2’a 0.05(0.11) 0.33 0.15 0.00 0.00 0.00 4.39
1’b 0.00 (0.20) 0.00 0.00 0.13 0.35 0.00 3.66
2’b 0.83(0.00) 1.05 1.19 0.91 1.83 178 5.37
3MDA
mla 1.10 1.30 1.21 1.43 0.00 0.16
m2a 1.92 181 2.00 1.82 2.33 2.13
mlb 2.35 2.28 2.60 2.68 2.16 2.04
m2b 0.00 0.00 0.00 0.00 0.32 0.00
mlc 2.35 2.28 2.60 2.68 2.16 2.04
DA
la 2.69 2.86 2.88 3.06 3.26 3.62
2a 5.83 6.18 6.02 6.35 6.18 7.58
1b 0.00 0.00 0.00 0.00 0.00 0.00
2b 5.77 5.85 6.08 6.20 6.16 7.29

The italicized values cé#ted with the AUG-cc-pVDZ basis set and otheadculated
with 6-311++G** basis s€he data in the parentheses calculated in solntiedia.
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the maximum difference between the relative energiethe The following is an account of how sugar conforiomt
solution media is lower than the gas phase aneésponds to affects the glycosidic bond. The results of NBOIgsia on
the conformer that has the maximum dipole momerdgaich the wave functions obtained at B3LYP/6-311++G**dbare
category. In the model 3MDA, the highest dipole neoitnand  given in Table 3. The order of occupancyotting is m2'a>
the largest difference between the relative energighéngas ml’a>m2’b>ml’b>ml’c, which is similar to the order of
phase and the solution media corresponeh26a. Apart from  the bond length. The N-glycosidic bond length iases as the
ocacinocgdihedral angle (see Scheme 1), there is a meaningfoccupation number of* g increases, therefore, the impact
relationship between the relative energy and sugaoflpgy — 0*cinginteraction that plays a significant role in the
conformation; conformatioa, is more stable tham whilec is occupation number of*cyng Decomes more clear. Thedp

in the highest energy level in the model 3MDA. Some- 0*cing interaction energy @ ranges from 1.70 to 13.22
geometrical parameters of different conformationse a kcal mol'.‘As can be seen in Table 3, the order Gh&lue is
presented in Table 2. In both gas phase and splotidia the m1’a>m2a>m2’b>mlb>ml'c The E? value depends
order of N-glycosidic bond length (C1"-N9)ri2a”>ml’a>  on sugar.conformation such that the trend in thatue is
m2’b > m1’b > ml'c. Thus, except foposcinocgdinedral  similar to the trend in N-glycosidic bond lengite, a >b > c.
angle, N-glycosidic bond length strongly dependssogar ( Thus, the ‘Qatom strongly influences the N-glycosidic bond
conformation. As a result, the longest and shortesids .through Igoy - 0*cing interaction upon conformational
correspond t@ andc conformations, respectively. changes.

Table 2Some Geometrical Parameters (in A) for the Moddl ldnnmodel Structures

3MDA

ml'a m2’'a m2°b: - m1l'b ml'c mla m2a m2b mlc
N9-C8 1.392 1,391  1.392 1.393 1.393 1.391 1.395 1.395 941.3
N9-C4 1.372 1.368 . 1.367 1.376 1.376 1.37 1.367 1.368 81.37
N9-C1’ 1.500 1509 1.498 1.476 1.471 1.498 1.502 1.478 691.4
(N9-C1)sq 1.499 1507 1.495 1.475 1.469
Cl1-04 1,403 1.392 1.399 1.406 1.407 1.404  1.399 1.411 101.4
c1-cz 1.532 1541 1541 1531 1.547 1.524 1535 1.534 3.5
C8-H6 1.077> 1.077 1.078 1.080 1.080 1.077 1.082 1.081 801.0
C2'-H2’ 1.089 1.091 1.093 1.093 1.091 1.089 1.090 1.089 901.0
C3-H32 1.088 1.090 1.090 1.086 1.085 1.088 1.090 1.090 841.0
DA

1la 2’a 2'b 1'b la 2a 2b 1b
N9-C8 1.384 1.382 1.382 1.383 1.383 1.384 1.385 1.384
N9-C4 1.386 1.380 1.378 1.385 1.383 1.379 1.382 1.382
N9-C1’ 1.461 1.482 1.470 1.467 1.467 1.466 1.45 1.457
(N9-C17)sq 1.462 1482 1.462 1.466
Cl-04 1.420 1.408 1.416 1.415 1412 1.422 1.431 1.418
cr-cz 1545 1532 1542 1.548 1.542 1.536 1535 1.534
C8-H6 1.081 1.078 1.078 1.081 1.081 1.080 1.080 1.081
C2'-H2 1.089 1.088 1.093 1.089 1.090 1.089 1.090 1.090
N3-H5 0977 0961 0.961 0.980
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Table 3The Ipo) —» 0*cing INteraction Energy ® in kcal mott and the Occupancy of
G*Cl-Ng(X102) Calculated by the NBO Method at the B3LYP/6-311&** Level

=2 ng* E@ no*
1b 11.43 6.49 1b 4.87 5.24
2’a 11.94 6.90 2a 8.76 6.09
1l'a 7.48 5.96 la 7.41 6.02
2’b 9.15 5.90 2b 1.49 4.99
ml'a 13.22 7.88 mla 13.63 7.98
m2’a 12.70 7.91 m2a 11.14 7.48
m2’b 10.29 6.92 m2b 6.27 5.88
m1'b 3.87 5.46 mlb 0.97 491
ml'c 1.70 4.98 mlc 0.97 491

The p and 0% values calculated by the AIM method at proton acceptor (Y) to the remote part of the pnadonor (Z-

intramolecular bond critical points (BCPs) are give Table
4. The C-H'H-C, C-H-O, N-C-H-C and C-<G-H-C
intramolecular interactions are observed <in < differe
conformations of model 3MDA (see Fig. 1 for two ityed
molecular graphs). TheandJ% values ¢alculated.at BCPs of
intramolecular interactions range from 5.406.0° to 16.978
x 10% au and 0.017 to 0.056 au, respectively.

In C-H-O interaction, @ is proton acceptor and the
nucleobase is proton donor. The contraction ofGhe bond
(by 0.002 to 0.005 A) and a.concomitant blue sfiift 37.56

to 54.85 crit; see Table 5).of the C-H stretching vibrational

frequency can be the:consequences of structunajaeization
resulting from the elongation of bonds in the resnpart of
the proton donor (see Table 2). The value of chaugyemall,
but due to the weakness of such intramolecularact®ns,
discussion about these changes is justifiable amrdirmed
experimentally in these systems [47]. The C-H skt
vibrational frequency in model 3MDA conformations i
compared with that when the sugar is replaced with H
atom. So, the C-HO interaction in the model 3MDA can be
categorized as an improper hydrogen bond. Hobzh 43
investigated the nature of improper
According to the Hobza report, improper blue shdti
hydrogen bonding of the type Z-X-H¥ is portrayed by a
two-step process. First, electron density is tramefl from the
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Xpart of the Z-X-H--Y system). The electron density increase
in the remote part of the proton donor leads toeflomgation

of bond(s) in the part of the system which in teeand step is
accompanied by a structural reorganization of theoles
proton donor. The net effect of this reorganizatiisn a
contraction of the X-H bond with a concomitant ie@se (blue
shift) in the X-H stretch frequency. The N-EI-C and C-
C--H-C interactions that are observed in anti confdroms
could be considered as electrostatic interactiogtsvéen C
and H atoms that possess disparate charges.

The N-glycosidic bond in anti conformations of tinedel
3MDA (1.498 and 1.509 A im2’b andm2"a) is longer than
syn M1b (1.476) andmila (1.500) A) when the sugar ring
configuration is kept constant. Moreover, the ©A31-C3
improper hydrogen bond is only observed in syn
configurations and the C4-Nsbnd (in remote part of proton
donor) in syn is longer than anti (by ~0.01 A). Qirthe C4-
N9 bond elongation is accompanied by the N-glydosidnd
contraction, the shorter glycosidic bond in syratigk to anti,
can partly be attributed to the O431-C3 improper
hydrogen bonds. On the other hand, the ‘N-zC and C-

hydrogen bondsC:-H-C electrostatic interactions do not have a sigaift

effect on the N-glycosidic bond length in anti comfations.
An HIIH intramolecular BCP is observed in the molecular
graph obtained from the AIM analysis for each ohenl'a,
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Table Zhe Values opgcp x10° and%pgcp (in au) Calculated at the BCPs of
Inmalecular Interactions

Pscp O*pece Pscp Opece

ml'a mlc
04'-H31 15.176 0.055 04'-H32 16.978 0.056
H2"-H6 11.047 0.046 H2'-H31 7.097 0.022
C1'-N9 234.506 -0.552 C1'-N9 249.119 -0.636
m2’a 1la
C2'H32 5.619 0.020 H2'-N3 7.564 0.028
H1"-C3 8.217 0.030 H3'-N3 10.035 0.030
C1°-N9 230.193 -0.531 - C1'-N9 258.205 -0.683
m2’b 1b
H2"-H32 5.406 0.017 H2-N3 9.943 0.033
H1"-C3 9.012 0.033" . H4"-N3 7.102 0.020
C1'-N9 235.690 -0.563 C1'-N9 254.890 -0.660
mlb 2'a
04'-H32 16.112 0.055 H2'-N3 7.953 0.026
H2"-H31 7.448 0.022 C1'-N9 248.306 -0.632
C1'-N9 246.098 -0.620 2'b

C1'-N9 254.748 -0.670

m2°b, m1’b andml1’c conformers. According to Tables 2 and

4, the N-glycosidic bond elongation is accompartgdthe
increases ipy..4 in the syn conformations.

Model DA

As seen in Table 1, the difference between thativel
energies of conformations is lower than that in thedel
3MDA. So, the trend in the energy values changétla as
the level changes. The most stable conformatioh'listhat

DA conformations in the gas phase and solution meainge
from 0.00 to 0.83 and 0.00 to 0.78 (in kcal Mptespectively.
The range changes slightly from the gas phaseetadhution
media. The 3MDA conformations are at a lower endegg!
in the solution media relative to the gas phase.

The results of NBO analysis at B3LYP/6-311++G*Véé
are displayed in Table 3. Thedp - O*cing interaction
energy B ranges from 7.48 to 11.94 kcal riidbr different
conformations of the model DA (see Table 3). Thaees of

changes t@ a at the MPWPW91/AUG-cc-pVDZ and MP2/6- E®, occupation number af*c1ne, and the N-glycosidic bond

311++G** levels of theory. Herein,
conformation isl’b at the B3LYP/6-311++G** level while it
isml’a in the model 3MDA. The relative energies of dab

the most stablelength in the gas phase aéa (11.94) >1'b (11.43) >2'b

(9.15) >1"a (7.48 kcal mal), 2'a (6.90)> 1'b (6.49)> 1'a
(5.96) > 2'b (5.90 e),and 2'a (1.482) >2'b (1.470)>1"b
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Fig. 1. The molecular graphs afl"b andm1b obtained from AIM analysis at the B3LYP/6-
311++G** level of theory.

(1.467)> 1'a (1.461 A), respectivelyln the solution media, more than the effect of sugar ring puckering. Thely¢osidic

the bond length il’b.(1.466 A).is slightly greater tha2ib  bond in the anti conformation is longer than sythwiie same
(1.462 A) (see Table 3). There are logical relationships sugar ring configuration.

between the N-glycosidic bond length, the occupatiomber The lengths of C-H bonds that interact with the &N8m

of 0*c1ne the E? value of IRoy - O*cung interaction, and the  are shorter than 1.090 A, but the lengths of othét bonds of
sugar ring configuration in the model 3MDA confotinas.  sugar ring are longer than that value in all comi@tions of
However, there is not a meaningful relationshipiMeein these the model DA. The contraction of C-H bond and
parameters in the model conformations of DA. The N-concomitant blue shift of the C-H stretching vilwatl

glycosidic bond length is not in logical relatiofstwith the  frequency are consequences of the structural rea@tEon

occupation number ob*cing, because the conformational resulting from the elongation of bonds in the reenpart of
changes that lead to differenidp— 0*cyinginteractions have the proton donor. The C-H stretching vibrationalginency is
an ambiguous impact on the N-glycosidic bond len@ihthe  compared with the corresponding value where tharstgg is
other hand, the effect of other parameters, suchotion replaced with an H atom. The results are in agre¢mih the
around the ¢@oscinece @ngle, that leads to different C-H---N intramolecular improper hydrogen bonds. tWhéhe
intramolecular interactions, on the N-glycosidimbdength is  effect of these interactions on the N-glycosithend length.
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Table 5.The Change of X-H Stretching Vibrational Frequeitcgm’™

Conformation AV Conformation AV
m1l a(C3H32) 37.56 m2a(G816) -60.77
m1 b(C3H32) 54.85 m2b(C316) -44.31
m1 c(C3H32) 53.08 m2b(C242") 11.27
la(O5-H5") -316.72 1"a(C2H2", C3-H3") 38.61
1'b(C2-H2") 31.85 1b(N3H2",05-H2%) 10.74
1'b(C4-H4") 43.12 1b(O5H5)) -384.89
2’a(C2-H2") 47.15 2a(C&i6) 12.96
2’b(C2-H2") 36.39 2a(C2H2") 6.59
m1lb(C3H32) 18.17 2b(C816) 13.64
mlc(C3H32) 19.93 2b(C2H2") 21.45

Av =V -V(in the absence of XHY hydrogen bond).

There is a meaningful relationship between the y¢agidic
bond length and the sum of C1-O4” and C1'-C2" Hendths
in all conformations. The improper hydrogen bonas affect
these bonds in the remote part of the proton dorwe.above
mentioned sum is higher and the length of N-glydiesbond
is shorter in the syn conformations relative to &hé because
of an extra intramolecular improper ‘hydrogen:bondthe
former. The longest C1-O4" and C1'-Cl2bnds and the
shortest N-glycosidic bond correspond @ with H2"--N3

The results of NBO analysis on the wave functions
obtained at B3LYP/6-311++G** level are given in Tal8.
The trend in the gy - 0*cynginteraction energy is similar to
the trend in the N-glycosidic bond length X b > c). This is
similar to the result obtained for the conformasioof the
model 3MDA. The Ipoy — o*cing interaction increases the
occupation number af*c1ng that can affect the N-glycosidic
bond length. Furthermore, the conformational chargely
influence the N-glycosidic bond through the intrdecolar

and H3"-N3 improper H-bonds, while the reverse is true forinteractions between base moiety and the O4" atom.

2’a without any improper H-bond. Similarly, the C2'-H2
bond is shorter than 1.090.A and the C1-0O4" ant-@2(
bonds in2°b are longer thal? a; thus, a shorter glycosidic
bond can be predicted. f@fb.

3MDA Conformations

Though the N-glycosidic bond length increases on
replacing the OH and OGHyroups by the H atom, identical
trends are observed for that before and after nmuglel/A
comparison of geometrical parameters of each cordtion in
3MDA with those optimized after replacing the OHIaZDCH;
with the H atom, which will be made below, will dom the

Energetic details for the 3MDA conformations areinfluence of intramolecular interactions on the Megsidic

presented in Table 1. Hereim2b is the most stable
conformer at all levels of theory with the exceptif MP2/6-
311++G**, The highest change in thdE value by changing
the basis set from 6-311++G** to AUG-cc-pVDZ copesds
to m2b (by 0.32 kcal mot).

Unlike the model 3MDA, no meaningful relationshiip
observed between the relative energies and
conformation
interactions that are observed in the presence-bé@ OCH
functional groups.

bond.

It can be observed from the AIM results that the-H
intramolecular interaction im1a is replaced by O5“N9
electrostaticinteraction in mla; The O5 and N9 atoms
possessnegative and positive charges, respectively. As
mentioned earlier, H---H intramolecular interactioare

sugaiccompanied by the N-glycosidic bond elongationjrsthe
in 3MDA because of new intramolecularabsence of this interaction the N-glycosidic bondnila (by

~0.002 A is shorter tham1 a.
In comparison withm1'b, an extra intramolecular
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hydrogen bond is observed between &% H32 inm1b that

is accompanied by C3'-H32 contraction and N9-Cgddion

(Table 2). The C3-H32 contraction comes along with
concomitant increase in C-H stretching vibratiofiabjuency
when compared witm1'b (18.17 cni). The N-glycosidic
bond inm1b is shorter than that im1'b (by ~0.007 A) that
could be attributed to the interaction in question.

Similarly, m1c possesses axtra intramolecular improper
hydrogen bond between O5" and H32 relativentbc. The
C3-H32 contraction (by 0.001 A), the blue shift @8 -H32
stretching vibrational frequency (by 19.93 tmand the N9-
C4elongation (by 0.002 A) (in remote part of protoondr)
are observed imlc relative tom1'c. The O5" atom is proton
acceptor and the nucleobase is proton donor. TheCAN9
elongation leads to the C1"-N9 contraction such the latter
bond inmic becomes shorter than thatniri'c (by=~0.002 A).

The C2°-H32 electrostatic interaction m2 a is replaced
by the O5-H6 interaction inm2a. The new interaction that
leads to the C8-H6 elongation (by 0.005 A) and mcomitant
decrease in C8-H6 stretching vibrational frequefiyy60.77

the basis set changes from 6-311++G** to AUG-cc-@vVD
The maximum change is equal to 1.44 kcal @R2.7%) for
2a. The relative energy changeB3% as the method changes
from B3LYP to MP2 for2b, which is the greatest variation
upon changing the method. The trend in the relativergies
of conformers in DA islb > 1a > 2b > 2a that is different
from that in the model DA. The most stable confdiorain
DA is 1b while inm3MDA is m2b. The conformational
difference in the most stable conformations of D 8MDA
can be one of the most important parameters inaly base
recognition by DNA repair enzymes.

The-order of occupation number@fcingis 2a>1a>1b
> 2b/that is'similar to the order of % for Ipo) — o*cing
interaction. The increase in the occupation nunaber* ;ng
leads to therincrease in the N-glycosidic bond tlend his
observation confirms that the O4-.-nucleobaseradatien,
which depends on sugar conformation, can affect Nhe
glycosidic bond length. Other intramolecular intdi@ns can
also affect the N-glycosidic bond length as alremeytioned.

The comparison of each conformation in DA withttha

cm?) relative tom2a is categorized as a regular hydrogenthe model DA confirms our previous results. The +H%3
bond. The O5H6 hydrogen bond is accompanied. by animproper hydrogen bond ift"a is replaced by the H5N3

increase in the C8-N9 bond length (0.004 A) thatigeto the
C1'-N9 bond contraction (0.007 A) m2aelative tom2 a.
This explains why the N-glycosidic bond length mRa is
shorter than that im2”a (by 0.007 A).

The H-H interaction inm2’b is'replaced by the O5H6
and O5:-H2 interactions inm2h. The C8-H6 elongation in
m2b (by 0.003 A in comparison witin2°a) confirms that the

hydrogen bond ila. This hydrogen bond is accompanied by
the elongation of O5'H5" bond and red shift in its stretching
vibrational frequency (316.72 ¢th Thus, in the absence of
H2'-N3 improper hydrogen bond, the O4’-C1” and C2’-C1l’
bonds become shorter and the N-glycosidic bond rheso
longer (by=0.006 A, in comparison with'a).

The H2°-N3 and H4‘-N3 improper hydrogen bonds are

O5"--H6 interaction is a regular hydrogen bond that isobserved in the AIM results df'b, while the H2"-N3 and
accompanied with theN9-C8 elongation (0.003 A) and O5-H2" improper hydrogenbonds and the H5N3
concomitant decrease in the C8-H6 stretching \ibmai  conventional hydrogemonds are observed irb. The changes
frequency (by 44.31 ci). The O5:-H2  interaction could be in the stretching frequencies of proton donors erielences
considered as an improper hydrogen bond that caus#&sr these interactions (see Table 5). The C2"-Hidbin1b is
contraction in the C2-H2" bond (by 0.004 A), blekift longer than1’b, whereas the O4-C1’, C2-C1’, and N-
(11.27 cmf) in the stretching vibrational frequency, and glycosidic bonds irib are shorter thah'b (by=0.009 A). The
expansion in the O4’-C1” and C2°-C1" bonds relatva2’b. special triangular interaction @b probably does not allow the
The N-glycosidic bond length im2b is shorter tham2’b (by ~ N-glycosidic bond elongation (see Fig. 2).

~0.020 A) that can be accounted for by the absefdé: ¢ The O5°-H6 interaction is observed in the AIM results of
interaction and the presence of O&6 and O5-H2"  2athat is accompanied by the C8-N9 elongation (0.892
interactions. this interaction is not observed Ma. Although the H2"-N3
improper hydrogen bond cannot be seen in the Alddlts of
2a, the contraction of C2"-H2" (0.001 A) and the gation of
04'-C1” (0.014 A) and C2°-C1” (0.004 A) aresetved for

DA Conformations
As can be seen in Table 1, the energy valuesedse as
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1b
Fig 2. The molecular graph of 1b obtained from AIM analys
at the B3LYP/6-311++G** |level of theory.

that. In addition, an increase in the C2'-H2/  sfgtg
vibrational frequency (6.59 chy is observed in.comparison
with 1la. Thus, the O5*H6 and H2:-N3interactions decrease
the N-glycosidic bond length becauseof the C8-08’-C1°
and C2°-C1 elongation. The N-glycosidic bond lénigt2a is
shorter thar'a (by=0.016 A).

The O57-H6 H-bond and the O5H2" improper H-bond
are observed in the AIM results®. The contraction of C2"-
H2" (0.003 A), and the elongation of C8-N9 (0.003 ahd
04’-C1” (0.015 A) are in agreement with those enttons.
The blue shift is also.observed in the stretchifigational
frequency of C2"-H2" (21.45 ¢h. Both interactions contract
the N-glycosidic bond such that its length 2b becomes
shorter thar2’b (by =0.020 A).

CONCLUSIONS

In the present study, the impacts of conformafliona
ring puckering and amii-sy[10]

changes, including sugar
interconversion, on the N-glycosidic bond of 3MDAdaDA
were investigated by thab initio calculation and by NBO and
AIM analyses. The order of the relative energieghie gas
phase was nearly identical to the trend in thetgmiumedia.
The most stable conformation in the model DA wdidferent

from that in the model 3MDA. This can be used taleate
the role of conformational changes in the alkylateake
recognition by DNA repair enzymes. The N-glycosidiend
length in the syn conformations was shorter thati for
3MDA, the model 3MDA, and the model DA. The
conformational changes can influence that bond utno
interaction with the O4" atom. The G and C-HID
intramolecular interactions were observed for dédfe
conformationswhere all the C-H---N interactionsildobe
categorized as the improper hydrogen bonds. Theoipep
hydrogen ‘bonds were‘accompanied with the enlargewien
the other two bonds in the remote part of protonadpthe N-
glycosidic-bond contraction was observed when #maote
part included one of the C1°-O4", C1'-C2", N9-C8\&-C4
bonds. On the other hand, the H---H interactioad te the
elongation of N-glycosidic bond.
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