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Intramolecular hydrogen bonds and structural
nonrigidity of pyrimidine nucleosides

Yanina R. Mishchuk, Pmytro M. Hovorun

tnstitute of Molecular Biology and Genetics of Ukrainian National Academy of Scicnces

150 vul. Zaboloinohe, 252143 Kyiv, Ukraine

Optimal structures and intramolecular web of H-bonds of eviiding, uridine, thymidine, their deoxyribo-
analogues and some O5'-, O3 -deviero derivatives were studied by meuns of MNIDO/H semicmpirica!
gquantum-chemical method. Effeci of the intramolecular H-bomds on the stercochemical siructure of
nucleosides ( particuiarly, on the stabilization of anti conformation), on the pitysico-chemical characteristios
of nucleoside molecules (heat of formation, dipole moment, first adiabatic jonization potential and the
chuarge distribution), and on the dynamical characteristics of pyrimidine mucteosides { barriers of the
Inferconvertion, frequencies of the torsional vibrations) was elicidated. The imtramolecswdar H-bonds in
polynucleotides and their influence on The nucleie acid architeciure and nonlinear dyiamic propertics wre

discussed.

Introduction. Nuclcoside molecules exhibit many pos-
sibilitics as model objects for biophysical inves-
tigattons [1 ] The structure of isolated nucleoside
motccule 15 complicated and nonrigid |2, 3} Pyri-
midine nucleosides have in particular a higher barrier
of rotation around glycoside bond as purine oncs,
While il is possible for pyrimidines to adopt the syn
conformations, i1 is stecically difficull and rarely
obscrved in nature (see [4—01 and references there)
and lcads to the preferring of anti-conformation of
sugar. The optimal conformation of pyrimidine nuc-
feoside is determined by the dipole-dipole inter-
actions. torsion rigidity of glycoside CI'N1 bond and
steric hindrances. But therc are additional inter-
actions between the kasc residue and the sugar
moicly contributing in stabilization of the nucleoside
motecule in ceriain conformation.

Effect of such interactions was found in some
cases. For example, Emarson and Sundaralingam (7 |
in their study of dihydrouridine 3’ -monophosphate
hemihvdrate peinicd out that puckering of the basc
could influcnce the ribose puckering due to inter-
aclions of the CO0 methylene proton with the ribose
Van Licr, Smits and Buck [4] in quantum-chemical
study of tetrahydrofuryl-1-(3-methyleytosine) explain
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its unusually high anfi-syn transition bareicr in lerms
of an electronic effcet of the para-substituted methyl
group on the and C2° methylene fragment through the
carbonyl C2 group.

Moreover, the hydrogen bonds (H-bonds) n-
volving atoms of the base residue and the sugar
moiely were supposcd in several studies, sach as
NMR investigations of mononucleotides [8]
(02'H...02), crystallographic refinement of {IRNA [9]
(O2'H...02, C6H...05). refinement of cytidine
crystal structure |10 (CoH...05, PM3 |1 ] and
CNDQ/2 [12] semiempirical quantum chemical calcu-
lations (COH...035"). Ts’c [13] in NMR investigation
of poly (1) also assumed the contribution of hydrogen
bonding in intcractions of C6H proton with the
nearby ribose oxygen.

The possibility of participation of CH groups
H-bonds in nucleic acid constilucatls was supporicd
by the experimental |14, 15] and theoretical 112, 10]
investigations, [t also is known that the existence of
C-H...0 H-bond interactions in the nucleic acid
polymers have a strong influence on their molecular
structure |12, 16

The present siudy was underiaken lo clucidaie
by mcans of MNDO/H scemicmpirical quanium-che-
mical calculation method, what kinds of intramo-
lccular H-bonds are in pyrimidine nucleosides and
what is the influence of these H-bonds on the
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parameters of structural nonrigidity and dynamics of
the nucleosides

Miethods, MNDO/H semicmpirical quantum-che-
mical calculation method was shown to be useful for
the investigation of the stereochemical nonrigidity of
nuclectide bases |17] and in calculation of the
parameters of hydregen bonds [18]. 1t slightly un-
derestimates the values of geometric and encrgetical
characteristics of nucleotide base nonplanarily effects
(1], allowing "o consider more precisely many of
phenomena naving been carlier neglecting.

The structure, TR specira and some physico-
cherical propertics of pyrimidine nucleosides were
calculated with full optimization of all geometric
paramcters with the gradient norm < 0.0, Stariing
geomedries were oblained by the composition of fully
optimized structures of components: nucleotide bases
[19] and ribose (deoxyribose) molecules. Optimi-
zation of the structures of all pyrimidine pucleosides

were started  from  gnii-conformation of the sugar

moiety with respect 10 base residuc. Intramolecular
H-bond enthalpics were obiained by comparing of two
differemi hears of formation of the nucleoside mofe-
cule which woere calcubated in cases  «withs  and
«without» intramolecular H-bonds. For more details
of calculatrons see [17, 19].

Results and Discussion. The resulting  lowes:
energy structures of calculated pyrimidine nuclcosides
cytidine (Cydy, uridine (Urdy, thymidine (Thd) and
their deoxyribo-analogues (dCyd, dUrd, dThd res-
pectively) are shown in Figure. All the pyrimiding
nucleoside sugar moiclics arc in anti-conformatior
with respect to the basce residues and in gauche-
gauche conformation arcund C4'-C35' bond. This is in
accordance witn the pesults of previous molecular
modcelling 151, so as semiempirical guantum-chemica
MNDO (4] and CNDO/2 [12] calculations in whick
the preferenes of this conformation for pyrimiding
nuclcosides was shown. In Figure, calculated values of
the » (G4 CI'NIC2 dihedral angicy, which charac-
terizes the wei-conformation, are exhibited. As one
can see, ¢ 88 somewhat higher in ribonucleosides than
in deaxyvribonucleosides. Besides, in cytidine nuc-
leosides ¢ values are obviously higher than in uridine
and thvmdine ones.

In the siructures shown in the Figure the cal-
culated iniramolecular H-bonds are presented forming
the special web around the each nucleoside molecuie
We have found three common types of intramolecular
H-bonds in pyrimidine nucleosides: H-bonds in-
volving atoms of the basc residuc and the sugar
moiety, H-bonds between the base fragment atoms
and H-bonds between the furanose ring atoms. The
geomelnic and energeticel parameters of the calculated
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intramolccular H-bonds are presentied in Table 1. For
comparison, the intramolecular H-bonds of the dif-
ferent organic compounds have energies
2+ 10 kcal/mol [20]. It must be noted that all intra-
molecular H-bonds, except N4H'...N3 <(here and
below -~ H' is the proton of <=CNI, fragment ot the
Cyt base residue involved in the NH..O inter-
molecular H-bond vpon Gua:Cyt Watson-Crick base
pairing and H'' is the another aminoprotow) (n Cyd
and dCyd) and C6H...05', are considered in isolated
pyrimidince nucleosides for the first time.

The bifurcated intramolecular H-bonds in organic
chemistry are known to be muotually atffected {20, 21 L
In nucleosides, the web of the intramolecular H-
bonds include not only bifurcated, but also thce
H-bonds which are competitors in formation of nuc-
lgoside conformation (for example, H-bonds with
CO6H and C2=02 groups) (Figure). This is becausc
they demonstrate pronounced cooperative effeci: ali
H-bonds are mulually weakened by 0.29, 0.60 and
0.80 kcal/mol for Cyd, Urd and Thd respectively.
and ihesc values are much higher for dCvyd, dUrd and
dThd: 1.10, 2.10 and 2.16 kcal/mol respectively.
Resulting enthalpy of all intramolccubar H-bonds arc
18.07 and 14.32 kcal/mol for Cyd and dCyd. 19.21
and 15.64 kcal/mol for Urd and dUrd, 18.97 and
15.41 kcal/mol for Thd and dThd.

Our resulls exhibit the influcnce of the intra-
molecular H-bonds on the physico-chemicatl charac-
teristics of the nucleosides: heat of formation, dipole
moment, first adiabatic jonization potential and the
fundamental vibration frequencies - some of thesc
parameters arc shown in Tabie 2.

The data presented in Table 3 demonstrate the
most prominent structural peculiaritics of the nuc-
leesides and the effect of the intramolecular H-bonds
on the conformation and mutual orientation of their
structural fragments.

Intramoleculur H-bondys betwecn the base residuc
and the sugar moiety and nonrigidity of the pyrimidine
nucleoside. ClVH..02=C2 intramolecular
H-b o n d. Earlier attention have not been put on the
role of CI'H group in the hydrogen bonding between
base residue and sugar moieties in nucleosides. There
were assumptions about the participation of C2=02 in
the H-bond but they were concerned with O2°H group
in pyrimiding nuclcosides (4, §, 9.

Recently we studicd the effect of N1 methylation
of pyrimidine nucleotide bases on their siructural
nonrigidity |221. There the intramolecular H-bond
between C2=02 and CIH of mcthyl group have been
found (in agreement with further wb initio inves-
tigations [23]) which serve us as the model for the
C1'H...02=C2 interaction in nucleosides. The cxist-
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ence of CHH...02=C2 H-bond can be evidenced by
diffuse low frequency band — satellite of fundamental
streiching vibration of C1°H centered at =~ 2785 cm™
in the nucicosides IR spectra {24 1],

The enthaipies of the CI1'H...02 intramolecular
H-bond was shown (Table 1) to be of the same order
of valuc 1 uridine and thymidine nucleosides, but

Table I

INTRAMOLECULAR HYDROGEN BONDS OF PYRIMIMNE NUCLEOSIDES

they are by 0.10+0.16 kcal/mol smaller in cytidine
ones: 3.47 kcal/mol (Cyd) and 3.57 kcal/mol (Urd
and Thd); 3.67 kcal/mol (dCyd) and 3.83 kcal/mol
{dUrd and dThd). Besides, one can sece that in
ribonucteosides CIL'H...02 H-bonds are by
0.20+0.26 kcal/mol weaker than in their deoxyribo-
analogues. These tendencies are in accordance with

Energetic and geometric charocreristics of intramolecular hAydrogen bonds in Cyd, Urd, Thd and their deoxyribo-analogues

Nuctirnl H-tiond AH..R [ Entha fv, keal/mol Bestance 5.0, A Angte AHB wegrees:
Cvd NAH N3 2.92 1.29 74.6
Ci'H...02 3.47 1.57 1098
CoH...05° 4.36 1.70 1723
C6H...04 3.23 1.51 103.3
03102 4.38 1.49 122.1
diyd NAH N3 2.76 1.29 74.8
C1'H...02 3.67 [.57 109.9
ChH...05" 3.78 1.70 171.6
CoH...04’ 2.72 1.52 103.2
C4'T...0% 2.49 1.25 749.6
Lird N3H...02 2.21 1.27 n9.4
NIH...04 2.19 1.26 68.2
Ci'H...02 3.57 1.58 110.0
C6H. .08 4.48 1.68 1727
Uni) 04 314 1.5¢ 104.8
DIFL.O2 4.22 1.49 122.0
dlird NAHLLO2 2.29 1.27 69.7
NIH..O4 222 1.26 68.3
CHL.O2 3.83 1.59 (09.8
ZHH...05" 4.00 1.68 t71.6
ol 04 2.73 151 i04.7
CdH...03F 2.67 1.25 797
Thd N3H. 02 2.23 1.28 69.2
N304 2.38 1.30 65.5
CUML.02 3.57 1.58 1102
CHLL02 3.98 1.69 172.6
COH...0O5 3.35 1.50 106.6
O3'H..0Y 4.26 1.49 122.0
dlhd NIL..02 2.26 127 69.6
NIH...04 2.37 1.24 68.9
CHHL 02 3.83 1.59 110.0
Coh. .05 3.49 1.69 171.6
LUI6E, .04 294 1.50 106.4
C4'H..037 2.68 1.25 79.7
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Same physico-chomical characteristics and frequencics of forsional vibrations of pyrimidine nucleosides in cuses «withs ¢ He (4} anid
«wm’wu'» (H = U ) rnrmm('!m m’ur hydrogen bands

e
Nugle sy }
I

Tl =

o

Cyd SRV ~E22K81.63
dCvd —T4664.20  -T4849.89
Urd =84620.60  —h401]1.39
dlrd SFTIR8.52 -T7179.88
Thd -58240.098 -K8222.01
dThd -S0805.94  —80790.54

1] ‘ Heat of frrmation, keal/mol Theole moemcent, T Innization poiential, ¥ Torsen Trequones. ull”l
l -0 H H- N :i ) H=0 H o0 i EER)
—201.37 ~183.30 5.62 5.33 9.32 9.42 bt 26
~155.80 “141.48 7.02 5.14 v.16 9.46 3t 22
—253.74 —234.53 4.56 4.16 9.65 9.79 a2 20
~208.59 ~192.95 €.87 6.00 9.51! 9.72 36 21
—261.02 -242.05 4.57 4.97 .51 9.65 32 19
-215.91 —200.50 .87 5.96 v.37 9.57 33 19

Table 3

Structural perturhation of pyrimidine ribo- gnd deoxyribonucleosidzs in cases wwithe (F# (0) and «without»( I
fzya'rogen bm.u’a uh: data ndicited from OUP Mo.’c’cu!w M()dc’![mg Pau{uu@

=0) indramintecudar

F huelenside
Diledeal u,zl.\ - - " - o
\degrece Cvd dCwal bod J
o D) ] WL i =t i«n it o
H'N4CING 13.5 17.] 13.7 16.0 —
T NACANG -41.3 -34.7 42.4 -35.7 —
CIUNIC2NT 4.4 15.1 -8 -12.2 4.3 19.4
CIerNie? -20.7 —25.8 -18.2 -5.7 —1R.1 208
Cre2C3 U4 0.8 10.3 —0.1 0.4 0.3 9.3
04 C4 302 0.5 -19.6 1.8 7.2 0.4 185
O4 CUNIC2 4017 34.7 44.5 56.9 431 420
O3 CHCe CF 712 61.0 70.0 68.9 70.4 611
HY OS5 CH a7 35 ~2.8 1O -88 8 2.5 SN
02°C2C3I 04 632 70.2 — 63.0 69,3
03CCLCT =581 -43.3 -64.1 —54.% 58.5 —14;{
i Nuclroside
l)Ihl“':[h‘;;.‘“:l“:;;_:\[’:; : c:i,nd“m T o o aThed
. - ——m - [P JR— e LR -
! Horn -0 Har =1 2 I ‘{ "o
= S — S — —_— e L ——
CIUNIC2ZNG 0.5 -15.5 —4.1 -21.8 0.0 -17.3
CHOINTC2 RN =37 -18.1 ~16.4 -15.6 .0
cr ey cd -6 -3.5 -{.4 —0.6 [ 3.4
04 CaC3C2 2.2 —12.9 1.3 =-10.6 3.0 -12.9
O4'CI'NIC2 ah.§ 59.0 43.2 46.5 47.1 50.7
05'CsC4 03 (0.5 60.5 X 60.8 69.4H 6003
H5 05 C504 0.3 -15.9 3.7 -10.0 0.6 16.0
02203 Ce - — 62.4 57.6 —
03 Cyc2onr 6oy -57.0 59.2 ~61.2 -65.¢ =577
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{he peculiarities of the base residuc orientation: larger
values of ¥ (Figure) and H1'CI'N1C2 dihedral angles
(Tabic 3) correspond to molecules having weaker
C1'H...02 H-bonds.

On ihe other side, accordingly to our data in
Cyd, Urd and Thd the Q2'...02 distances are respec-
tively 3.57 A, 3.70 A and 3.82 A and 02'HO2 angles
values are 113, 108" and 116°. Such interaciion of
OZ2'H with C2=02 can reduce the energy of nacleo-
side not more than by .35 kcal/mol. This fact is in
agreement with the same conclusion of Young and
Kallenbach |25 that O2'H is unlikcly to be involved
in H-bond with basc atoms because of the poor
stercochemical i,

Intramoleculac H-bonds invo-
lving CoOH group and the sugar
moicty oxygenrns Earlier, assumptions have
been made about the interaction of C6H pyrimidine
group with ribose oxvgens in the experimental studics
17, 10, 2628}, We bhave found iwo bifurcated
intramoiccular H-bonds with the COH group partici-
pation in pyrimidine nucleosides: C6H...05 anc
C6éH...04" (Figure, Tabic 1).

From the data in Table | one can see, that the
enthalpies of Co6l1...05 H-bond in Thd and dTha
(3.98 and 3.49 kcal/mol respectively) are by
0.29 : (L.51 keal/mol smaller than in other nucleosides
correlating with the larger COH...03" H-bond lengths.
The PM3 calcuiated H...05  distances [l1] show the
same iendency: 1.851 A in pdT is larger than 1,836 A
in pdC. Accordingly (o results of CNDO/2 calculation
112] the C6H,,.05" H-hond in Urd is not weaker than
2 keal/mol — i1 is the contribution of this H-bond to
the cnergy of guuche-gauche conformation of nuc-
leoside. Fuarther stabilization of such conformation in
polyvoucleotides was predicted due to the streng-
thening of COHL..05° H-bond when 05 belongs to
PO, 1121 Wt may be the reason for a number of
studies concerning the COH.. Q3 intramoiecular H-
bond :ateractions in nucleotides (see [6—9, 11, 12,
25, 20 ] and bibliography there).

The intramolecutar H-bond C6H...04' have not
been found in above mentioned studies. In thymidine
nuclepsides the largest cnthalpics of COH...04" H-
bond arc obscrved (Table 1), so the intramolecular
H-bonds involving CoH group in Thd and dThd have
the closer e cach other cnthalpy values (AE =0.63
and 0.55 kcal/mol respectiveiyy than other oucleo-
sides (AE=1.06+1.34 kcal/mol). Besides, in ribo-
nucleosides COH...05" and CO6H...04" are by
0.41 +0.58 keal/mol stronger than corresponding H-
bonds in deoxynucleosides. These features of the
H-bond network of nucleosides have reflections in
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their structures: larger values of y  (Figure) and
HI'CI'NIC2 angles (Table 3) arc observed in mole-
cules with weaker C1'H...02 H-bonds and stronger
C6H...05 and C6H...04" H-bonds.

From the Table 3 one can conclude, that the
neglecting of the iniramolecular H-bonds results in
the essential changes in the dihedral angle values of
nucleosides, cespecially consisting with  glycoside
NIC1' bond, that reach 19° for nonhydrogen aloms
and 90° for protons. Thus, indramolecular H-bonds
involving atoms of 1he base residue and the sugar
moiety (CI'H...02, COH...04" and C6H...05") pul the
importanl contribution in the stabilization of anii-
conformation of pyrimidine nuacleosides {(and
C6H...05 H-bond additionally support aiso gauche-
gauche conformation [12]).

The intramolecular H-bonds betwecen the base
residuc and the sugar moicty also affect the dynamics
of pyrimidine nucleosrdes, particularly the torsion
motion, In the Table 2 we have compared the
calculated frequencies of torsion (libration) vibrations
(w+) in nucleosides in cases «withs(H = ) and «wit-
houts (H =0 intramolecular H-bonds. According to
ocur results, these low frequency lorsional vibrations
ar¢ not only anharmonical but also anisotropic: the
direclion of decreasing of the HI'C1'N1C2 dihcedral
angle value of nucleoside is preferred.

Intramolecular H-bonds and structural nonrigi-
dity of the base residues. In the optimized structures
of Cyd, Urd, Thd and their deoxyribo-analogues the
intramolecular H-bonds between the base residue
atoms arc observed: W4H'..N3 H-bond in cylosing
and N3H...02, N3H...04 in uracil and thyminc bases
(Figure, Table 1).

Cytidine ribo- and deoxyribonucleosides have the
weaker N4H'..N3 H-bond (2.92 and 2.76 kcal/mof
respectively) in comparison with isolated Cyt nucleo-
tide base, where such H-bond have the enthalpy
2.9 kcal/mo! |18]. Existience of the N4H'..N3 H-
bond in anomalous nucleoside 6-azaCyd was fixed
expcrimentally by means of PMR spcclroscopy [29].

In Ura, the calculated cnthalpy of N3H...02
intramolecular H-bond (1.94 kcal/mol [18]) 1s smal-
ler than and of N3H...04 H-bond (2.22 kcal/mol
FL8 D, while in Urd and dUrd N3H...02 H-bond is
somewhat stronger than N3H...04 (Table 1 — it
must be due to the sugar moiety presence and s
H-booding with the base, bul the mechanism of this
effect is rather complicated.

The base residucs of Cyd, Urd and Thd nucleo-
sides and their deoxyribo-analogucs all have slightly
puckering base rings, in accordance with the data of
the previous gquantum-chemical structural investiga-
tions of free nucleotide bases [19]. Maximal
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deviations from planarity are observed for the
NICI glycoside bond region of the pyrimidine nuc-
leoside base rings with dihedral angle values not more
than 2.6, 3.7, 3,6° for Cyd, Urd, Thd and 3.7°, 5.9°,
6.1° for d"vd, dUrd and dThd respectively, Tt woulc
be noted that the neglecting of the intramolecular
H-bonds ia the base residues results in increasing of
the basc ring pnckering: corresponding dihedral angle
rcach the valwes 11.7°, 9.6°, 9.3° for Cyd, Urd, Thd
and 8.0°, 6.5°, 7.1" for dCyd, dUrd, dThd respec-
tively. Such behavior of the base rings upon the
influcnce of intramolecu'ar H-bonds shows that in the
nucleosides the bases are also stereochenically non-
rigid fragments [19].

The cviosine base in the nucleoside has the
asymmetricallv pyramidal aminogroup, so as Cyl in
the isclated state 119, 307 The N4H'...N3 intramo-
Jecular H-bond affects the parameters of = CNH.
fragment pyramidality (Table 3). The character of
potential energy hypersurface which delermines sie-
reochemical nonrigidity of Cyt base remains almost
unchanged [31 §. The base residues with aminogroups
in nucleosides are wsvally considered as planar rigic
structures |3, 7, 9—12]. In contrast with this appro-
ach, our data cvidenced that the planar inversion
barricr of =z CMH, fragment of Cyt residue in nucle-
oside is 1.1 (Cyd)—1.2 {dCyd) times higher than in
free Cyt (0.15 keal/mo! [32 and consist 0.17 and
(.18 kcal/mo: respectively. These data exhibit parti-
cularty that the pr-conjugation of lone clectron pair
of N4 with =-cleciron system of (he base ring reduce
upon the transition from nuclcotide base to noe-
leoside. :

The internal rolation barricrs of the = CNH.
fragment mainly decrease in nucleosides in com-
parisen  with free Cyt and consist 3.37,
10.56 kcal/mol for Cyd and 2.33, 10.46 kcal/mol for
dCyd (3.72. 10,47 keal/mol for Cyt [17] for rotation
to the N3 atomn and C3H bond respectively. The
intermediate stalc with two aminoprotons turned o
the N3 atom (with planar basc ring and plane
symmaetrical location of protons) is stabilized by the
bifurcated pair of iotramolecular N4H'..N3 and
N4H'"...N3 H-bonds with the resulting enthalpy 3.59
and 3.55 kcai/mol for Cyd and dCyd respectively.
The internal rotation of aminogroup is the dipole
active process, fransition dipole moment (= 0.8 1)
lics in the ving plane in 90° with respect to C4N4
bond.

Intramolecidar H-Londs and nonrigidity of the

sugar molely. Analysis of a number of crystal struc-
tures of nucleosides shows that furanose wring is
usuaily nonplanar conformationally nonrigid molecule
|25 Theorctical studies and several NMR  experi-
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ments show for furanose two preferred ring puckering
conformations, C?'-endo and C3'-endo, with almost
cqual cnergy and 2—35 kcal/moel barricr of inter-
conversion through O4'-cndo  intcrmediate  confor-
mation (see [5, 6] and bibliography there).

According to our data, all cncrgy differences
between (C2’-endo, C3'-endo and O4'-endo confor-
mations of furanose ring in the pyrimidine nucleo-
sides are find (o be not more than 0.93 kcal/mol. This
fact is in agreement with the results of the Levitt and
Warshel [337] on the force ficld calewlation of engr-
getic profile of furanose ring in nucleosides, where
such encrgy differences including repuckering barrier
consist not more than 0.60 kcal/mat.

In pyrimidine nuclcosides with cither C27-endo
or C3'-endo sugar puckering modces the ribose atoms
are involved into O3'H..02' H-bonds. whiic the
2'-deoxyribose atoms form C4'H...03" H-bonds,
which are morc than 1.5 times weaker than  the
03'H...02 in vibose (Figure, Table 13. In spitc the
fact that in crystal structores of some nucleoside
derivatives [27] 02'H... 03" intramoleceiar H-bond
occurs more frequently  than O3'H...02', in free
pyrimidine nucleosides the fully optimized confor-
mation with O2'H..C¥ H-bond is
4.00+5.95 kcal/mol higher in encrgy than confor-

- mation shown in Figure.

The irtramolecular H-bonds invelving the sugar
meiety atoms reduce the furanose ring puckering
parameters (Table 3) and cavse the essentially frec
interconvertion at room temperatures. Increase of
dihedral angle values, which characterized the fura-
nose ring puckering, is observed when the amplitude
of 1lorsion motions around glycoside C1'ND bond
increase. This is due to the weakness of the base
residue-sugar H-bonds caused by the torsion motions.
Other staudics using AM1 and PM3 semiempirical
quaniu-chemical methods [l1], in which the full
optimization process involve calculation of hydrogen
bonding interactions between all accessible atoms,
also show the unusually small valucs of the swgar
puckering paramecters. Influence of intramaolecular
H-bends results in decrease of the interconvertion
barrier of furanose ring in pyrimidine nucleosides.

O5'- and O3 -deprotonated nucleoside molecules.
We have modelled the charge situation in nucleotides
and polynucleotides (polyanions) by deprotonation of
Cyd and dCyd molecules al 05 and Q37 sitey. This
wias done in order to clucidate the cifect of ncgative
charged phosphate groups on the stercochemical non-
rigidity and intramolecular H-bond web paramcters of
nucleosides.

It was found that the change of the charge stale
of nucleoside molecule by the deprotonation of ity



sugar moicty docs no!l destroy the intramolecnlar
H-bond web. The deprotonation results in essential
perturbation of the balance of intramolecular H-bonds
in nucleoside (Tablc 4) and increasing of their
cooperativity (A =-2.10+3.64 kcal/mol). In the nuc-
leosides  deprotonated at the Q3 site C6H...0§8
H-bond becomes much stronger, that results in the
weakness of (°1'11...02 and other H-bonds (Table 4).
This is i accordance with the predicted in [12]
strengthening of C6H...035" H-bond when 05 belongs
to PO/, In the case of O3 deprotonation site
COH...05" becomes weaker (Table 4) because of the
turning of O3 prowon to C6H (Table 35), which
reduces the interaction of 05 atom with C6H group.
The data in Table 5 describe the changes of most
promincnt siructural parameters — dihedral angles in
case of neglecting of intramolecular H-bonds in the
anions under discussion.

The structural periurbation of c¢ytidine nucleo-
sides under the deprotopation can be considercd
particularlv by comparison of y values of anions:

INTRAMOLECULAR HYDROGEN BONDS OF PYRIMIDINE NUCLEQSIDEN

134.6° (Cydgs ), 133.6° (dCydg. ), 140,17 (Cydg;
and 121.2° (dCyd,; ) with corresponding angles in
Cyd and dCyd (Figure). The deproionation of the
sugar moiety affects also the stereochemical non-
rigidity of the base residue in nucleoside molecule. Tn
Cyd and dCyd™ the aminogroups become more pyra-
midal, the base ring puckering paramecters decrease
(Table 5), their planar inversion barriers arc L7
(Cyd)—1.8 (dCyd") times higher and the internal
anisotropic rotation barriers are reduced by 20—
40 %,. These effects can be explained particularly by
the reducing of pr-conjugation in the basce residuc
upon the influence of the surplus negative charge in
the sugar moicty. The reverse is also true: possible
intermolecular interactions which change the struc-
tural and dynamic properties of the base, especially
in the vicinity of € CNH, fragment aitachment, cause
the changes in charge distribution in the sugar
moiety.

Thus the local change of the charge state of
polynucleotide, for cxample, in the protein-nucleic

Table 4
Frergeiic and georerric charaererisiics of intramoleeuwlar hydrogen bonds i deprofonated Cyd and dCyd (Cydos ™, Cydoa ™, dCydos 7,
dCyday aniois

e

At H-brnd AH.. B Enthaipy, keal/mof ! Distance |H. 81, A Angle ARC (degrees
Cuvidos NG N3 2.36 1.30 76.0
CHHL.O02 2.51 1.60 104.3
CoH.05 16.39 1.54 173.3
o047 2.07 1.53 101.3
D300 2.28 1.46 12314
dCyvdes NAH N3 3.08 1.30 76.1
C1HLL02 3.37 1.6] 109.2
ohH...0O5 15.73 1.54 174.7
COH...04" 2.35 1.54 100.5
C4'HLL 03 196 1.35 77.9
Cvdoy NALTY N3 3.09 1.30 76.3
CHH...02 3.44 1.76 1 3.
CO6H.05 3.07 1.68 175.7
6H. .04’ 2.49 1.5] 102.8
Ca'L .08 1.56 1.30 75.4
dCvidar’ iNdHLLUN3 3.009 1.30 76.3
CITHL.02 3.52 1.64 109.9
C6H...087 .37 2.49 1210
OO 2.97 1.56 JO0.2
C4TL..03 1.81 1.32 75.1
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Tabie 5

Perturbation of gemnetric struciure of deprolonated Cyd and dCyd in cases ewithe (H = 0) and awithouts (1 =0} afl intromolecalar

hydrogen honds (duata from the OUP Molecular Modelling Package)

Anion
Dihedral angles  {de = o
rree! Cvd(rs° dCvd0 s Crdnny’

M2 =0 H o« H =1 Howu H=0 | toe 0 ‘ bt
HI'N4C4NS 13.4 i8.4 12.8 18.1 it.5 16.7 1.8 16.5
HYN4C4N3 —46.4 —38.1 ~47.2 -38.8 —48.5 —40.7 -47.8 409
C1'NUC2ZNG -5.6 ~-13.6 -2.3 ~-11.3 -1.4 -12.8 1.8 =7.0
HUCIUNTC2 =16.0 -27.8 -15.8 -22.2 -26.7 -15.2 =57 9.6
Cl'eyesca -7.1 0.9 -2.1 4.4 9.8 15.2 11.2 1.3
04°CeC3CY 1.3 —4.7 6.6 -8.7 -2.0 -23.0 =11.0 -15.6
O4'CI'NIC2 43.4 36.0 46.4 41.0 39.9 49.7 388 73.4
Q8 CHC403 64.0 37.7 63.3 554 66.9 59.5 -86.0 549
HS'0O5'C5'C47 -— — — — 85.2 —R”S5.1 09.8 063.5
O2C2'C3Cq’ 53.0 59.8 — — 69.2 74.8 -
QI CHC2 ey ~63.1 -52.0 -59.4 -52.6 -43.6 -37.8 44,1 —44.0

acid recognition processes, can affect its structuras
and dvnamical propertics, particularly the local curva-
ture |34 |, through the disturbance of per-conjugation
of buse resicue.

Transiormation of the intramolecular H-bond web
in pofyaucleotides, The intramolecular CI1'H.,.02",
C6HO6...04°, CoHO6...05 H-bonds are expecled to be
also in polynucleotides because there the pyrimidine
base and sugar are in gati-conformation |4, 6]
Moreover. the COH...(0§3 H-bond in the polynue-
leotide structures {9, 25] is predicted to be streng-
thened when 05 belongs to PO, [12], [t seems 1o be
likely that O2'H groups in polynucleotides are invol-
ved in H-bond with 3'-PO,” groap (direcily or thro-
ugh water molecules) [35 1 and with 047 of neighbour
furancese ring a.ong the polynucleotide strand |9, 25.
36 1.

Indced, it is known that poly(dT) and poly(dU)
don’t form single sirand helical structure and on the
same conditions that poly(r'T) poly(rU) does (secec [6 |
and bibliography therer. And study of CD specira
feads 'Ts’o |13 ] to the conclusion that poly(rC) single
strands have more sceondary structure  (stacking)
than polv{(d(C) in the same conditions. Hydrogen
bonding of O2'H groups with 3'phosphate and neig-
fibour furanose can successfully explain such relative
stabilily of RNA strands with respect to DNA ones,

368

Conclusions. The structural and dynamical pro-
perties of pyrimidine nucleosides ar: shown at first to
be formed with participation of the web of cooperative
intramolecular H-bonds with enthalpies = 2—
4 kcal/mol. Involving of any site of the nucleoside
into intermolecular hydrogen bonding (Watson-Crick
pairing, specific solvent, crystal packing and so on)
can perturb its intramolccular H-bond web  that
vesults in changes of siructural and dyvnamical para-
meters of nucleoside.

Pyrimidine nucleosides, their base residucs and
sugar moieties are stereochemically nonrigid struc-
tures. The aminogroup pyramidality and planc inver-
sion barrier increase in nuclcoside in comparison with
the nucleotide base and these paramelers also depend
on the charge situation on the sugar moiety. The
intramolecular H-bonds effect the  stereochemical
structure of nucleosides, conformation and mutual
orientation of their fragments, particularty, intra-
molecular H~bonds invelving atoms of the basc resi-
due and sugar moicty put the important contribution
in the stabilization of gari-conformation of pyvrimidine
nucleosides.

Intramolecular H-bonds affect the physico-che-
mical characteristics of pyrimidine nucleosides (heat
of formaiion, dipole moment, first adiabatic ionization
potential and the charge distribution), and they alse



can change the dynamical characteristics of nucleo-
side: barrsers of the bpase residue and the sugar
moiety interconvertion, frequencies of the torsional
vibrations in nucleoside.

Intramoli:cular H-bonds in polynuclcotides take
parl in the formation of the nucleic acid architecture
and nonlinear dynamic properties. Local change of the
charge distribution in the sugar region of polynuc-
leotide, for crample, in the protfein-nucleic acid
recognilion processes, can affect iits structural and
dynamical properties through the disturbance of pr-
conjugation of base residue.

Taking into account of the intramolecular H-
bonds is important for the NMR and IR specira
interpretation, tor molecular modelling, for the eluci-
dation of mechanisms of siructural and dynamic
changes under molecular recognition processcs.

g P Mauyk, /1 M. Fogopyn

BryrplusmoMoscry 19pHD BOMCH 3B’ 93KM TA CTPYKTYPLA

HEHOPCTRICTE RIPHMMBIMHORHX HYKJICO3MAIB

Peaiomoe

Onmumizagani cmpymypu yromuduny, ypuduny i nuumiouny, ixnix
desocuputo-anwacis e deakux 03'-, O3’ -denpomonosanux no-
NI oMmpumari 30 QOHOMIZOH  HAHIGZ MIIDIAIGZ0  KuHMOG0-
xivivnaeo acmody MNDO/H. Buseueno CIMK sHYMPILa00-
JAKYAAPHUX  GUORERNX  Fesriiie pusitunodux  nyicaeosudia mo
SUANEHC X0 SHTINE MO CEReOXIMINIY  CIgYKIMYPY  MOReys
(30rpema, e cmeBeHICAlL anti-konopyonii ),  hiduko-xiabor
HapaMemnp { Moy YReopenst, JunQroHE MOMEHNT, NOmerf-
wica Ionizunit ma o ponodia sapedis), o macox HG OwaALNK
XGPAKMENUCIIUKT  RIPHAMIGUROGRX  HYKRe03utia (Bap epu  ivmep-
KOHBEDLT, wacmenne MOPCidhiny Koausanes ). (beosgopocmocs npu-
CYDURCIL GNP IHbOMO.CK LIPHEX  GOO0NCoUX 36 43KI8 ¥ noai-
HYRICOMUGUY Bl (KRG 3HAUERISL Y POPMYAanni  CIIpYICHYpu M
WSO Ortom i HNCETHOGHX KU Caohl.

MR Muwps, 42 Dosopyn

BH_\"I';JH\'\IU_'ICV_\,'.,'!5]]1]!!:}!.{ BOLOPO, HBIE CBI3KM H CTPYRTYPHAH

HEXCCTEOCTL (MNP ILNEOBMY LY KJIC0T1108

Peame

ORI USHPUGHN A CINPYKINVDLL yiiMuduid, Yputura & nuaedi-
Hel, WX €anicipulion gl aoeos 1 Hexomopeix 5 -, 3 -denpomont-
POGAHTIY HPOUBEOIHOLY NOAYHEIOL € HOMOUBIO ROAYIMNUPUHECKOLO
KSWINOGHXUIHOECKO) mentody MNDO/H. O6uapyxens cemixu
GHYIPUMOACKYAAP RGN GUOODOIHBY CERICH NHDUMIHOABLX HYK-
ACOIHIOG 1 KeCACINBAN0 UX GAUANNE HA CIMEPPOXHMUNCCKY IO CMPY-
KIHNYPY MOACKCRT { G 1 QCIHOCIN, ‘A CHADUABHOCTIL Qi-KOnpopata-
Witie ), (DUBLICO-XU M MeCKUE  ICPaMOmpol ( Menacmy  0bpasosanus,
f)!H?U,’(bHMU ,\I{)Jic.’i{?”, .'!CU}](_’J’.!(HHJ? H(HJM.?(H.;LLH N f]{;’CII[)UdU}lfHNI’
3P0 ), § MEREEe B HREMELCCKEE XUPGKINEDRCIUKH HHPHXU-
unosoiy nysicoandos {Bapoel ot KINNEPIORGEPCIN, HACOMbL MOp-
e X koachanu ). OBCyidarmics HUAHe BHYNPUNORCKYASD
HUEX GOMOPOUIIBY  CORICE G EOMHYKACMUOGX 14X FHUMEHUE &
BOPMUPOBURIL CORLEYIRIYDOE (L HEAHELHOE QUHEMUEL NYKACUHOBHIN
KLCAOM.
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