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Introduction

Recently, the first examples of base pairs that are linked by only one directiard
H-bondand an additionalC-H...O[1] or C-H...N [2] contact have been detected in
crystal structures of RNA. There has been growing evidence that C-H....acceptor
interactions can be considered as weak H-bonds [3]. Thus, observations of C-H bond
length contractions upon formation of C-H...O and C-ficontacts between small
organic molecules were rather surprising. Showing characteristics that are contrary to
classical H-bonds, such contacts have been classified as anti-H-bonds and claimed to
be relevant to biopolymers [4].

In addition to the analysis of global base pair features, quantum chemical studies allow a
detailed analysis of the electronic and structural properties of C—H...acceptor contacts.
We have determined the equilibrium geometries and interaction energies including
electron correlation for the UU (Calcutta) base pair (FIG. 1a) with-&....O contact

and the AA base pair (FIG. 1c) with@-H...Ncontact. To exclude the effects exerted by

the neighboring standard hydrogen bonds, model systems including the base C-H donor
and formaldehyde (FA) as an acceptor (FIGS. 1b,d) have been studied as well.
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FIGURE 1:

Chemical formulae of the UU base pair (a), uracil-formaldehyde complex (b),
AA base pair (c), adenine-formaldehyde complex (d)

FIGURE 2: Distribution of Mulliken charges in the UU and AA base pairs obtained by MP2/6-31G(d,p)
— : Stretching of the donor C-H bond
- : Compression of the donor C-H bond

color ramp:  Mulliken charges in atomic charge units

TABLE 5 reveals a steady decrease in interaction energy when passing from the UU complex
with two standard H-bonds to the AFA system with twoC-H...O/N anti-H-bonds
Nonetheless the AFA complex is still stabilized by a weak interaction energy of —1.71 kcal/mol.

TABLE 5: MP2 interaction energieSET (kcal/ mo)

AET[ULU2] AET[A1A2] AET[UFA] AET[AFA]
-8.13 -5.39 -3.68 -1.71

C-H...O/N Interactions
in Base Pairs and Model Systems

The optimized geometries (FIG. 2) of both the AA and UU base pairs are close to t@onCIUSKJnS
ones observed within the respective RNA crystal structure and can thus be regarded as
structurally autonomous building blocks of nucleic acids. With 2.19 and 2.41A (TAB. 1)»
both the C-H...O contact in UU and the C-H...N contact in AA, respectively, are shorter
than the sums of van der Waals radii for the hydrogen and the acceptor.

Both the Calcutta—UU and the AA base pair are structurally autonomous
building blocks of nucleic acids.

e  The C-H...O contact in UU exhibits the-bond patterupon base pair
formation (increase of C—H bond length, C-H stretching frequency red
shift), whereas the C—H...N contact in AA is of trgi—H—bondtype

TABLE 1: MP2 H-bond distances d (A) and angle (
Calcutta base pair (U1U2) AA base pair (A1A2)

d[H3(U2)...04(U1)] 1.89 d[H62(A2)...N3(A1)] 2.07 . )
d[N3(U2)...04(U1)] 2,91 dIN6(A2)...N3(A1)] 3.08 (decrease of C—H bond length, C-H stretching frequency blue shift).
a[N3(U2) H3(U2) 04(U1)] 171 a[N6(A2) H62(A2) N3(A1)] 179

SEESEBB;;;SZ‘EH%} %é% ﬂ{éiEﬁB;;;HZEﬁ%}} %“3% . In both the base/base and base/formaldehyde complexes C-H...O

a[C5(U1) H5(U1) 04(U2)] 150 a[C2(A1) H2(A1) N7(A2)] 162 contacts with negatively charged donor carbons show tiiend pattern

Whereas the€-H bond length in the UU C-H...O contact increaand the wavenumber

of its stretching vibration decreases upon formation of the compteo¢nd patter)y

the C—-H bond of the AA C-H...N interaction is shortened and its stretching vibration
shifted to higher wavenumber@@nti-H-bond pattern TAB. 2). This qualitatively @
different behaviour correlates with the charge distribution in the C-H donor groups

whereas C—H...O/N contacts with positively charged carbons are
anti-H bonds

Both C-H...O H-bondandC-H...O/N anti-H-bondare attractive and need
not be enforced by neighbouring interactions.

shown in FIG. 2. The carbon involved in the UU C5-H5...04 motif bearsaative
partial chargewhereas the carbon in the AA C2-H2...N7 motifissitively charged

Methods

TABLE 2: Changes in N-H and C-H bond lengths d (&) and C-H DFT frequenciesr1)

U1U2 complex - isolated U A1A2 complex — isolated A

g{gg:nggﬂg]idd[[\‘c%:fé&g] 18.8(1)‘3‘ d[d([:gig?ﬂﬁ@]d*[ c"@ﬁ;’?ﬁ)‘{*” —+Oob%120 Only the base parts of the nucleotides have been used and ribose C1' carbons have been
VICE-HA(UT)~[CE-H5(U)] 234 V[Ca-H2(AT)] —V[Co-H2(A)] ) replaced by hydrogens. The geometries of the base pairs have been optimized ("Tight") with

inclusion of electron correlation according to second order Mgller-Plesset perturbational theory
As can be seen in TABS. 3 and 4, the C2-H2 and C5-H5 donor groups of adenine 4MP2(FC); FC ~ frozen core) and the 6-31G(d,p) basis set. Interaction enéffjieave been

uracil show quantitatively the same behaviour when complexed with formaldehyde (FA9'Tected for the basis set superposition error by the standard counterpoise method [5]. A
(FIGS. 1b, 1d). Interestingly, formaldehyde having a positive charge on its carbon, Hasther correction was done for the deformation energleREF), which are defined as the

also been observed to form interactions witheati—H-bond pattern energy differences between the structures of the isolated bases and the structures of the bases ir
. _ i the complex. The total interaction eneryg T is thus given byAET=AE+AEDEF,

TABLE 3: MP2 H-bond distances d (A) and angl&} i the uracil/formaldehyde (UFA) For comparison, the DFT vibrational frequencies have been calculated at the
and adenine/formaldehyde (AFA) complexes B3LYP/6-31G(d,p) level. They have been scaled with the factor 0.9613. The interaction

UFA complex AFA complex energies obtained with the DFT approach are in all cases similar to the corresponding MP2
g[g('ﬁﬁ)---gj(g)] %gg g[g(ii\\)---mg(ﬁ)] 23-1% energies. The charge distribution of the systems under study has been determined by means of a
a{C%FAg'H(FA() 34(U)] s a[[H((FA))'é(Fxg) %]‘3(A)] o Mulliken population analysis. All quantum~chemical calculations have been performed using
d[H5(U)...O(FA)] 2.29 d[H2(A)..O(FA)] 2.48 Gaussian'94 [6].
d[C5(U)...0(FA)] 3.34 d[C2(A)...O(FA)] 3.43
a[C5(U) H5(U) O4(FA)] 163 a[H2(A) C2(A) O(FA)] 146
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