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Abstract. Here, we use MP2/DFT quantum-chemical methods combined with
Quantum Theory of Atoms in Molecules to study the tautomeric transition between
wobble A-C(w) mismatch and Watson-Crick-like A-C*(WC) base mispair, proceeding
non-dissociatively via the sequential proton transfer between the bases through the
planar, highly stable and zwitterionic TS™"“ 4.cw)o-a-cxwo) transition state joined by the
participation of the (A)N6'H---N4(C), (A)N1'H:--N4°(C) and (A)C2'H:--N3'(C) H-
bonds. Notably, the A-C(w)—A-C*(WC) tautomerisation reaction is accompanied by
the 10 unique patterns of the specific intermolecular interactions that consistently
replace each other. Our data suggest that biologically significant A-C(w)—A-C*(WC)
tautomerisation is kinetically controlled pathway for the formation of the enzymatically
competent Watson-Crick-like A-C*(WC) DNA base mispair in the essentially
hydrophobic recognition pocket of the high-fidelity DNA-polymerase responsible for
the occurrence of spontaneous point AC/CA incorporation errors during DNA

biosynthesis.
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Introduction.

The ability of the DNA bases to tautomerise via the double proton transfer (DPT)
is vitally important for the origin of the spontaneous point mutations. For a long time
irregular A-C*(WC) and A*-C(WC) DNA base mispairs (mutagenic tautomers of the
bases are marked with an asterisk [1-3]), which geometrical sizes are close to the
dimensions of the classical A-T(WC) and G-C(WC) Watson-Crick (WC) base pairs of
nucleobases [4,5], have attracted careful attention of the researchers, who develop the
theory of spontaneous point mutagenesis [6-13]. Particular interest to these mispairs has
been initiated by the classical Watson and Crick’s work [6].

It is nowadays established that A-C*(WC) and A*-C(WC) DNA mismatches, each
of which is stabilized by three intermolecular H-bonds [12-15], mutually transform into
one another via the asynchronous concerted DPT along two neighboring antiparallel H-
bonds [13]. At the same time, the A-C*(WC):A*-C(WC) tautomeric equilibrium
consists 98.98 % : 1.02 % under normal conditions [13]. Less stable A*-C(WC) base
mispair is short-lived structure (t = 5.8:107'" s) [13]. It is believed that both of these
mispairs can play a pivotal role in the mutagenesis, in particular in the formation of the
spontaneous transitions — AC/CA replication errors [12,13]. At the same time, it is
assigned to the short-lived A*-C(WC) mispair the role of the supplier of the A-C*(WC)
base mispair [13], which lifetime is considerably greater than the time spent by the
DNA-polymerase machinery for the forced dissociation of the pairs of the nucleotide
bases into the monomers [12]. In these mispairs the base in the mutagenic tautomeric
form belongs to the template strand.

It was shown by X-ray diffraction analysis that the mismatched A-C DNA base
pair acquires enzymatically competent Watson-Crick-like geometry
((A)N6---N4(C)=3.1 A) in the recognition pocket of the DNA-polymerase B in its
closed conformation [17]. By comparing these experimental data [17] with theoretical
results [13], it could be assumed that enzymatically competent conformation of the
aforementioned pair corresponds to the A-C*(WC) base pair.

At the same time, the physico-chemical mechanism of the A-C*(WC) base mispair

formation in the recognition pocket of the high-fidelity replicative DNA-polymerase
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causing transformation into its closed conformation and eventually - the mechanism of
the spontaneous point AC/CA incorporation errors during DNA biosynthesis - remain
unclarified. Researchers are inclined to think that mutagenic tautomerisation of the
nucleobase of the incoming nucleotide is implemented by the endogenous water [17,18]
(critical analysis of these approaches is described in the papers [4,5,12,13]).

In this work, we have demonstrated for the first time that isolated A-C*(WC) base
mispair with Watson-Crick-like geometry [8,9,13] is in the tautomeric equilibrium with
wobble (w) A-C(w) DNA mismatch [14,20]. It is proved that this tautomeric reaction
proceeds via the transition state like an electroneutral and highly stable A"-C ion pair
(signs “+” and “-”denote the protonation and deprotonation of the bases, respectively) -
TSA+'C'A.C(W)HA.C*(WC), stabilized by the participation of three intermolecular
(AN6'H---N4(C), (ANI'H:--N4(C) and (A)C2'H---N3(C) H-bonds. It was
established that the A-C(w)<—A-C*(WC) tautomerization process, or, figuratively
speeking, dynamic polymorphism, which is accompanied by a significant change in the
geometry of the mispair, occurs by the non-dissociative mechanism without the
disruption of the mismatch. The A-C DNA base mismatch that tautomerizes is
connected by 10 unique patterns of the specific intermolecular interactions that
successively change each other along the A-C(w)—A-C*(WC) tautomerisation
pathway. We consider these results as principally important for the understanding of the
elementary, kinetically controlled mechanism of the origin of the spontanecous point
AC/CA incorporation errors during DNA biosynthesis within the framework of the

classical Watson-Crick tautomeric hypothesis [6].
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Computational Methods.

All calculations have been performed using Gaussian’09 package [21]. Geometries
and harmonic vibrational frequencies of the A-C(w) and A-C*(WC) base mispairs and
transition state (TSA+'C'A.C(W)HA.C*(WC)) of their tautomerisation via the DPT were
obtained using B3LYP DFT [22,23] functional combined with Pople’s 6-311++G(d,p)
basis set, that have been previously used for similar systems and verified to give
accurate geometrical structures, normal mode frequencies, barrier heights and
characteristics of intra- or intermolecular H-bonds [24-27]. A scaling factor that is equal
to 0.9668 has been used in the present work to correct harmonic frequencies of all
studied base pairs [28-30]. We have confirmed the minima and TS, located by means of
Synchronous Transit-guided Quasi-Newton method [31], on the potential energy
landscape by the absence or presence, respectively, of the imaginary frequency in the
vibrational spectra of the pair.

In order to consider electronic correlation effects as accurately as possible, we
followed geometry optimizations with single point energy calculations using MP2
functional [32] and a wide variety of basis sets, in particular, Pople’s basis sets of
valence triple-C quality [33,34], as well as Dunning’s cc-type basis sets [35], augmented
with polarization and/or diffuse functions: 6-311++G(2df,pd), 6-311++G(3df,2pd), cc-
pVTZ and cc-pVQZ.

Reaction pathway was established by following intrinsic reaction coordinate (IRC)
in the forward and reverse directions from TSA+'C'A.C(W)HA.C*(WC) using Hessian-based
predictor-corrector integration algorithm [36] with tight convergence criteria. These
calculations eventually ensure that the proper reaction pathway, connecting the expected
reactants and products on each side of the TSA+'C'A.C(W)HA.C*(WC), has been found. We
have investigated the evolution of the energetic, geometric, polar and electron-
topological characteristics of the H-bonds and base pairs along the pathway of the
A-C(w)—A-C*(WC) tautomerisation reaction establishing them at the each point of the
IRC [37-39].

Electronic interaction energies E;, have been calculated at the MP2/6-

311++G(2df,pd) level of theory as the difference between the total energy of the base
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mispair and the energies of the isolated monomers. Gibbs free energy of interaction has
been obtained using similar equation. In each case the interaction energy was corrected

for the basis set superposition error (BSSE) [40,41] through the counterpoise procedure

[42,43].
The Gibbs free energy G for all structures was obtained in the following way:
GZEel+Ecorra ( 1 )

where E, — electronic energy, while E., — thermal correction. We applied the standard
TS theory [44] to estimate the activation barriers of the tautomerisation reaction.

The time 799 9o, necessary to reach 99.9% of the equilibrium concentration of the
A-C(w) and A-C*(WC) base mispairs in the system of reversible first-order forward (k)
and reverse (k,) reactions can be estimated by formula [44]:

In10’

99.9% W . (2)

To estimate the values of the rate constants kand £;:
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T
=T.22
for h

k

we applied standard TS theory [44], in which quantum tunneling effect are accounted by
Wigner’s tunneling correction [45], that has been successfully used for the DPT
reactions [4,5,46-49]:

Hu(hvf J (4)

where kz — Boltzmann’s constant, 7 — Planck’s constant, 44G;, — Gibbs free energy of
activation for the tautomerisation reaction in the forward (f) and reverse () directions, v;
— magnitude of the imaginary frequency associated with the vibrational mode at the
TSY Cacomoncrwo-

Bader's quantum theory of Atoms in Molecules was applied to analyse the electron
density distribution [50]. The topology of the electron density was analysed using
program package AIMAII [51] with all default options. The presence of a bond critical
point (BCP), namely the so-called (3,-1) BCP, and a bond path between hydrogen donor

and acceptor, as well as the positive value of the Laplacian at this BCP (Ap>0), were
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considered as criteria for the H-bond formation [14,15]. Wave functions were obtained
at the level of theory used for geometry optimisation.

The energies of the weak CH--O/N H-bonds [14,15] were calculated by the
empirical Espinosa-Molins-Lecomte (EML) formula [52,53] based on the electron
density distribution at the (3,-1) BCPs of the H-bonds:

Ecy-on=0.5-V(1), (5)
where V(r) — value of a local potential energy at the (3,-1) BCP.

The energies of the AH---B conventional H-bonds were evaluated by the empirical
logansen’s formula [54]:

E 5 =033-+/Av—-40, (6)
where Av — magnitude of the redshift (relative to the free molecule) of the stretching
mode of the AH H-bonded group involved in the AH:--B H-bond. The partial
deuteration was applied to minimize the effect of vibrational resonances [13,14].

The atomic numbering scheme for the A and C bases is conventional [55].

Results and Their Discussion.

We have shown for the first time that isolated biologically important A-C*(WC)
and A-C(w) Dbase mispairs stay in the tautomeric  equilibrium
A-C*(WC):A-C(W)=99.97 % : 0.03% under normal conditions. The TS*"©
A-Cow)a-cxwo) transition state of the A-C(w)«—A-C*(WC) tautomeric reaction represents
itself electroneutral, highly-polar A"-C" ion pair, stabilized by the participation of the
(AN6'H---N4(C) (2.27), (A)N1'H:-"N4(C) (10.35) and (A)C2'H:--N3°(C) (2.62
kcal'mol™") H-bonds (Scheme 1, Figs. 1-3, Tables 1-3). Geometrical architecture of the
TSATC A-C(wyoA-cxwe) transition state is closer to the Watson-Crick geometry (Fig. 2): its
glycosidic sizes are R(H;-Hy)=9.822 A, a;(N1(C)HHy)=51.8°, a,(N9(A)HeH,)=66.4°
and similarly to the canonical A-T and G-C Watson-Crick DNA base pairs it contains
three intermolecular H-bonds [4,5]. This fact is completely consistent with Hammond’s
postulate [56], since the A-C(w)—A-C*(WC) tautomerisation is an exothermic process
with AG=-4.87 kcal'mol”" under normal conditions (Table 2). The A-C(w)—A-C*(WC)

tautomerisation reaction is accompanied by the substantial rearrangement of the base
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mispair changing from wobble to Watson-Crick geometry and vice versa. This process
occurs via the non-dissociative mechanism without destruction of the pair that
tautomerises (Fig. 2). At this, 10 unique patterns of the intermolecular interactions
including H-bonds that consistently switch to each other during the tautomerisation
process have been registered by us. At the same time, base pair that tautomerises
remains in the A"-C  zwitterionic state [57], stabilized by rather strong electrostatic
interactions, in the wide range of the IRC (-2.01+9.01 Bohr) (Fig. S3 in ESI). In
particular, the stabilization energy of the TSA+'C'A.C(W)HA.C*(WC) transition state of the
A-C(w)—A-C*(WC) tautomerisation makes at this 122.5 kcal'mol”, while the
contribution of the H-bonds constitutes 12.4 % (Table 3).

The A-C(w)—A-C*(WC) tautomerization process via the sequential DPT occurs
at the participation of the A base as the molecule-mediator at the interaction. Initially,
the A base detaches the imino proton localized at the N4 nitrogen atom of the C base,
adding it to its N1 nitrogen atom (at this proton migrates along the intermolecular
(C)N4H:--N1(A) H-bond, forming highly stable A™-C" ion pair). After this, ionized A"
and C bases, which constitute the A"-C” ion pair, shift relatively each other and further
proton, mentioned above, goes back to another atom of the C base, namely — N3,
moving along the (A)N1'H---N3°(C) H-bond within the A™-C" ion pair. Finally, after
this the A-C*(WC) pair with Watson-Crick geometry is formed (Scheme 1).
Interestingly, in this case DPT takes place, which is a concerted two-phase process for
the one and the same proton (Figs. S3a, S3b in ESI).

Talking in other words, A base -catalyzes, accelerates the mutagenic
tautomerisation of the C base, transforming the wobble A-C(w) base mispair into the
A-C*(WC) base mispair with Watson-Crick geometry (Scheme 1, Figs. 1-3, Tables 1-
3). Thus, the Gibbs free energy barrier of the mutagenic tautomerisation of the C base
within the A-C pair (20.12 kcal'mol” (Table 2)) is significantly reduced comparably
with the same barrier of the intramolecular mutagenic tautomerisation of the isolated C

base (38.59 kcal'mol" under normal conditions [58]).
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Detailed microstructural information about the course of the A-C(w)«—A-C*(WC)
tautomerisation via the sequential DPT is presented in Schemel, Figs. 1-3, S1-S3 in ESI
and Tables 1-3.

Based on these data we can arrive to the following important conclusions:

- both extrema of the first derivative of the electron energy with respect to the

IRC — dE/dIRC (Fig. S1 in ESI), so-called reaction force [59], coincide with
the key points of the A-C(w)—A-C*(WC) tautomerisation reaction, where
values of the Apcynan-Ni(a) and Apynan--nica) become equal to 0 (Fig. S3b in
ESI);

- investigated tautomerisation reaction is dipole-active process (Fig. S2 in ESI)
— dipole moment of the system acquires its maximum value (7.77 D) at the
TS “ 4 cwrncxwo) transition state;

- in the wide range of the IRC (Figs. 3 and S3-S4 in ESI, Table 4)
tautomerisation process is assisted by the (A)C2H---N3(C) and
(A)C2H---O2(C) H-bonds, for which maximum values of energies reach 2.89
kcal-mol™ at the IRC=-1.42 Bohr and 1.56 kcal-mol™ at the IRC=10.73 Bohr,
respectively.

Obtained results, regarding the mechanism of the A-C(w)—A-C*(WC)
tautomeric interconversion between A-C(w) and A-C*(WC) biologically important
mispairs as their intrinsic property, open up entirely new perspectives for the
interpretation of the nature of the spontaneous point AC/CA incorporation errors during
DNA biosynthesis at the atomic level. There are all grounds to associate with the
A-C(w)—A-C*(WC) transition the mechanism of the acquisition by the wobble A-C(w)
DNA base mispair of the enzymatically competent Watson-Crick conformation in the
recognition pocket of the high-fidelity replicative DNA-polymerase in its closed
conformation without direct involvement of water molecules as endogenous agent of
tautomerisation [60].

The A-C(w)—A-C*¥(WC) tautomerisation 1is much slower process
(To9.90,=4.94-10% s (Table 2)) than the rate of the DNA replication (DNA polymerase

spends Atp01z8.33'10'4 s [16] for the incorporation of one incoming nucleotide into the
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DNA double helix that is synthesized). So, the P(A-C(w)—A-C*(WC)) probability of
the acquisition by the A-C(w) base pair, that initially forms in the recognition pocket of
the DNA-polymerase, of the enzymatically competent A-C*(WC) Watson-Crick
conformation for this period of time is much less than 1. In other words, the process of
the incorrect A-C*(WC) base pair incorporation into the DNA structure during its
biosynthesis is under kinetic control, which means that this process is
thermodynamically non-equilibrium.

The P(A-C(w)—A-C*(WC)) probability can be easily calculated by the formula
of the physico-chemical kinetics given in the works [61,62]. P(A-C(w)—A-C*(WC))
has been calculated to be 1.2-107 at k=1.40-107 s, £,=3.76-10° s™" and At,,=8.33-10"
s [16]. This valuation is most likely underestimated, because the affinity to the
recognition pocket of the high-fidelity replicative DNA-polymerase is higher for the
A-C*(WC) base mispair [11], than for the A-C(w) base mispair. These facts with
necessity should lead to the decreasing of the value of the energy barrier of the
A-C(w)—A-C*(WC) tautomerisation in the essentially hydrophobic [63,64] recognition
pocket in comparison with the isolated state. Nevertheless, despite the simplicity of our
model representations, these data satisfactorily agree with the experimental data on the
frequency of the spontaneous transitions, committed by the replicative DNA-
polymerase with the inactivated function of proof-reading [65-68]. Obtained data
represent convincing evidence of the adequacy of the proposed by us microstructural
model of the initiation of the spontaneous point mutations — AC/CA incorporation

errors — during DNA biosynthesis.

Concluding Remarks and Perspective.

In this work for the first time using quantum-chemical methods we have reported
the tautomeric transition between biologically important A-C(w) and A-C*(WC) base
mispairs with wobble and Watson-Crick geometries, respectively, that is controlled by
the planar, highly polar and zwitterionic [57] TSA+'C'A.C(W)HA.C*(WC) transition state
stabilized by the participation of the (A)N6'H:--N4(C) (2.27), (A)N1'H---N4'(C)
(10.35) and (A)C2'H:--N37(C) (2.62 kcal'mol™) H-bonds in addition to the strong
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electrostatic interactions, mainly contributing toward the H-bonding interactions in this
ion pair. Authors associate the biological significance of the A-C(w)—A-C*(WC) DPT
tautomerisation, as intrinsic property of these DNA base mispairs, with the mechanism
of the formation of the enzymatically competent Watson-Crick-like A-C*(WC) base
mispair in the essentially hydrophobic recognition pocket of the high-fidelity replicative
DNA-polymerase, responsible for the occurrence of the spontancous point AC/CA
incorporation errors during DNA biosynthesis. It was found out that kinetically
controlled A-C(w)—A-C*(WC) tautomerization pathway proceeds via the non-
dissociative mechanism without the disruption of the pair into the monomers and is
accompanied by 10 unique patterns of the intermolecular interactions, including
simultaneously maximum 4 H-bonds, that successively change each other.

The simplest estimation of the probability of this process (1.2-107) is satisfactorily
agreed with experimental data, indicating the adequacy of the model concepts presented
in this work.

In the perspective, it seems to be very interesting to investigate the influence of the
microenvironment of the recognition pocket of the high-fidelity replicative DNA-
polymerase on the considered process of the tautomerisation. Taking into account high
polarity of the transition state and its Watson-Crick-like structure, it is conceivable that
the latter would be stabilized, accelerating the process of the A-C(w)—A-C*(WC)
mutagenic tautomerization in comparison with the free state.
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Table 1. Electron-topological, structural, vibrational and energetic characteristics of the intermolecular H-bonds
revealed in the base mispairs and TSs of their mutual transformation via the sequential DPT and polar characteristics of
the latters obtained at the B3LYP/6-311++G(d,p) level of theory

Complex AH-B pt o Ap° 1004 diy' dys Ady ZAH-BE A p T
HB
H-bond
A-C(w) (C)N4H-NI(A) 0.025 0.074 7.72 3.052 2.030 0.016 175.6 2852 5.17 5.0
(A)C2H---N3(C) 0.010 0.030 5.53 3.452 2.513 0.0005 1442 5.8 1.60*
A-C*(WC) (ANGH:-N4(C) 0.029 0.082 7.63 2.983 1.959 0.021 173.8 3717 6.01 3.10

(C)N3H--"N1(A) 0.040 0.093 6.59 2.895 1.852 0.031 178.9 551.6 7.46
(A)C2H---02(C) 0.005 0.017 1.48 3.628 2.798 0.0001 133.1 —5.9 0.96*
TSM Cacamoncswey (ANG6H---N4(C) 0.014 0.045 6.68 3.151 2317 0.006 138.8 87.4 227 7.77
(ANT'H--"N4°(C) 0.055 0.091 4.92 2.749 1.688 0.064 166.8 1023.3 10.35
(A)C2'H-"N37(C) 0.015 0.048 8.72 3.068 2.375 0.003 120.1 24.0 2.62*

“The electron density at the (3,-1) BCP of the H-bond, a.u.

®The Laplacian of the electron density at the (3,-1) BCP of the H-bond, a.u.

“The ellipticity at the (3,-1) BCP of the H-bond

The distance between the A (H-bond donor) and B (H-bond acceptor) atoms of the AH---B H-bond, A
°The distance between the H and B atoms of the AH:--B H-bond, A

"The elongation of the H-bond donating group AH upon the AH---B H-bonding, A

®The H-bond angle, degree

FThe redshift of the stretching vibrational mode v(AH) of the AH H-bonded group, cm™

'Energy of the H-bonds, calculated by Iogansen’s or EML (marked with an asterisk) formulas, kcal-mol™!
'The dipole moment of the complex, D

Table 2. Energetic and kinetic characteristics of the A-C(w)«—A-C*(WC) tautomerisation via the
sequential DPT obtained at the different levels of theory for the geometry calculated at the B3LYP/6-
311++G(d,p) level of theory

Level of theory AG* | AE" | AAGrs® | AAEr® | AAGS AAE' Too.9%°
MP2/6-311++G(2df,pd) 4.66 | 6.56 | 20.12 | 18.98 | 24.77 | 2555 | 6.24-10°
MP2/6-311++G(3df,2pd) 4.82 | 6.72 | 19.70 18.57 | 24.52 | 2529 | 3.09-10°

MP2/cc-pVTZ 528 | 7.18 | 2045 | 19.32 | 2572 | 26.50 | 1.09-10°

MP2/cc-pVQZ 487 | 6.77 | 19.98 | 18.85 | 24.84 | 2562 | 4.94-10°

“The relative Gibbs free energy of the A-C(w) base pair (AGa.cxwc=0; T=298.15 K), kcal-mol™

*The relative electronic energy of the A-C(w) base pair (AE.cxwc=0), keal-mol”!

‘The Gibbs free energy of activation for the forward reaction of the A-C(w)—A-C*(WC) tautomerisation,
kcal-mol™

“The activation electronic energy for the forward reaction of the A-C(w)—A-C*(WC) tautomerisation, kcal-mol”
‘The Gibbs free energy of activation for the reverse reaction of the A-C(w)—A-C*(WC) tautomerisation,
kcal-mol™

"The activation electronic energy for the reverse reaction of the A-C(w)—A-C*(WC) tautomerisation, kcal-mol”
®The time necessary to reach 99.9% of the equilibrium concentration between the reactant A-C(w) and the product
A-C*(WC) of the A-C(w)«<>A-C*(WC) tautomerisation reaction, s
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Table 3. Interbase interaction energies (in kcal-mol™) for the investigated base mispairs
and TS of their mutual transformation via the sequential DPT obtained at the B3LYP/6-
311++G(d,p) level of theory

Complex AEid | SEms® | SEws/AEud, % | -AGi
A'C(W) 7.47 6.77 90.6 0.84
A-C*(WC) 15.73 14.44 9138 227

TS O A Cann CrwO) 122.54 15.24 124 110.00

“The BSSE-corrected electronic interaction energy
°The total energy of the intermolecular H-bonds (see Table 1)
“The BSSE-corrected Gibbs free energy of interaction (T=298.15 K)

Table 4. Patterns of the intermolecular interactions including AH---B H-bonds and loosened A-H-B
covalent bridges that sequentially replace each other along the IRC of the A-C(w)—A-C*(WC)
tautomerisation via the sequential DPT obtained at the B3LYP/6-311++G(d,p) level of theory (see Figs. 3
and S3 in ESI)

Patterns | IRC range, Bohr Intermolecular interactions, forming patterns
I [-14.42+-2.01) (C)N4H-N1(A), (A)C2ZH---N3(C)
1l [-2.01+-1.66) (C)N4-H-N1(A), (A)C2H---N3(C)
11 [-1.66+-1.54) (A)N6H--N4(C), (C)N4-H-N1(A), (A)C2H---N3(C)
v [-1.54+0.36) (A)N6H--N4(C), (A)NTH---N4(C), (A)C2H---N3(C)
\ [0.36%3.44) (A)N6H--N4(C), (A)NTH---N4(C), (A)NTH---N3(C), (A)C2H---N3(C)
VI [3.44+3.67) (A)NGH---N4(C), (A)NTH---N4(C), (A)NTH---N3(C)
VII [3.67+4.98) (A)NGH---N4(C), (A)N1H - -N4(C), (A)NTH---N3(C), (A)C2H---02(C)
VIII [4.98+9.01) (A)N6H--N4(C), (A)NTH---N3(C), (A)C2H---02(C)
IX [9.01-9.60) (A)N6H - -N4(C), (A)N1-H-N3(C), (A)C2H---02(C)
X [9.60+15.61] (A)NGH---N4(C), (C)N3H---N1(A), (A)C2H---02(C)

17
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2317 1.959
1.688
1.852
2.375
2.798

TSA+.C- .
A- C(W) A-C(W)—A-C*(WC) A.C*(WC)

(imaginary frequency vi=-588.5i cm™")
Scheme 1. Geometrical structures of the reactant (A-C(w)), transition state (TSA+'C'A.C(W)<_,A.C*(WC)) and
product (A-C*(WC)) of the A-C(w)—A-C*(WC) tautomerisation reaction via the sequential DPT
obtained at the B3LYP/6-311++G(d,p) level of theory. The dotted lines indicate the AH---B H-bonds,
their H---B lengths are presented above them in angstroms. Carbon atoms are in light blue, nitrogen — in

dark blue, hydrogen — in grey and oxygen — in red.
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Fig. 1. Profile of the relative electronic energy AE of the
A-C(w) Dbase mispair along the IRC of the
A-C(w)—A-C*(WC) tautomerisation via the sequential DPT
obtained at the B3LYP/6-311++G(d,p) level of theory.
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Fig. 2. Profiles of: (a) the distance R(H;-Hy) between the H; and Hy glycosidic hydrogens and (b) the
a; (LN1H;(C)Hy(A)) and a, (£N9He(A)H,(C)) glycosidic angles along the IRC of the A-C(w)<—A-C*(WC)

tautomerisation via the sequential DPT obtained at the B3LYP/6-311++G(d,p) level of theory (see Scheme 1).
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Fig. 3. Profiles of the energy of the intermolecular H-bonds Eap...p estimated
by the EML formula at the (3,-1) BCPs along the IRC of the
A-C(w)—A-C*(WC) tautomerisation via the sequential DPT obtained at the
B3LYP/6-311++G(d,p) level of theory (see Table 4).
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