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1. Introduction

In view of investigating Sundaralingam’s proposal
[1, 2] of a “rigid” nucleotide conformation (an#i about
the quantum mechanical procedure PCILO the confor-
cyclic C(4)—C(5") bond) we have studied recently by
the quantum mechanical procedure PCILO the confor-
mational properties of guanosine-5'- and -2'-phosphates

(3] . This work has shown that in the isolated state these

nucleotides should exhibit an intrinsic preference for
the syn conformation. In fact, studies by nuclear Over-
hauser effect indicate that these compounds exist in
solution predominantly in the syn conformation [4].

Calculations carried out with the use of empirical
(partitioned potential functions) procedures by
Yathindra and Sundaralingam [5], while in agreement
with our results on guanosine-5'-phosphate, appear to
suggest that this may, however, be an exceptional case
and that other common 5'-nucleotides should obey the
rigidity criterion of Sundaralingam. Because of the im-
portance of this problem for the structural theory of
polynucleotides and nucleic acids we have therefore ex-
tended our quantum-mechanical computations to oth-
er representatives of this class of molecules.

2. Method

The method of computation is again the PCILO
(perturbative configuration interaction using localized
orbitals) method utilized previously in our study on
guanosine phosphates [3]. The definitions of the tor-

sion angles and the details of the procedure are the same
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as in [3]. We have limited, however, our computation
to the C(2")-endo sugars, because this type of pucker
is, in principle, the most favorable for syn conforma-
tions [5, 6] . So that if the anti form can be shown to
predominate in nucleotides containing this pucker of
the sugar, it will g fortiori predominate in nucleotides
with the C(3")-endo sugars. Exceptionally the pucker
of the sugar for cytidine-5'-phosphate was taken to be
C(3")-exo because this conformation is the crystalline
one [7]. The geometrical input data for inosine and
uridine-5'-phosphates come directly from crystal data
of [8] and [9], respectively. For adenosine-5"-phos-
phate [10] the geometry of the ribose was considered
the same as for the inosine compound [8].

As in our previous study on guanosine phosphates
[3], the conformational energy curves have been cal-
culated as a function of 4 degrees of freedom: the ro-
tation Xy about the glycosyl bond and the rotations
(DC(S')—O(S’)’ (DQ(S')—P and <I>P_0III of the. ph(3§phate
group, the rotation ®¢(4')_c(5) being prefixed'in the
privileged gg positions [11]. Similarly ®n_o(2)
has been uniformly put equal to 180°, as it has been
shown that the influence of the rotation about C(2")
—0(2") is negligible [6] .

For each compound studied, the conformational
energy curves presented in this paper are representative
of alarge set of such curves computed in our laborato-

1y.
3. Results and discussion
3.1. Adenosine-5'-phosphate

Fig.1 presents the variation of the conformational
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Fig.1. Conformational energy map for rotation about the
glycosyl bond in adenosine-5'-phosphate, C(2')-endo, gg.
Full curve: results for ®p_qyyp = —60°, ®Q(5')—p =—60°,
®C(5')—0(5") = 150°. Dashed curve: results for ®p_oyp =

90°, 20(5)—P = —60°, OC(5')—0(5') = 180°.

energy as a function of Xcn for two typical conforma-
tions of the phosphate group, representing as said a
whole set obtained by a simultaneous variations of the
involved torsion angles. The full curve corresponds to
the possibility of formation of an H-bond between the
O-H of the phosphate and N, of the base, the dashed
curve to the case when this possibility is precluded. It
can be seen that on both curves the global energy min-
imum corresponds to an anti conformation with, how-
ever, a secondary minimum for the syn conformation,
in circumstances in which an intramolecular H-bond is
feasible, 4 kcal/mole above the global minimum.

3.2. Inosine-5'-phosphate

Similar representative curves for inosine-5'-phosphate

are presented in fig.2. They, as all the other curves
which we have constructed for this nucleotide, indicate

1 L
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Fig.2. Conformational energy map for rotation about the
glycosyl bond in inosine-5'-phosphate, C(2')-endo, gg.

Full curve: results for ®p_ o = —30°, ®0(5')—P= 180°,
ch(nS 1—0(5") = 200°. Dashed curve: results for ®p_ o=

180 (DO(S) P—180 ¢C(5) 0(5)—180
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that the most stable conformation is a syn one, with
Xen & 240°, whether an intramolecular H-bond is or

is not feasible. In fact, it may be observed that the glob-
al minimum is associated with an absence of such an
H-bond. This minimum at X = 240° may be related
to the lowenng of the energy starting at X = 180°

in guanosine-5'-phosphate [3] but interrupted beyond
this angle because of the steric hindrance due to the
NH, group of guanosine. Altogether, inosine- -5"-phos-
phate shows thus, as did guanosine-5'-phosphate al-
though less acutely, an intrinsic preference in its free
state for the syn conformation about its glycosy! bond.

3.3. Uridine-5"-phosphate

Representative conformational energy curves for
this compound are given in fig.3. They indicate a clear-
cut preference for the anti conformation centered

around Xy = 60°.

3.4. Deoxycytidine-5'-phosphate

A typical conformational energy curve is presented
in fig.4. The search for an intramolecular H-bond was
in this case unsuccessful. There is again an evident pref-
erence for the anti conformation centered about XeN
= 0°. There is, however, a secondary minimum, 3 kcal/

mole above the global one, at the onset of the syn re-
100°).
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Fig.3. Conformational energy map for rotation about the

glycosyl bond in uridine- 5'-phosphate C(2")-endo, gg.

Full curve: results for ®p_, OI1 =60° d>0(5 P= 180°,

<1>C(5 )-0(5") = 180°. Dashed curve: results for &p_ o=

» @0(5")—P = 270°, ®¢(5')—0(s") = 180°.
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Fig.4. Conformational energy map for rotation about the
glycosyl bond in deoxycytidine-5'-phosphate, C(3')-exo, gg.

®p_oyy = —90°> @o(5)-p = 300°, O¢(s51)_0(5") = 160°.
4. Conclusions

Altogether, our results indicate thus, in agreement
with those of Yathindra and Sundaralingam, that
guanosine-5'-phosphate is different from the corre-
sponding nucleotides of the other nucleic acid bases in
preferring intrinsically the syn conformation about the
glycosyl bond, while adenosine-, uridine- and cytidine-
5'-nucleotides show a preference for the anti confor-
mation. These last three nucleotides may thus be con-
sidered as more rigid than the corresponding nucleosides
which manifest a more diversified behavior [6].

On the other hand from a broader point of view
guanosine-5'-phosphate is not the only nucleotide to
manifest an intrinsic preference for the syn conforma-
tion. Inosine-5"-nucleotide is expected to behave sim-
ilarly. In the crystal this compound is in the an#i form
{8] and it would therefore be particularly interesting
to study its conformational properties in solution. In
connection with the results presented in fig.4 it may
perhaps also be useful to quote a recent suggestion fol-
lowing which cytidine-5"-nucleotide exists in solution
at room temperature as a syn—anti mixture, with anti
the lower conformation [12].

At this stage, it is interesting to analyse the reason
for the difference in behavior between guanosine- and
inosine-5"-nucleotides on the one hand (preference for
a syn conformer) and adenosine-5"-nucleotide on the
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other hand (preference for an anti conformer). The
analysis of the different terms of the 2" and 3 order
perturbation energy of our PCILO calculations, indi-
cates that this difference is due essentially to the de-
localization term obtained through the configuration
interaction between the zeroth order determinant and
the monoexcited configurations built upon the pro-
motion of an electron from a bonding to an antibond-
ing orbital. This delocalization energy is of the order
of 14 kcal/mole in guanosine-5'-phosphate, of 5 kcal/
mole in inosine-5'-phosphate and of only 0.3 kcal/mole
in adenosine-5'-phosphate. A further analysis enables
to determine the components of the delocalization en-
ergy, whose variation is dominant when passing from
the anti to the syn conformation and which are thus
responsible for the difference of behavior of the differ-
ent nucleotides. The results are indicated in table 1.
Three such terms are visible. In the first place, the prox-
imity of the phosphate and of the NH, group of the
base in the syn conformation creates in the case of the
guanosine-5'-phosphate a strong perturbation which is
represented by a component of delocalization energy
of about 6 kcal/mole due to a jump of an electron of
the lone pair of the NH, group into the antibonding
“é(Z)—NG) orbital. A similar delocalization term does
not exist in adenosine-5'-phosphate in which the NH
group is further away from the phosphate. Secondly,
there is in guanosine and inosine-5'-phosphate a delo-
calization energy component of about 3 kcal/mole due
to the jump of an electron of the lone pair of N, into
the antibonding ﬂé‘(z)_Nm and ”?:(6)—0( 0) orbitals,
which is absent, of course, in adenosine-5 -phosphate.
Finally guanosine-5'-phosphate also shows a slightly
greater value of the delocalization energy component
due to the jump of an electron of the lone pair of an
oxygen of the phosphate group upon the antibonding
W*C(Z)—N(3) orbital than the other two nucleotides. The
summation of these factors accounts for the strong sta-
bilization of the syn form in guanosine-5'-phosphate,

a somewhat weaker stabilization of this form in inosine
and, on the contrary, the predominance of the anti
form in adenosine-5'-phosphate.
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Table 1

Principal contributions to the variations of the delocalization energy between the anti and syn conformations (kcal/mole).

Electron jump Guanosine-5'- Inosine-5'- Adenosine-5'-
phosphate phosphate phosphate
Lone pair T™NH, ~ "é(Z)—N(3) 0
*
Lone pair 7., — C(2)-N(3) 2.9 27
£ N o* ’ &
C(6)-0(10)
-0.5 -0.1 -0.1

Lone pair O (phosphate group) = 7%, 1y nray
A&y TaN Sy
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