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Molecular geometry of ribofuranoses 1- VIII has been optimized with respect to all degrees of 
freedom on the basis of CNDOj 2 wave functions . The results obta ined are confronted with pre­
vious results of partial optimizations. 

Biologically fundamental molecules contain frequently ribose molecules bound by 
nucleosidic bonds exclusively in the corresponding furanose form, although the mono­
saccharide itself crystallizes in its pyranose form, and the pyranose forms predominate 
distinctly in its solutions, tOOl . In connection with theoretical studies of molecules 
of ribonucleosides and with respect to the mentioned non-availability of experimenlal 
data on molecular geometry of free ribofuranoses, it appears useful to carry out 
theoretical calculations of their complete molecular geometly. So far theoretical 
studies only dealt with optimization of some selected geometrical degrees of freedoJl1 
with the use of the bicentric potential of the Lennard-Jones type2 

- 6 and with the usc 
of the quantum-chemical procedures based on the EHT (ref. 7,8) and PCILO energies''­
In the present paper we have tried to apply a more perfect semi-empirical approach 
consisting in an assessment of position of the heavier atoms (C and 0) based on X-I ay 
diffraction results for selected nucleosides! 0 and in subsequent optimization of 
positions of all C, 0 and H atoms with respect to all geometry degrees of freedom 
with the use of variable metric gradient optimization procedure1 ! on the basis of 
CNDOj2 wave functions. The results are discussed with respect to possible application 
of this relatively simple optimization procedure to the intended theoretical studies of 
larger, biologically interresting molecules. 

CALCULATIONS 

The CNDOj2 wave function necessary for the gradient optimization 11 were obtained by means 
of standard programs, the used parameters being the same as those used in previous papers of 
this series. The used program DERIV AL carries out running analysis of the matrix of second 

Part XIX in the series On Calculations of Biologically Important Compounds; Part XVIII: 
This Journal, in press. 

Collection Czechoslovak Chern. Cornrnun. [Vol. 481 [19831 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Molecular Geometry of Ribofu ra noses 505 

deriva tives of energy with respect to coordina tes. To verify tha t the fo und loca l minimum is not 
a saddle point , the ca lcula tio n was continued aft e r its convergence by ca rryin g ou t severa l more 
va ria ble met r ic itera tions with a prescribed gradie nt by one o rder o f magnitude lower than tha t 
of the previous calcul a ti o n. In a ll the cases the result s represent ed loca l minima a t the e nergy 
hypersurface. 

Each of the fo ur ribose co nfigura ti o nal iso mers ca n exist in 4 co nfo rma tio ns (Fig. I). F ro m the 
poi nt of view o f approximation of the isolated molec ule in a n isotro pic fie ld it is suffic ient to dea l 
with one series o f ena ntio mers only. We chose the D se ries. Arnott & Huk ins l O co mpa red results 
of a la rge number of X-ray diffract io n studi es of geo metry o f fura nose cyc le o f va ri o us nucle ic 
ac ids. On the bas is of the compiled da ta they sugges ted sta ndard geometry of fura nose cycles 
fo r ~ a nomers in the confo rmations C2-l'l1do, C3 -elldo a nd C3 -exo . We ha ve used them as star tin g 
geo metries of the molecules I - VIII. On the basis of ref. 12 the C2-exo structure was ass igned such 
position of C(2) and C(3) a toms, that these a to ms were loca ted at the sa me di sta nce o n the o pposi te 
side of the C( J)- 0 - C(4) pla ne as compa red with their pos iti on in the C2-ellllo structure. G eo­
metries of ex a nomers were derived from those of ~ ano mers by mutua l inte rchan ge o f hydrogen 
ato m a nd hyd ro xyl group a t C( l ) a tom. The fo llow in g 8 co nfo rmers were in ves ti ga ted : C3 -elldo 
~ (f), C2-endo ~ (II) , C2-exo ~ (III) , C3 -exo 1\ (I V) , C3 -elldo (J. (V) , C2-elldo (J. (VI) , C2-exo 
ex (VII) and C3-exo ex ( VIJ/ ). 

RESULTS AND DISCUSSION 

The crysta llographic studies dealing with monosaccharides bo und to va rio us COIll­

pounds , especially with nucleic bases 1 3 - 17 , as well as the prev io us work s from which 

we have taken the data for assembling the starting geometry' 0 give geometry para­
meters of heavy atoms only. F irst of a ll , therefore, it was necessary to find the cor­
responding positions of hydrogen atoms in the thu s chosen ri gid ske leton. Hence, we 
fi rst carried out gl adient optimiza ti on of the structures 1- VII I with fi xed geometry 

5~ 
.: 2 

FIG. 1 

The studied conformation types of ribo­
furanoses 
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degrees of freedom of the heavy atoms except for hydroxyl group at C(5). Having thus 
established the first approximation of positions of hydrogen atomic centres in space, 
the structures I - VlJ I were again submitted to variable metric gradient optimization 
procedure involving, this t ime, a ll degrees of freedom. The geometry characteristics 
of the optimized structures / - VlJI (aftel full gradient optimization) are summarized 
in Tables 1, 11 and HI, and the res ults are compared in Figs 2 and 3. In the series of ~ 
riboses, the variable metric gradient optimization procedure found such local minima 
on the energy hypersurfaces, that the corresponding geometries are very similar to 
the starting geometry types. Tn the series of ct. riboses, deviations were enco untered 
in two cases. For the molecu le VI the optimization procedure found a geometry whose 
structural parameters (Fig. 3) cou ld be denoted as V3 by the notation given in ref. l B. 

Similar ly optimized geometry of VlJ (Fig. 3) would be assigned 3 V denotation 19. 

The loca l minima on the energy hypersurface corresponding to the optimized struc­
tures VI and Vll th us do not correspond strictly to the geometry types C2-endo ct. 

and C2-exo ct.. Tota l molecu lar energ ies of the optimized struct ures are compared 

Table 1 

Bond lengths in the ind ividual ribofuranoses after full opti mization of geom~try 
- -_._-.-------------------_ .. _- ------._----_ ..• _--- ---------------_._-

Bond length II III IV V VI VlI VIII 
pm 

--- --•.. --.------~-------------------------------.--------------- _. 

O-- C IO 138·9 138·8 139·0 138·9 1390 138·9 139'[ 138'9 
C(1)- -- C(2) 1489 148·9 148·8 149· 1 148·9 148·8 148'7 1489 
C(3)- C(2) 148·9 148·7 148·9 .148·8 148·9 148 ·9 148·8 148·8 
C(4) - C(3) 1492 149·4 149·2 149·2 149·2 149·2 149·2 149·2 
C(5) - C(4) 147·9 148·2 147·9 148·3 147·9 148'3 147-8 148·3 
O( I' )--C(I) 138 ·1 138·1 137·9 138·1 138·0 137·9 137·8 137·9 
O(2' )- C(2) 138·4 138·3 138-4 138·3 138·4 138'4 138·4 138·3 
O(3')- C(3) 138-4 138'7 138·3 138·6 138·3 138·6 138'3 138·5 
O(5 ')- C(5) 137·6 137·6 137·6 137·6 137·6 137·6 137·6 137-6 

H- C(J) 113-2 113·3 11 3·2 1\3·3 I I 3·2 113-3 113·2 113-4 
H- O(I ' ) 103-2 103·2 103·2 103·2 103·2 Ion 103·2 103· 3 
H--C(2) I 12·8 11 2·9 112·7 113·0 112·8 112·8 I12·9 112·7 
H- O(2') Ion 103·2 103-3 Ion Ion 103·2 103'5 103·2 
H- C(3) 113·1 112·7 113·1 112·8 lnl 112·8 113·0 112-8 
H- O(3') 103·3 103'1 103-3 103 ·2 103 ·3 103·2 103'3 103· 2 
H-·C(4) 113'3 113·2 113-4 113·2 In2 113'1 11 3'3 113·1 
H - C(S) 112·7 112·6 112·7 112·6 112'7 112·6 1126 1126 
H'- C(S) 112·6 112·7 112·6 112·7 11 2·7 112' 7 112-7 112·7 
H- O(S ') 103·3 103·2 103·2 103·2 103·2 103·2 103'2 103·3 
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TABLE II 

Bond angles in the individual ribofuranoses a fter full optimization of geo metry 

Bond angle, (0) 

---,---_._--

0 - C( I)--C(2) 
C(3)- C(2)- C(I) 
C( 4 )- C(3 )--C(2) 
C(S)- C(4)- C(3) 
O( I ' )- C(I )- C(2) 
O(2' )- C(2)- C(3) 
0(3 ' )- C(3)-C(2) 
O(S' )- C(S)--C(4) 

H - -C( I )- C(2) 
H- O(l')--C(I) 
H- C(2)- C(3) 
H - -0(2')- C(2) 
H- C(3)- C(2) 
H- 0(3')--C(3) 
H --C(4)- C(3) 
H- C(5)- C(4) 
H '- C(5)-C(4) 
H- 0(5' )--C(5) 

/I III 

109-1 108-1 1090 
101-4 1000 101 -3 
101-7 Ion 102-0 
11 8-0 11 6-3 11 7-2 
114-1 116-2 1109 
112-5 113 -5 11 2-2 
115-2 108-7 11 5-0 
110-3 11 0-0 108-7 

112-2 110-7 11 2-3 
106- 3 104-8 106-9 

113-9 109-1 11 4-2 

107-3 105-9 107-3 
109-4 112-5 109-6 

106-1 107-4 106-6 

108-3 109-2 107-8 

110-9 J 11 -2 111 -6 

111-8 112-7 11 2- 5 
106-4 106-6 107-0 

----------

---~ 

i 
i 

~~. 
I 

x I x : 
I : 

C I' DC " D 

~\J-/, 
III 

I i I IV 

FIG_ 

Geometry replesentation of p-ribofuranoses 
after full gradient optimization 
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I V V VI VlI VIII 

109-1 109-1 109- 5 109-9 109- 1 

101-5 101 -7 Ion 102- 7 102-2 
101 -3 101- 8 102-9 102-7 101-2 
11 5-7 117-5 11 5-2 11 6-5 115-4 
11 5- 1 114-1 115-0 11 0-6 115-7 

113 -4 11 2-6 111 -7 111 -9 113-3 

108-8 115 -1 109-2 11 3- 8 108-9 

1104 109-9 109-7 109-2 110-4 

111 -7 112-2 111 -5 112-3 111-5 

105-5 105-9 107-1 107-6 106-9 
108-4 11 3-9 109-0 113-5 108- 4 
106-3 107- 5 106-5 106-1 106-6 
11 2-5 109-4 111 -5 109-9 11 2-6 
107-1 106-1 106-6 106-7 107-1 
1102 108-2 109-9 108-2 110-4 
11 0-9 1.11 -2 11 1-3 111 -7 111-2 
112-6 112-0 11 2-7 111 -8 11 2-4 
106-6 106-5 107-3 106-8 106-8 

-----

FIG_ 3 

Geometry representation of o:-ribofuranoses 
a fter fu ll gradient optimization 
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in Table IV. Obviously the lowest energy belongs to structure VIJ, but (as it has 
already been stated) its optimized molecular structure is distinctly deviated from the 
structural type of the starting approximation. Among the ~ anomers the energetically 
most favourable appears to be the C2-exo (III) structure which is practically not 
found in nature l3 - 17 except , perhaps, for ribavirine 18. Lakshminarayanan & Sasi­
sekharan 2 - 4 dealt with conformations of ribofuranoses using bicentric potential 
(analogous to that by Lennard- Jones) for calculation of optimum dihedral angles 
of the bonding skeleton P- 05'- C5- C4--C3-C3'- P at various conformations 
of the ribofuranose ring. Similar method was used 5 for constructing energy map 
corresponding to individual conformations of ~ D-ribofuranoses and transitions 
between them, and it was found that the minima at this map belong to the endo 
conformations; no minimum was observed for exo conformation. In accordance 

TABLE HI 

Dihedral angles in the individual ribofuranoses a fter full optimization of geo metry 

Dihedral angle, n II III I V V VI VIf VIII 

------ ----------

C(3)- C(2)---C( I )---0 - 23-8 36- I - 276 25·5 - 235 15·6 - 17,2 22,) 

C(4)- C(3)--C(2)-
- Cel) 33-8 - 34,5 33,] - 34,1 329 - 24-8 27·6 -32-8 
C(S)- C(4l-- C(3)--
- C(2) -IS7'6 - 99-3 - 155-4 - 89-1 - 1570 - 96,7 -T54-8 -88,7 

0(1')- C(1) - C(2)-
- C(3) 93'7 IS4·6 91 ·8 144-2 - 142·2 -1061 - 138,0 -96,6 

0(2')--C(2;- C(3)-
- - C(4) - 81,2 - 158'6 - 81,2 - 159,3 - 81-0 - 147-6 - 89' 1 -IS7 7 
O(3')- C(3 )- C(2)-
--e(l) 156·6 83-8 154-7 84·7 15S'5 95-8 149·1 86· 3 
0(5 ' )- C(5)---C(4) -
- C(3) - 82-7 - 125,2 - 75·9 - 1 37-4 - 83,3 - 127,9 - 70-4 - 140·1 

H- C(l )- C(2)- C(3) - 142-4 - 81,7 - 146,6 - 92-4 94-1 134-1 100-3 140-4 
H- O(1 ')-C(l )- C(2) 88 ·2 63·7 172-4 73·3 - 87,3 27-1 -160,0 -432 
H- C(2)- C(3)- C(4) 155-5 80-2 15S'2 807 155-3 92·1 149'2 81·9 
H- 0(2')-C(2)-C(3) -63-9 - IS9'0 - 63-9 - 164,7 - 64,2 - IS4-8 - 37-9 -159· 8 
H- C(3)-C(2)-C(I) - 81-7 -156,0 -83-4 - 155·5 - 82·9 - 145-3 -89-5 -154·0 
H- 0(3')-C(3)-C(2) 73 ·8 140·2 71-7 154-6 71-2 153·7 709 157' 3 
H- C(4)-C(3)- C(2) 80·3 138·6 84·6 147·9 81-4 141'5 84-5 148·7 
H-C(5)- C(4)-C(3) 155-8 113·5 162·9 101·3 155-4 110'7 168·2 98 ·5 
H' - C(5)--C( 4)- C(3) 39·2 - 3-7 45·6 -15,8 38-5 -6'3 51· 1 -18-4 

H- 0(5')- C(5)- C(4) -178-2 -172-8 -178·3 - 173·S -178·2 - 17S.9 -179'3 -1764 
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therewith, an energy barrier was found 6 between the energetically equivalent C2-endo 
and C3-endo conformers (about 10·4kJ mol -I). Govil and Saran 7 used the EHT 
method for investigation of conformation of the bond skeleton 05'-C5-C4--C3-
- 03 ', and in another reportS they used the EHT and CNDO/2 methods to examine 
the changes connected with variation of the dihedral angles C4--0-C1-C2 and 
O- C1-C2- C3 and found that the energetically most favourable structure cor­
responds to the dihedral angles -7·5° and 30°, respective ly , which is very close to 
the C3-endo conformation of ~-ribofuranose optimized by us. The PCILO method 
\vas used 9 for variation of torsion angles between all heavy atoms: the most stable 
conformations found are close to C3-elldo and C2-elldo conformations, being 
separated by an energy barrier of 16·7 kJ mol - J. All the studies cited 2 - 9 were carried 
out on ribofuranose fragments bound by glycosidic bond to a simple nitrogen com­
pound. This could be a reason, why our studies of the ribofuranoses themselves found 
in the ~ series a different structure - C2-exo (l II) - to be the most favourable. 
Although the structure C3-endo (I) has a relatively low energy, it is hardly possible 
to speak about energetical proximity of the structures C3-elldo (I) and C2-endo (II). 
Obviously the energy preference of the individual structural types of ribofuranoses 
depends considerably on whether the molecule is an isolated one or one involved in 
glycosidic bond . Geometry of all the eight studied conformations are summarized 
in Tables I, II and III. From Table III it is seen that dihedral angle at the 0(5')-C(5) 
bond varies within the limits from -172° to -179° for all ~-anomers, which agrees 
well with the value 180° found by means of bicentric potential in ref.3 and with the 
limits of rotations of low energy demands ( - 21 0° to -150°) given in ref.4. The value 
of this angle found by the EHT method 7 was 70°. For the dihedral angle 0(5')­
- C( 5)-C( 4)-C(3) in the ~-conformers C3-endo (1), C2-elldo (II) C2-exo (II 1) and 
C3-exo (1 V) we have found the values - 82·74°, -125·23°, -75·96° and -137·43°, 
respectively. In ref.3 several minima of the energy dependence curves were found for 
each conformer, out of which the values - 70°, - 60", - 70° and -170°, respectively, 

TABLE IV 

The CNDO/2 relative energies of the individual ribofuranoses after full gradient optimization 

Structure 

II 
III 
IV 

Energy 
kJ mol - I 

12·90 
32·47 

1·55 
28·77 
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Structure 

V 

VI 
VII 
VIII 

Energy 
kJ mol - I 

13·04 
24·56 

0·00 
25·77 
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correspond to the values given by us. The value of this dihedral angle found7 for 
planar furanose ring is -135°. The CNDOj2 method founds the value -28° for the 
dihedral angle O-C(1~C(2~C(3) of ~-ribofuranose, which is very close to the 
value -23'79° found by us for this dihedral angle in C3-endo conformation [. 

Analysis of quantum-chemical characteristics of the investigated structures revealed 
that these characteristics are but little affected by conformation. 
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