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The crystal and molecular structure of 6-amino-lO-(&D-ribofuranosylamino)- 
pyrimido[5,4-d]pyrimidine has been determined by single crystal X-ray diffraction 
methods. The crystals are triclinic, of noncentric space group PI, with cell dimensions 
a =5.434 (5), b = 12.269 (19), c =4.574 (4) A, ct =92.3 (l), p =94.0 (I), y =95.3” (1) 
and Z = 1. The structure has been refined to an R value of 0.049 (Rw =0.063), by 
use of counter measured intensity data for 1063 observed reflections. The pyrimido- 
pyrimidine ring is planar. The sugar moiety is in the envelope conformation with 
0-l’-endo (‘E), and there is an intramolecular hydrogen bond (2.58 & (0-3’- 
H-03’ . . . O-2’). All oxygen atoms except O-l ’ ring oxygen-atom are involved in 
hydrogen bonding. The pyrimidopyrimidine rings lie in planes 3.4 A apart. 

INTRODUCTION 

The compound under investigation was reported by Ishido et al.’ .‘. Its structure 

was originally thought to be 1. The p.m.r. spectra indicated, however, that the proton 
at C=NH of the amidine group was splitting the resonances of the anomeric proton. 
Since coupling through this distance had never been observed, a singIe crystal X-ray 
structure analysis was undertaken to determine the correct structure. The results 
showed3 that the structure is 2, indicating that, in the course of the synthesis of the 
compound, the C-8-N-7 bond was broken and subsequently rearranged. We give 
here final details of the structure analysis of which a preliminary report3 has been 
made?. In that report3, we noted that the D-ribose ring was in the very unusual 
O-I’-endo conformation. A more complete description of the results of that structure 

analysis is presented herein. 

*To whom communications should be addressed. 
iFor the purpose of making the numbering consistent with that of other pyrimidines and purines, 
the atoms are renumbered in the Discussionsection of this paper. 
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‘-W NH 

HO OH 

1 

HO OH 

2 

JZXPERIMENTAL 

6-Amino-lO-V3-D-ribopyranosylamino)pyrimido[5,4_ddine (2) was crys- 
tallized from water as thin, fan-shaped plates. The crystals were triclinic with the 
crystallographic data: C,,H,,Ns04; F.W. =294.3; a = 5.434(5), b = 12.269 (19), 
c =4.574 (4) A; c( =92.3 (l), /3 =94.0 (l), y =95.3” (1); V =302.6 (6)* A3;Dcal = 
1.61 g.cms3; ~(CuKac) =10.8 cm-‘; space group =Pl; and Z= 1. 

A rectangular plate, 0.4 x 0.5 x 0.05 mm, was cut from a crystal and was used 
to collect three dimensional intensity data on a Syntex automated diffractometer by 
the 8-29 scan technique. Intensities for 1123 reflections (0 _( 70”) were mesured 
employing CuKa! radiation. Sixty of the reflections had intensities with I,,,t2a(I): 
these were treated as unobserved during the refinement. Values for G(I) were derived 
from counting statistics and measured instrumental uncertainties. When I 2 o(I), 
the measured value of I was used in computing F, and when I-EC(I), F was set equal 
to 0.77 (I). The intensity data were converted to structure amqljtudes with the usual 
Lorentz and polarization factor corrections. Absorption and ‘extinction corrections 
were not applied. 

Structure detwmination and refinement. - Structure determination was effected 
by direct methods and refinement by the full-matrix-least squares method. Positional 
parameters of one atom were held constant during the refinements; hydrogen atoms 
were located in difference electron-density maps. These were included in further 
rei%ement; thg heavier atoms were refined anisotropically; the hydrogen atoms were 
refined isotropically. The function minimized was %B[(~F,,~-~F$]~, where o = 
~/G(F~)~. Unit weights were applied during early stages of refinement; in later stages, 
a weighting scheme wcs used where c = 0.4 for Fc7.0 and G = O-4+0.76 (F-7) for 
F~7.0; zero weight was given to unobserved reflections. Refinement was terminated 
at an R value 0.049 (Rw = 0.063). 

The atomic scattering factors for C, N, and 0 atoms were taken from Inter- 
national Tables for X-ray Crystallography4 and from Stewart et al. 5 for the hydrogen 
atoms. The computer programs used were the X-RAY 70 system6, and the program 

*E.s.d.‘s refer to the Iast digit here and elsewhere in the text. 
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library at Brookhaven National Laboratory. The final positional and thermal 
parameters of the atoms are tabulated in Table I, and the list of structure factors has 
been deposited with NAPS-ASIS* 

- Fig. 1 shows the numbering system used for (2). 
rhe convention for pyrimidines and purines The 

DISCUSSION 

Description of the structure 
The numbering corresponds to 
numbers in brackets correspond to the original ribosylamidine numbering (see 
Introduction). Fig. 2 shows the distances and angles in the molecule. 

The pyrimidopyrimidine moiety. - There is an approximate two-fold axis 

through the C-4-C-5 bond in the pyrimidopyrimidine system; the bond distances, 
angles, and the atom types related by this two-fold axis are nearly identical. Each 
pyrimidine ring is planar and the two rings are coplanar (dihedral angle = 179.4O) 
(Table III and Fig. 3). The dihedral angle between pyrimidopyrimidine plane and the 
D-ribose ring (C-I’-C-2’-C-3’-C-4’) is 50.0”. 

The D-ribose moiety. - The bond distances and angles of the D-ribose moiety 
are compared to those found in other D-ribose derivatives in Table II. The least 
squares planes are listed in Table IV, and certain torsion angles are listed in Table V. 

The glycosidic bond C- 1 ‘-N-10 is shorter than what has been observed in nucleosides. 
The D-ribose ring is in the very unusual 0-1’-endo (‘E) conformation (Fig. 4). 

Altona and Sundaralingam’ have pointed out that this sugar ring conformation is 
intermediate between C-3’-endo and C-2’-endo conformations, and that there is a 
large strain-energy involved in forcing the molecule into this conformation. The 
pseudorotation value (P 89”) indicates that this ring is a nearly symmetrical envelope. 

Fig. 1. Numbering of the atoms in compound 2. The numbers in square brackets refer to the original 
ribosylamidine numbering scheme. 

*Microfilm copies of this table can be obtained from the NAPS-ASIS Agency, New York, U. S. A. 
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Fig. 2. Bond distances and angles. Only the carbon, nitrogen, and oxygen atoms are shown. The 
average e.s.d. for bond lengths is 0.004 A; the average e.s.d. for angles is 0.4”. 

Fig. 3. View of compound 2 showing planarity of pyrimidine rings and relationship to sugar moiety. 

The torsion angle zca is the smallest one in the ring, and the others are symmetric 
about it. Atoms C-l’, C-2’, C-3’, C-4’ are coplanar; C-2’, C-3’, 0<3’, and O-2’ are 

also coplanar so that O-Z’ and O-3’ are eclipsed; O-l’ deviates by 0.6 A from the 
C-l’, C-2’, C-3’, C-4’ plane. The dihedral angle between the plane 0-2’-C-2’-C-3’- 

O-3’ and plane C-l’-C-2’-C-3’-C-4’ is 120.5”. The dihedral angle between the plane 
H-21-C-2’-C-3’-H-31 and plane C-l’-C-2’-C-3’-C-4’ is 115” (see Fig. 4). In addition, 
this conformation of the D-ribose ring has the following effects on the detailed 
geometry of the sugar: (a) The C-4’-O-1 ’ and C-l ‘-0-l ’ bond lenghts are nearly equal 
rather than differing by 0.04 A as is common in C-2’-end0 or C-3’-en& D-ribose rings’. 
(b) The C-2’-C-3’ bond length is 1.56 A, which is significantly longer than C-C bonds 
in most sugars (1.52 A). (c) The bonds C-2’-0-2’ and C-3/-0-3’ do not differ signifi- 
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TABLE II 

COMPARISON OF BOND LENGTHS AND ANGLES OF THE SUGAR MOIETY WITH 

THE AI’ERAGE VALUES FOUND IN OTHER D-RIBOSE DERIVATIVES 

Bond 

C-l ‘-0-l ’ 
C-4’-0-1’ 
C-l ‘-N-l0 
C-l ‘-C-Z’ 
c-2’-C-3’ 
C-2.-0-2’ 

C-3,-0-3’ 
c-3*-c-4 
C-4,-C-5’ 
c-5’-O-5’ 

Angfe 

Distance (A) 

Compound 2 

1.440 (4) 
1.443 
1.431 
1.544 
1.557 
1.422 

1.430 
1.539 
1.526 
1.411 

Angle (“) 

Compound 2 

C-3’- and C-T-e&o sngar.f 

1.410 
1.449 
1.469 
ISi9 
1.520 
1.4:5 
1.4f)S 
1.4’,1 
1.435 
1.524 
1.509 
1.444 

C-3’- and C--7’-endo suguma 

c-l’-o-l’-C-4’ 103.4 (4) 

O_l’_C_1’_c_2’ 104.2 

0-I’-C-I’-N-IO 110.9 
C-2 ‘-C- l ‘-N- 10 114.0 

C-1 ‘-C_2’_C_3’ 

c-I’-c-2’-0-2’ 
104.1 
111.0 

110.3 

C_2*_~_3*_~_4’ 102.4 
C_2’_C_3’-0_3’ 111.7 

C-4’-c-3 ‘-0-3 ’ 

C-3’-C-4’-O-l’ 

C_3’_C_4’-C_5 

o-1 ‘-c-4,-c-5 
C_4’_C_5’_0-5’ 

113.8 

105.7 

112.g 

108.0 

110.9 

110.0 
109.2 

109.6 
107.3 
105.6 
106.5 
108.3 
112.9 
114.2 
113.6 
101.3 
107.3 
112.7 
110.0 
111.2 
114.7 
113.0 
102.4 
113.7 
110.0 
111.9 
112.6 
109.5 
111.1 
104.4 
106.1 
105.3 
116.5 
114.9 
115.7 
109.0 
111.1 

me first value is for C-3’-endo, the second for C-2’-endo, and the third is the average value. 
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TABLE III 

DEVIATION OF THE ATOMS FROM THE LEAST SQUARES PLAe 

PIane z 

Atom 

Plane zz Phne zzz 

Arom A @I Atom A @I 

N-l 
c-2 
N-3 
C-4 
c-5 
C-6 
N-7 
c-2 
N-9 
c-10 

N-6b 
N-10* 
C-l’* 
r.m.s. dev. of 

atoms from 
the plane 

0.015 
0.005 

-0.020 
-0.005 
--o.OOl 
-0.010 

0.005 
- 0.007 
- 0.001 

0.019 

- 0.043 
0.092 
0.442 

0.011 0.006 0.008 

C-l’ 0.005 C-2’ 0.010 
C-2’ - 0.007 c-3 ’ -0.10 
C-3’ 0.007 O-2’ - 0.006 
C-4’ -0.005 O-3’ -0.006 

o-1 ‘* -0.615 H-03’b 0.008 
C-5’” -0.841 
o-5’b -0.366 
N-lob - 0.693 
C-lob - 0.276 

“The equations of the planes where x, y, and z are the coordinates reIative to the orthogonal axes are.: 
I = 0.595x-0.305y+0.744z+0.157 = 0; II = 0.108x+0.138y-0_985z+ 1.586 = 0; III = 0.905x+ 
+O.l54y-0.3?72- 1.134 = 0. bThese atoms are not included in the calculation of the plane. 

TABLE IV 

TORSION ANGLES IN COMPOUND 2 

Angie Value (“) Atoms incohed 

A B C D 

qsc-1’-c-10 - 75.8 0-I’-C-l’-C-IO-N-9 
qK-1’-N-10 - 99.2 0-I’-C-l’-N-IO-C-10 

/jsc-4’-C-5’ - 58.3 C-3’-C_4’_C_5’_()_5’ 

&z-4’-C-5’ - 174.7 O_~‘_C_4’_C_5’_0-5’ 

&z-4’-C-3’ +96-l c-5’-C4’-c-3’-O-3’ 
qGl’-C-2’ -93.2 N-10-GI%-2’-0-2’ 
&Z-2.-C-3’ -1.9 0-3’-C-2’-C-3’-0-2’ 

fo -44.0 c-4’-0-1 ‘-C- 1 ‘-C-Z’ 

r1 t27.1 O-l ‘-C-l ‘-C-2’-C-3’ 

72 +1.1 C-l’-C-2%-3’-0-4’ 

‘53 - 25.4 C_2~-C_3~_C4~-0_1~ 

r.a f43.9 C_3’_C_4’_0_1 ‘-C-l ’ 
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Fig.4. Conformation of the D-ribose ring as viewed along C-_ “-C-3’, showing the 0-1’-endo conforma- 
tion, the planarity of other four atoms of the ring, and the eclipsing of atoms O-2’ and O-3’. 

cantly from one another. In C-2’- or C-3’-e&o sugars the C-2’-O-2’ bond is usually 
somewhat shorter than the C-3’-O-3’ bond. (d) The C-4’-0-I’-C-l’angle is signi- 
ficantly smaller than the 110” angle found in C-2’-endo and C-3’-end0 D-ribose sugars. 
(e) There is an intramolecular hydrogen bond between the O-3’ and O-2’ hydroxyl 
oxygen atoms (see Fig. 5 and Table VI). Table V compares the conformations of the 
five reported O-l’ and C-4’ ejzdo-sugars with that found in 2. Compound 2 is the onIy 
one of these in which two oxygen atoms and two hydrogen atoms can be eclipsed; the 
0-3’-O-2’ hydrogen bond is thus obviously necessary to reduce the very high strain- 
ener_q. 

No other D-ribose structures having 0-3’-O-2’ hydrogen bonds have been 
reported. In fact, intramolecular hydrogen bonds are not commonly found in 
nucleoside structures. There have been some reported between O-5’ of the sugar 
moiety and N-3 of the purine moiety ‘. In these cases, the base is s_wz to the sugar and 
the C-4/-C-5’ bond is in the gmche-gauche conformation”. In the other structures 
having intramolecular hydrogen bonds within the sugar portion of the nucleosides 
[ 1 -P-D-arabinofuranosylcytosine (Ara-C) r ‘, /3-D-arabinofuranosyluracil’ 2*1 3, and 
l-j?-D-arabinofuranosylcytosine’”], the hydrogen bond is between O-2’ and O-5’. 

Hydrogetr bonding and packitzg. - The hydrogen-bonding scheme is given in 
Table VI and in Fig. 5. All the potential donor atoms except N-10 donate hydrogen 
bonds. The potential acceptor nitrogen atoms N-3 and N-7 do not take part in hy- 
drogen bonding. However, both the atoms N-3 and N-7 are involved in close intra- 
molecular contacts (2.79 A) with N-10 and N-6, respectively; the H . . . N distances 
(2.49) and the N-H . _. N angles (101” average) preclude hydrogen bonding. The 
pyrimidopyrimidine rings are stacked 3.4 A apart. 
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0 Carbon 

8 Nitrogen 

0 Oxygen 

Fig. 5. Hydrogen bonding. The nitrogen and oxygen atoms are iabelled. The arrows point from the 
donor to the acceptor atoms. 

TABLE VI 
HYDROGEN BOND ENVIRONMENT- 

D-H-.-A Disrnnces (A) Ang(es (“) 

D-H H...A D...A D-H...A D...A...H A.--D-H 

N-6-H-61 -.-O-5” 0.90 2.17 3.014 155 7 18 
N-6-H-62.. . O-3 ‘I1 0.80 2.29 3.060 167 3 10 
O-2’-H-02’. . .N-9 Iti 0.79 2.23 2.746 124 14 42 
O-3’-H-03’...0-2’ 0.87 1.78 2.580 154 9 18 
O-5’-H-OS’. . . N-l I” 0.90 1.97 2.827 157 7 16 

“D, donor atom: A, acceptor atom; and H, hydrogen atom. Symmetry tag (Superscript/symmetry): 
none/x,y,z; i/-1+x, -l-f-y,z; ii/-1+x, -I +y, - 1 +z; iii/l +x, y, z; and iv/x, ; l-y, 1 +z. 
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