
Tetrahedron Letters.Vo1.23.No.30,on 3061-3064.1982 0040-4039/82/303061-04$03.00/O 
Printed in Great Britain 

..- 
01982 Pergamon Press Ltd. 

STRUCTURE 

Fumio 

The Institute of 

AND HYPOCHROMISM OF (6,9)(9',6')PURINOPHANES1) 

HAMA, Yoshiteru SAKATA*, and Soichi MISUMI* 

Scientific and Industrial Research, Osaka University 

Ibaraki, Osaka 567, Japan 

Misako AIDA and Chikayoshi NAGATA* 

Biophysics Division, National Cancer Center Research Institute 

Tsukiji, Chuoku, Tokyo 104, Japan 

Summary: The.structure of the title compound la was determined to be 
a cross-stacking form with an interplanar distance of ca. 
3.3 A by X-ray analysis. On the basis of this structure, 
the hypochromicity of la was calculated by the ASMO SCF CI 
method. 

As a conformationally frozen model to study the stacking interaction of 

nucleic acid bases in DNA, we have prepared a layered compounds, dithia(6,9)- 

(9',6');nzinophanes 1 where the two purine rings are bound by two bridging 

chains. On the basis of their 
1 
H-NMR spectra, we assumed the structure of 

1 to be a crossed form of two possible isomers with different stacking mode. 

In order to confirm the NMR assignment and to determine its precise geometry 

required to calculate the hypochromicity, we carried out X-ray crystallographic 

analysis of la. 3) 

The resulting ORTEP drawings of la are shown in Figs. 1 and 2. The figures 

reveal the valid NMR assignment for the structure of la, that is, the crossed 

form. The bond lengths and angles as well as the planarity of the purine ring 

are not significantly different from those of 6-methylthiopurine. 4) The only 

difference is that the methylene carbon and sulfur atoms attached to the purine 

ring deviate from the plane of the ring (0.247 A for CH2 and 0.252 A for S). 

1 a:n=2 

b: n=3 
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Fig.2. Side view of la. 

Fig.1. View of la on the least-squares 

plane defined with a purine ring. 

The two purine rings are stacked in parallel (dihedral angle: 2.3"). The non- 

bonded distances (Table 1) between the two rings are somewhat shorter than that 

of DNA (3.4 ;;,. A noteworthy molecular packing should be pointed out here. 

Thus, as shown in Fig. 3. each purine ring is stacked not only intramolecularly, 

but also intermolecularly by interplanar distance of ca. 3.6 i and all the six- 

Table 1. Non-bonded distances 

than 3.4 i for la. 

(i) between the two rings less 

3.292 C6-N9' 3.281 

3.395 N7-N7' 3.289 

3.301 N9-C6' 3.349 

membered rings of purine nuclei in each column are completely overlapped along 

the c axis. 

Quite large hypochromicity (H%) of la and lb in four different media was 

observed as shown in Table 2. Especially, la shows the largest value in all 

the synthetic models with a pair of bases reported so far, reflecting the short 

interplanar distance learned by X-ray analysis. The hypochromicity of la in 

O.lN HCl and O.lN NaOH could not be determined because the nucleophilic sub- 

stitution at 6-position of the purine ring by H20 or OH- occurred easily in 

these media at room temperature. 5) 

Such a remarkable hypochromism observed for la prompted us to calculate the 

theoretical hypochromicity. The calculation was performed by the ASMO SCF CI 

(Antisymmetrized Molecular Orbital Self-consistent Field Configuration Inter- 
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Fig. 3. Unit cell of la viewed down the a axis. 

Table 2. Hypochromicity (%) of la,b. 
_. 

O.lN HCl O.lN NaOH EtOH 
_---~.-- _ ~__ _ 

_~_ 47.3 

lb 23.0 28.6 29.5 22.4 
_ 

action) method 687) on the basis of crystal data. The one center and the two 

center Coulomb repulsion integrals were evaluated using the Pariser-Parr 

approximation 6) and the Mataga-Nishimoto approximation, 
8) respectively. The 

core resonance integral was represented by Wolfsberg-Helmholz's approximate 

equation. 9) As usual, the differential overlap integral and penetration 

integral were neglected. The configuration taken into CI calculation con- 

tains the ground state and 48 singly excited ones. The oscillator strength 

of the transition from the ground state to the excited state was calculated 

by using the equation (l), 

f=1.085 x lO-5 sob Mib (1) 

where (5 
ob 

is the wave number of the transition and M ob is the corresponding 

transition moment. The hypochromicity (H%) of the lowest energy transition 

is calculated by the following equation, 

H=[l-(fD1 + fD2)/2fM]x 100 (2) 

where f M is the oscillator strength of the lowest energy transition of the 

monomer, and f 
Dl 

and f 
D2 

are those of the dimer. The hypochromicity for la 

is calculated as 21.1%, which seems to be far smaller than the observed one. 

However, considering the largeness of the molecules, especially of the dimer, 

agreement between the calculated hypochromicity and the observed one is not 

unsatisfactory. Peculiarity of la in its large hypochromicity will be clari- 
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fied by comparative study with other purinophanes and it is now in progress. 
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