
Tetrahedron Letters,Vol.28,No.l6,pp 1777-1780,1987 0040-4039/87 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

ADENINE-THYMINE PAIRING IN WATER INDUCED BY AN INTERCALATING AGENT 

Jean F. Constant, Jacques Fahy and Jean Lhomme*. 

Laboratoire de Chimie Organique Biologique, UA CNRS 351, Universite de Lille 

Flandres Artois 59655 Villeneuve d'Ascq CBdex, France. 

J. Edgar Anderson. 

Chemistry Department, University College, Gower Street, London, WCIF 6BT, UK 

Summary : Thymine linked by a -(CH213- chain to proflavine folds face-to-face with the 

proflavine in dilute aqueous solution and induces complementary intermolecular face-to-face 

complexation of a free adenine derivative in the solution. 

The interaction of adenine with thymine and of cytosine with guanine - base pairing - 

is an important structural feature of deoxyribonucleic acids, yet it does not seem to occur 

in aqueous solutions of complementary bases'. The matrix of the double helix structure of DNA 

with its stacking interactions of successive layers of bases makes such pairing 

thermodynamically favourable. 

When one of the above bases is attached by a short chain as in 1 to a molecule known to 

intercalate in DNA the molecule exists 
2a 

to 100% in a folded conformation 2 in dilute aqueous 

solution. Thus the stacking interaction in DNA is induced in this fragment. 

We now report that when the intercalant is proflavine 1, not only does the 

heterodimeric molecule Pf-C3-Thy 4 or Pf-C3-Ade 8 exist to 100 % in a folded conformation, - - 

but more interestingly a free molecule of the complementary derivative 5 present in solution - 

will now complex with the intercalant-base molecule 4 as in 7. The intercalant induces - 

pairing of complementary bases. 

Proflavine 3 is a well-known intercalating agent3 which, as diagram 9 emphasizes and - 

x-ray studies4 confirm, may interact comfortably with both of a pair of complementary bases. 

Linking proflavine to either base by a three-carbon chain (to give Pf-C3-Ade 8 or Pf-C3-Thy 

?I5 retains the geometry of the interaction in the folded complex, lo, and should therefore 

enhance its stability. 

Model compounds 4 (Pf-C3-Thy) and B (Pf-C3-Ade) were prepared from a common precursor, 

the N-(3-bromopropyll, N-tosyl,3,6-diaminoacridine 11 obtained by treatment (C03K2-DMF) - 
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of N-tosyl,3,6-diaminoacridine 12 with 1,3-dibromopropane. - Alkylation of 11 with sodium - 

adenylate in DMF followed by acidic treatment (H2S04-AcOH) afforded model compound 8. - 

Alkylation with silylated thymine (sulfolane, 80") followed by acidic deprotection resulted 

in the formation of model 4. - Reference compound a (Pf-C2) was obtained similarly by 

ethylation of 12 and deprotection. - 

When a solution of Pf-C2 5 dilute enough (2.5~lO-~M) to minimize self-aggregation6 

(c.a. 2.7 % dimer) is treated with increasing concentrations of Ade-C3 2 (from I.~xIO-~M to 

7.8~lO-~M) all proflavine protons are slightly shifted to high field, which indicates 7,8 a 

weak interaction, association constant K=80+5 M 
-1 . That there is no specific face-to-face - 

association is confirmed by the absence of significant change in the UV behaviour of 

proflavine Pf-C2 with large excesses of either Ade-C3 or Thy-C32a. 

3 :R,=R2=H _ 

4 - :R,=H ; R2 = (CH,),CH,-Thy : Pf-C3-Thy 

6 : - R, = H ; R2 = CH2CH3 : Pf-C2 

8 - :Rl =H ; R2 = (CH2J2CH2-Ade : Pf-C3-Ade 

11 - : RI = Ts ; R2 = (CH2j2CH28r 

12 : - R, = Ts ; R2 = H 

$cyp&~c3~a ____..-- 
9 

When the base and proflavine are linked together however, as in 8 (Pf-C3-Ade) and 4 - 

(Pf-C3-Thy), different behaviour is observed. The UV hypochromic effects, 11% for Pf-C3-Ade 

and 7% for Pf-C3-Thy, are temperature independent up to 70°C, indicating that effectively 

none of the unfolded form is present even at the high temperature9. NMR measurements 

extrapolated to infinite dilution 
IO 

and set against these for reference compounds, see 13 and - 

14, show large specific effects, more striking for Pf-C3-Ade since the ring-current is 

stronger in adenine than in thymine 
11 . Those parts of either the proflavine or the base 

molecule near to the face-to-face interaction show the largest effects, in accordance with 

the expected ring-ring stacking geometry 
12 

of the complex as indicated in 10. 

When now the model Pf-C3-Thy 4 (2.5~lO-~M) is treated with increasing concentrations of - 

the complementary base derivative Ade-C3 5 (from 9x10 
-4 

to ~.IxIO-~M), changes are observed 

in the shifts of all protons, see figure 1. The proflavine signals exhibit upfield shifts, 
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Figure 1 : Changes in 'H chemical shift (extrapolated to infinite dilution in D20, pD 5.5, 

20°C. + = upfield shift, Hz at 400MHz). 13 : - Differences between Pf-C3-Ade and Pf-C2 + Ade-C3 

indicating adenine folded over the right side of the proflavine ring. 14 : Differences - 

between Pf-C3-Thy and Pf-C2 + Thy-C3 indicating thymine folded over the proflavine ring. 15 : 

Differences between Pf-C3-Thy + Ade-C3 and Pf-C3-Thy indicating that Ade-C3 associates in a 

face-to-face fashion with the proflavine ring when thymine is already folded over the 

proflavine plane*. 

while the thymine H-6 and CH3 protons are slightly deshielded. The association constant 

K=300+5 M-l - calculated* for Pf-C3-Thy + Ade-C3 shows a more than threefold increase of the 

interaction as compared to K=80+5M-' - determined for Pf-C2 + Ade-C3. In 15 all proflavine - 

protons are shielded and the effect is more pronounced on the "left" part of the molecule 

onto which Ade-C3 is able to stack. The effect of the proflavine on the thymine is reduced in 

the presence of Ade-C3 suggesting that the thymine is slightly displaced to the "right" (see 

scheme 7). - 

As a conclusion two points emerge l/ the intercalating drug proflavine stacks 

intramolecularly with adenine and thymine in the models 2/ intermolecular interaction 

between the proflavine nucleus and Ade-C3 is strongly enhanced by the presence of the 

covalently linked complementary base in the model. This leads us to conclude that when 4 and _ 

5 are mixed, - there is cooperation between adenine and thymine in the two-fold binding 

process. This suggests that base pairing takes place. There is nothing in our evidence to 

indicate that hydrogen bonding is involved, but such an interaction seems an attractive 

explanation for a structure like 7. _ 

Low solubility of guanine derivatives and the low diamagnetic shielding of thymine and 

cytosine derivatives make experiments with other bases inconclusive. 

All results are quite in agreement with the well known observation that intercalators 

stabilize the structure of DNA, as indicated notably by the increase of the melting 

temperature Tm3b'4. 
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