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Abstract 

Recognition of DNA duplexes by triplex forming oligonucleotides (TFO) is limited to DNA homopurine 
sequences. As a first step to overcome this limitation we report here NMR recognition studies of the C.G base 
pair by new heterocyclic systems, derived from benzimidazole and benzoxazole units bearing an urea donor 
moiety, designed to bound to the 4-amino group of the cytosine and the 04- and N7-atoms of the guanosine 
bases, respectively. © 1999 Elsevier Science Ltd. All rights reserved. 

Kew,ords: heterocyclic base; hydrogen bond; Watson-Crick base pair; triple helix. 

As a result of their selective binding within the major groove of DNA duplexes (ds-DNA), triplex 
forming oligonucleotides (TFOs) form stable local triple-helical structures.l Interestingly, in a biological 
context, TFOs can compete with proteins for ds-DNA recognition. Accordingly, such a property gives 
them the capacity to interfere with gene expression. These observations prompted the development of the 
antigene strategy which proposes to apply TFOs as new tools for artificial gene repression in gene related 
diseases. 

Unfortunately, this potential therapeutic approach has a major intrinsic limitation since triplex forma- 
tion is restricted to oligopurine-oligopyrimidine DNA targets. Accordingly, in the past few years many 
efforts have been undertaken to extend the recognition pattern of TFOs to polypurine sequences which 
are interrupted by a pyrimidine. 2 In continuation of our studies directed at overcoming the physico- 
chemical limitations of TFO applications, 3 we proposed to design new heterocyclic motifs which are 
able: (i) to make hydrogen bonds with a C. G Watson-Crick base pair; and (ii) to be easily incorporated 
into TFOs (Fig. 1). For the selection of these heterocyclic systems the NMR method which revealed 
hydrogen bonding contacts, as recently exploited by Zimmerman in the case of 3-butyl-2-methyl-8-(N'- 
n-butylureido)naphth[ 1,2-d]imidazole (ZB), proved to be well adapted. 4 

Herein, we show, on the basis of such NMR studies in an aprotic solvent, that the three easily 
chemically accessible heterocyclic bases designed HBi (with i=l, 2 and 3) manifest C-G base pair 
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HBI: X= N-octyl, Y= N, R= H. 

HB2: X= O, Y= N, R= Me. 

HB3: X= N, Y= O, R= Me. 

R'= tri- O-acetyl- [3-D-ribosyl. 

Figure 1. Hydrogen bonding within C*-G.C and HB-C-G triplexes 

recognition (Scheme 1). Namely, the benzimidazole and benzoxazole derivatives HB 1, HB2 and HB3 
have been synthesized as outlined in Scheme 1 together with the Zimmerman base (ZB) 4 for comparison. 
Tertiary complex formation studies between HBi and the C. G base pair 5 were performed in CDC13 by: 
(i) direct titration of a 1:1 mixture of the C.G base pair (2.5 mM) with heterocyclic bases HBi (1 to 20 
mM); (ii) reverse titration of HBi (2.5 mM) with equimolecular mixtures of the C.G base pair (1 to 20 
mM); and (iii) equimolar titration of the complex HBi-C.G with increasing concentrations. 
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Scheme 1. Synthesis of the benzimidazolyl- and benzoxazolylurea systems (HBi). Conditions: (a) I(CH2)7CH3, Nail, THF; (b) 
i. H2-Pd/C, EtOH, ii. N-butylisocyanate, Nail,  DMF; (c) Ac20, then pTSA (0. 2 equiv.), toluene, 100°C 

Compared to their respective controls (Fig. 2), during the titration of each heterocyclic base (HBi) (2.5 
mM) with increasing concentrations of C.G base pair (1 to 20 mM), we have observed significant low 
field displacements of the urea protons. The corresponding chemical shift variations were A8=0.72 ppm 
for HB1, 1.08 ppm for HB2 and 1.20 ppm for HB3, respectively (20 mM). This suggests that the urea 
motif undergoes hydrogen bonding to guanine 06  and N7 positions. It is noteworthy that the affinity is 
higher in the cases of the benzoxazole derivatives (HB2 and HB3) compared to the benzimidazole (HB 1). 
This observation clearly indicates that the five membered ring is implicated in the complexation. Upon 
direct titration of the C.G base pair (2.5 mM) by increasing the concentration of HBi (1.25 to 20 mM), 
very little variations were noticed for the displacements of the urea exchangeable protons. This finding 
supports the formation of the temary complex even at low concentration. We have also observed the same 
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a. Curves of the chemical shift variations (AS) 

of NH aryl urea protons in ternary complexes 

(HB: 2.5 mM) as a function of CG base pair concentration. 

b. Curves of the chemical shift variations (AS) 

of aromatic protons H6 and H7 (HB: 2.5 mM) 

as a function of CG base pair concentration. 

Figure 2. NMR complexation studies of ternary complexes HBi-C.G 

significant downfield shift for the urea protons during the equimolar titration. Finally, confirmation of the 
triad existence was brought by observing the chemical shift variations of the aromatic protons H4, H6 
and H7 of HBi (i=1-3) upon reverse and equimolar titrations. 6 In the three cases the corresponding H6 
proton was deshielded by 6A=0.18 ppm while H7 underwent a weak upfield shift. For H6, the significant 
deshielding is probably due to a carbonyl anisotropic effect which is suggestive of a blocked conformation 
of the aromatic system by means of hydrogen bonding as indicated in Fig. 2. Since, the data reported by 
Zimmerman 4 suggested a stronger interaction of ZB (Scheme 1) with the C.G base pair, we decided to 
evaluate its behaviour under our experimental conditions. We noticed that the NMR titration experiments 
with ZB gave a ~A=0.98 ppm for the urea protons and approximatively the same values for the aromatic 
proton H6 as observed with the three HB compounds. These data which are in line with our observations 
with HBi favour a very similar mode of recognition. 

In conclusion, we have designed three novel and very accessible heterobicyclic systems for recognition 
of C. G base pairs. As shown by NMR studies, performed in an aprotic solvent, their mode of association 
with the corresponding base pair involves the formation of three hydrogen bonds. This behaviour is in 
agreement with the one previously reported by Zimmerman 4 with a different heterocycle. It is noteworthy 
that compared to the bicyclic HB systems, ZB is tricyclic and, accordingly, its use in a triplex context 
could be problematic since it might prefer to intercalate than to exchange hydrogen bonds with a C.G 
base pair. 2a To complete this work, it remains for us to determine the best way to incorporate these 
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new heterocyclic bases within TFOs. To solve this problem, various oligonucleotides containing bases 
HBi are currently being synthesized in this laboratory. They will be annealed to DNA duplexes having a 
polypurine strand interrupted by one or more deoxycytidine(s). 7 
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