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Abstract: Dinucleotides (Figure lb-d) possessing his~aminolerhylenediamino substituents at C8 of ade- 

nine have been synthesised for modelling rhe molecular interactions that occur at catalytic site of nu- 

cleuses. These compounds have been designed for putative molecular recognition of internucleoride phos- 

phate by a complementary group (imidnzolel-NH,) in Ihe pendant C-8 side chains. ‘II NMR speclro- 

scopic analysis of synthesised model compounds indicate that C-8 modification leads to increase in 

percentage of S conformation of modified sugar while still maintaining an anti glycosyl torsion as in 

uniodified analog d(TpA). The C-8 side chain funcrionaliry (histaminele~kylenediamine) is probably in- 

volved in intramolecular inleracrion (electrostatic/ hydrogen bond) wirh the phosphate and/or 2’OH in 

(14). Such predisposition of side chain coralylic groups is important in developing appropriale models for 

active site of nucleases. 

INTRODUCTION 

Binding and hydrolytic cleavage of phosphate diesters, particularly biological phosphates such as 

DNA and RNA are important processes ‘*’ Enzymes that act on nucleic acids such as ribonuclease,3 DNA . 

polymerase I,4 E.Coli alkaline phosphatase,’ endo and exo restriction nucleases,4 contain either metal 

ions6 (Zn’+, M 2+ o g ) r positively charged amino acid residues such as arginine, lysine or protonated 

histidine in their active sites for recognition-interaction with negatively charged phosphate group. The 

active sites also contain amino acids with nucleophilic side chains such as aspartic acid, tyrosine and 

histidine which mediate phosphate hydrolysis by either general or specific base catalysis. Recently, 

several attempts have been made to mimic hydrolytic nuclease action by synthetic models such as 

oligonucleotide-peptides’ and drugs.’ 

Ribonuclease A, in particular functions through two histidine and a lysine at the active site.3 In our 

approaches towards development of synthetic nucleases, we have attempted step-wise modelling of the 

molecular interactions that occur at the catalytic site of ribonuclease. In this paper, we present synthetic 

and spectroscopic studies on three dinucleotides (Figure lb-d) which contain substitution of either imida- 

zole (histidine mimic) or an amino ethylamino group (lysine mimic) at C8 of adenine unit. The 2’-deoxy- 
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Figure 1: (a) (b) R = H, X = CH, 

(c) R = OH, X = H 

6H 

(d) 

dinucleotides in Figure lb and Id would exclusively model the phosphate-amine interactions whereas the 

r(UpA) analog (Figure lc) contain in addition a 2’-OH group on 5’-nucleotidyl unit, as in natural sub- 

strate. Such spatial positioning of an imidazole/amino group near the internucleotide phosphodiester link- 

age is expected to effect or accelerate the phosphate cleavage when the full complement of catalytic groups 

are incorporated into the model for testing the cleavage reaction. 

RESULTS AND DISCUSSION 

Synfhesis of C8 conjugated histamine and ethylenediamine dinucleotides. The C8 position of adenine is 

easily amenable for bromination and hence suitable for linking a side chain functional group via an 

aminoalkyl spacer chain. We have previously employed such a strategy for synthesis of fluorescent 

adenine derivatives’. The synthetic route used at present is similar but with minor modifications. Treat- 

ment of 2’-‘deoxyadenosine with bromine-water in sodium acetate buffer at pH 5.0 gave 8-bromo-2’- 

deoxyadenosine 1 to. This was N6 benzoylated by the transient protection method” to yield 2 which was 

then S’-O-protected with 4,4’-dimethoxytrityl (DMT) group to give 3. Subsequent reaction with 

excess of either 1,2-diaminoethane or histamine gave the corresponding C8 conjugates 4 and 5 respec- 

tively. These were then converted into their N,3’0-acetyl derivatives by reacting with acetic anhy- 

dride-pyridine, followed by detritylation with 2% dichloroacetic acid (DCA) in dichloromethane (DCM) 

to generate the 5’-hydroxyl terminal blocks 6 and 7. 

The triethylammonium[5’-O-DMT-thymidine-3’0-(2-chlorophenyl)phosphate]1z 8 was then con- 

densed with either 6 or 7 in presence of mesitylenesulphonyl-3-nitrotriazole (MSNT) and N-methyli- 

midazole (NMI) to generate the protected dinucleotides 9 and 10 respectively. No side products due to N- 

phosphonylation (as seen in 3’P NMR) or 5’-sulphonylation were observed. The dinucleotides 9 and 10 

purified by silica gel column chromatography were then completely deprotected by treatment with 2% 

DCA-DCM to remove 5’-DMT group followed by reaction with MeOH-NH, to effect cleavage of the 

N6-benzoyl, 3’-0-acetyl and 2-chlorophenyl groups, to yield the products 11 and 12. These com- 

pounds were purified by ion-exchange column chromatography. The ‘H NMR clearly indicated that 

while the N-acetyl group of C8 side chain in 12 was completely removed during ammonolysis, the N- 

acetate of ethylenediamine chain in 11 remained intact (see experimental). This N-acetyl group was 
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hydrolysed by a final treatment of 11 with aq. NaOH (1M) at 6O“C to give 13 whose analysis by HPLC 

showed that the internucleotide phosphate link was unaffected under these reaction conditions. Control 

experiment with unmodified d(TpA) confirmed the stability of phosphate linkage. These results are also 

supported by a literature precedent l3 where the N-acetyl group of a dC analog could be deblocked only 

under the above conditions without affecting the internucleotide linkage. Figure 2 shows the HPLC purity 
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of the dinucleotides 12 and 13 which were further characterized by ‘H and 31P NMR spectroscopy. The 

above synthetic route clearly established that the C8 aminoalkyl chain is stable to phosphotriester oligo- 

nuclcotide synthesis and deprotection conditions, without accompanying any chemical modifications. 

The target ribodinucleottae 14 was synthesised similarly by condensation of the 5’-OH compound 

19 (prepared from 8-bromoadenosine 15 in 4 steps, see experimental) with the ribo 3’-phosphodiester 20 

possessing TBDMS as a 2’-OH protector. We have earlier demonstrated the synthesis and utility of 

monomers such as 20 in RNA synthesis by phosphotriester approach l*. The condensation product 21 was 

successively treated with 2% DCA-DCM, sat. MeOH-NH, and tetrabutylammoniumfluoride (TBAF), to 
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21 R’= AC , R= - 

effect removal of 5’-DMT, phosphate and amino protecting groups and cleavage of 2’0-silyl group re- 

spectively. The completely deprotected ribodinucleotide 14 was purified by ion-exchange chromatography 

(Figure 2) and characterised by spectroscopy. 

Spectroscopic characterisation- ‘H and 31 P NMR Studies. 

One of the main requirements for successful intramolecular interaction of internucleotide phos- 

phate group with the C8-conjugated ligand in dinucleotides is their relative spatial predisposition. This is 

indirectly influenced by the nucleoside sugar pucker, the glycosyl torsion and phosphate conformation. 

In order to understand the possible variations in the‘above structural features, we have analysed the ‘H 

and 31P NMR of the dinucleotides 12-14. 
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Figure 2: Reverse phase HPLC of (a) 12 (b) 13 and (c) 14. For conditions see experimental. 

‘HNMR spectroscopy. Rinkel and Altona” have previously demonstrated that the conformational analysis 

of the sugar ring in nucleic acids can be performed by using sums of coupling constants viz., C 1’ 

(J1’2’+ J1’2’7, c2’ (J1’2’+ J2’2” + J2’3’), ~2” (J1’2” + J2”3’ + J2’2”) and C3”(J2’3’ + J2”3’ + 

J3’4’). A Cl’ value of 13.3 Hz or more was shown to arise by a predominant S-type conformation (2’- 

endo, ~60%) wherein J1’25J1’2” andC?‘S2”. In case of ribose sugars the J1’2’ and 33’4’ can be 

used to estimate population of N-type conformer. Crucial to the success of this empirical method is 

the unambiguous assignments of all the protons of different sugar residues to obtain ‘H-rH vicinal coupling 

constants of different sugar residues. 

-I. ‘. . I. ‘,’ I,. ‘. 1.. ” I.. . . I ‘*. .. I ‘. . 
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Figure 3: 500 MHz ‘H NMR spectrum of 14 (2 rnM) in DaO. 
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The complete proton chemical shift assignments of both sugar residues in the three dinucleohdes 

was achieved by a combination of 1D and 2D NMR spectroscopy (Figure 3 and 4). The 2D NMR 

spectra were particularly needed for assignment of H3’ and HS’, H5” which are normally masked in 

1D spectra by the residual solvent HOD signal and the side chain methylene protons. 2D NMR was 

also helpful for assignment of H17 and H18 from imidaxole moieties in 12 and 14. Coupling constant 

values (J1’2’ and J2’3’) were computed by means of a tirst order analysis. For all the deoxyribose units, 

the Hl’ resonance appeared as a triplet and hence individual Jl’2’ and 51’2” couplings could not be 

obtained from this part of the spectrum. Alternatively, this information was sought from the total width 

of H2” multiplet (32”) which explicitly showed all the eight lines arising from its simultaneous cou- 

pling to H2’, Hl’ and H3’ protons. In dinucleotide 13 an extensive overlap with methylene resonances of 

histamine side chain excluded clear identification of H2” signal while in ribodinucleotide 14, overlap of 

H2’ and H3’ signals prevented extraction of 51’2’ and J3’4’ coupling constants. Table-l summarises the 

coupling constants and %S conformer calculated for various dinucleotides using the empirical method of 

Rinkel and Altona.r6 

It is observed that in all dinucleotides, the sugar units in genera1 show a clear preference to popu- 

late in S-type conformation (>60%). The variation in S conformer population of 5’-nucleotidyl units 

Table I: Coupling Conslants nrtd %S Curtfcrn~crs+ of Dinucleolides 11-13 

____________________________._______._-_-_-_--_____________________.____________________________ 

Dimers J1’2’ 51’2” E1’ C2’ r2” %S 

___________________________________-_-_-_-_--_-_-____-________________________._____________ 

dTpA Up- 8.1 6.1 14.2 - 24.4 75 

-pti 7.3 6.0 13.3 - 22.2 59 

____________________________________._-_______--_______-_-__________._____________.____________- 

11 dTp- 7.6 6.1 13.7 28.9 23.3 66 

-p&I 7.9 6.7 14.6 29.5 25.1 81 

_____._____________________________-_-_-_-_--_-_-___-_-_______________________.___________ 

12 dTp- 7.4 6.2 13.6 28.1 23.8 64 

-pdA 8.0 6.6 14.6 29.6 23.8 81 

_____________________________-_______-_-_-_--_-_______-_-____________________-______________ 

13 clTp- 7.8 6.0 13.8 27.8 - G8 

-ptlA 7.7 6.7 14.4 - - 78 

_________________________._______________-_-__________.____________________________________________ 

+ E l’ -9.8 
y*s = .-......._. , (see rcf 16 and 17) 

5.9 
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Figure 4: 2D COSY-45 spectrum of 13. Experiment was carried out on Bruker AC 200 spectrometer 
attached with Aspect 3000 computer with 1024 and 256 datapoints along W, and W, dimensions 
respectively. FT was performed after zero-filling in W, axis and with suitable sine bell functions. 
Cross peaks assigned on left horizontal axis. 

Table 2: “P Chemical Shifts of Dinucleotides 11-14 

Dimer dTpA 11 12 13 14 

PPm -0.49 -0.47 -0.50 -0.45 -0.21 
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among various dinucleotidcs was less than 15% (range 65-80 %) compared to a larger variation of 35% 

(range 59-94%) among 3’-nucleotidyl units. In the unmodified dimer (dTpA), the 5’-sugar residue has a 

greater preference for the S-type conformation compared to the 3’-sugar residue (Table-l). C8 moditica- 

tion leads to a reversal of situation and among the modified dimers, the S-conformer population is 

highest in case of CS-EDA modified dimer 13. The computed data indicate that C8 modification does 

not change the sugar conformation, but instead increases the population of existing S-conformer. This is 

consistent with the previous observations l6 that in unmodified dinucleotides, irrespective of the nature 

of base and sequence, the pentose ring shows a clear preference to exist in S-conformation. Our 

present data extends the above rule to the effect that purine C8 modification leads to a greater increase 

in S-conformer population. 

Inspection of relative proton chemical shifts shows a consistent trend in C8 modification induced 

shifts of Hl’, H2’ and H2” protons. Modification of base in 3’-nucleotidyl unit (-pdA) imparts a 

through-space deshielding effect on Hl’ and HZ’ of neighbouring 5’-nucleotidyl unit (dTp-) resulting in a 

downfield shift of these protons by 1: 0.2 and 0.6 ppm respectively, as compared to the corresponding 

protons in unmodified d(TpA). On the other hand, H2” of dTp- residues in 12-14 is uptield shifted by 0.2 

ppm compared to H2” of d(TpA). The Hl’ and H2’ protons of 3’-nudleotidyl unit in modified dinucleo- 

tides shows a reverse effect: upfield shifts of Hlr and a downfield shift of HZ” (0.1 -0.2 ppm). Although 

changes in shifts for ‘H of modified 3’-dA unit would originate partly from electronic changes at Cl’ 

and C2’, the nature of shifts observed for ‘H of dTp- suggests an anti conformation for the modified 

nucleoside (dA). In this conformation the C8-conjugated ligand is spatially close to the protons of adjacent 

Y-sugar unit which thus exhibit induced shifts arising from through-space dipolar effects. This is sub- 

stantiated by the generally larger induced shifts in histamine conjugates compared to EDA derivatives 

which may be attributed to histamine ring current effects. Thus C8 modification does not significantly 

affect the glycosyl torsion (anti disposition) found in natural nucleotides while the sugar residues 

exhibit enhanced population of S-conformers. 2D NOSEY spectra although gave the expected characteres- 

tic cross peaks from both nucleotidyl units but indicated no NOE’s useful for internucleotidyl conforma- 

tional assignment. 

“P NMR spectroscopy. 31P chemical shifts can potentially provide a probe for the analysis of confor- 

mation of phosphate ester backbone in nucleic acids, since the predominant contribution to chemical 

shifts arises from stereoelectronic effects. *’ It has been generally observed that phosphodiesters in stereo- 

electronically favoured g-g- conformation exhibit upfield shifts compared to those in gt or tg forms. An 

intramolecular interaction between the conjugated ligand and the intemucleotidic phosphate group in 12- 

14, either through electrostatic or H-bonding is expected to alter both the electronic density at phospho- 

rus and the phosphate geometry. Evidence for such induced effects was sought from their “P NMR spec- 

tral shifts. 

Table-2 shows comparative ‘tP chemical shifts of various dinucleotides synthesised in the present 

work. It is seen that the observed chemical shifts of 11-13 (-0.44 to -0.50 ppm) is upfield to that of 14 (- 

O.Zlppm). This indicates that in 11-13, the phosphate conformation is the stereoelectronically favoured g-g- 

form similar to that observed in normal (unmodified) nucleic acids while in 14, there may exist significant 
















