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Abstract: Synthesis of S-Me-dC~amidite regiorpecifically tethered at C4, with triethylenetetramine (s) and 
;sye;;d9) and then site specific mcorporation mto DNAto obtain oligonucleotide-polyamine conjugates(lO-15) 

Polyamines and their bio-conjugates have emerged as wide ranging biological effector molecules with 

bright prospects for medicinal developments.’ The naturally occurring polyamines like spermine and spermidine 

are largely protonated at physiological pH and exhibit net positive charge close to +4 and +3 respectively. Their 

inherent positive charge and chain conformational mobility allow electrostatic interaction with anionic phosphate 

groups of polynucleotides and induce specific structural changes in DNA? Covalent attachment of naturabun- 

natural polycationic polyamines to oligonucleotides may prove to be useful for a systematic study of such induced 

effects. Photoaffinity analogues of spermine have been used to study the binding sites on naked double stranded 

DNA3, which suggested a role for polyamines in regulating the structure of chromatin in vivo. Additionally, the 

net diminished charge on polyamine linked oligonucleotides may enhance the nuclease resistance as well as 

membrane permeability, effectively making them useful antisense drugs that are currently of great importance.’ 

Continuingourinterest on amine tethered oligonucleotides~we report in this communication astrategy for covalent 

attachment of polyamines at N’ of 5-MedC and site-specific incorporation of these base modified nucleosides 

into oligonucleotides on solid support using the well established phosphoramidite chemistry.’ 

For site-specific conjugation ofpolyamines to oligonucleotides, the convertible nucleoside approach? was 

used with the difference that the modification was effected before the oligonucleotide assembly. A convertible 

nucleoside such as S’-O-DMT-4-O-(2,4dimethyl phenyl)-2’deoxythymidine upon treatment with an amine 

(RNHJ is known to undergo nucleophilic substitution to yield N’-alkyl-S-methyl-dGnucleoside.’ This reaction 

proceeds smoothly with primary amines but with polyamines (e.g. H,N(CHJ.NH(CHJ.NH(CHJ,NHJ, we 

envisioned problems due to side reactions, particularly due to the higher nucleophilicity of secondary amines. This 

would lead to a mixture of oligonucleotides tethered by polyamines either at primary or secondary nitrogens, which 
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N-NW, 

DMTO l DMTO 

- 

7’3 :F3 

4” 4” 

10, d(CGC’GAA’ITCGCG) 13, d--C”I-Q 

11, d(CAC?TGCTAAGCT 14, d--O 

12, d(CACl’GCbAGCT) 15, d(T-c)rrrrrc*rr) 

16, d(AGUA4hGUAAAAGAA) 

17, d(ll’=-CT) 

C* = 5-methyl-4-N<triethylenetciamine)-2’-deoxycytidine. 

C# = S-methyl-4-N-(spermine)-2’-deoxycytidine. 
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would be intractable for analysis. Modification at nucleoside level prior to assembly gives an opportunity for 

unambiguous characterization of the regiospecific presence of the tether in modified nucleobase. 

To establish the reactivity of C4 in 1 towards primary and secondary amine nucleophiles present simul- 

taneously in the same molecule, compound 1 was reacted in pyridine (16 h, 60 “C) with excess (15 eq.) of 

N-methyl-1,3-diaminopropane 2. The reaction gave a single amine tethered nucleoside 3 (yield, 90%) whose 

structure was unambiguously established by 13C NMR’ which gave a peak at 33.3 ppm9 assigned for aliphatic 

N-CH, (confirmed by INEPT experiment) rather than that due to NCH, linked to nucleobase with an expected 

chemical shift around 48 ppm. ‘H NMR supported this structure in which N-CH3 appeared as a peak at 2.65 ppm 

as against 2.9-3.0 ppm expected for dC-N4-CH,. The relative reactivity of primary and secondary amines towards 

hindered electrophiles is governed by their nucleophilicity as well as steric effects. The formation of a single 

product 3 in this case indicates the dominance of steric reasons over higher nucleophilicity of secondary amines. 

The reaction of triethylene tetramine 4 with 1 yielded exclusively the 5-methyl-dC derivative 5 (yield, 

85%) in which the polyamine is linked through the o-primary amino function. This is evident from the ‘HNMR 

of 5 which showed a characteristic peak at 3.6 ppm, integrating to 2H and ascribed to dC-NH’-CHr-. This is similar 

to that seen for N4-CH,- in 3. A reaction at secondary amine would have generated two sets of such protons 

(dC-NG$$ These results were corroborated by “C NMR signals seen for N4-CH, in two compounds (3, 53.7 

and 5,56.1). The primary and secondary amino functions of 5 were protected by trifluoroacetyl group to yield 

6. The TFA group has been previously shown to be suitable for protecting aliphatic amino groups in oligonucleotide 

synthesis by phosphoramidite chemistry. 4c The structure of 6 was supported by FAB MS (984, M++Na”) which 

indicated the presence of 3 trifluoroacetyl groups. The TFA protected polyamine-nucleoside conjugate 6 was 

converted into the corresponding j3-cyanoethyl phosphoramidite 8 (Scheme 1) by using standard methods6 NO 

N-phosphonylation was observed during this reaction, as seen by “P NMR, which contained only 2 signals at 

149.5 and 149.1 ppm characteristic of 0-amidite. Starting from 1 and spermine 

[NHz(CHJ3NH(CHJ4NH(CH3,NHJ following a similar sequence of reactions, the spermine conjugated phos- 

phoramidite 9 was synthesised. 

The amidite monomers 8 and 9 were individually incorporated into various oligonucleotide sequences 

(10-15) at specific positions on an automated DNA synthesiser (Pharmacia, GA Plus). The coupling efficiency of 

polyamine tethered amidites 8 and 9 were similar to commercial phosphoramidites of normal nucleosides. After 

completion of synthesis, final on-column detritylation was followed by aqueous NH, treatment (6O”C, 18h) to 

yield the fully deprotected oligonucleotides 10-E These were desalted and purity checked by reversed phase 

HPLC” (Figure 1). 
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Figure 1: Reversed phase HPLC of 12. 
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Figure 2: Melting curves for duplexes 16:17 (a 
T,, 46”(Z), 16:14 (0, T, 42°C); in 25 mM 

, Tm Sl”C), 1613 (t, 
Tns, 100 mM NaCI, 

20 mM MgCI, pH 7.0. 

To ensure that polyamine conjugated nucleobases have survived the synthetic chemistry of oligonucleotide 

assembly by phosphoramidite approach and the subsequent step of ammoniacal deprotection, enzymatic hydrolysis 

of 13-15 were done using snake venom phosphodieste~e and alkafine phosphatase.” RP-HPLC analysis of the 

hydrolysate indicated the presence of the modified nucleoside (c”, in addition to the normal deoxynucleosides. 

In order to check for their ability to bind to DNA, the spermine conjugated ol~gonucleoddes (13- 15) were indi- 

vidually hybridised with the complementary strand 16 and T,,, of the duplexes were determined12 (Figure 2). It is 

seen that the polyamine oligonuclotide conjugates form duplexes, with slightly lower T, compared to the 

unmodified duplex (16:17). 

In summ~, this ~mmuni~tion reports a strategy for synthesis of oligonu~leotides with site-specific 

conjugation of polyamines, including spermine. Further studies are in progress to assess the sequential effect of 

m~i~catio~ on DNA duplex and triplex stabilities. Since polyamines can also form metal comptexes, capable 

of cleaving DNA”, the compounds such as those synthesised in this communication may have utility in site directed 

cleavage of DNA. 



Oligonucleotide-polyamine conjugates 1737 

References and notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

(a) Ganem, B., Act. Chem Res., 1982,15,290-298. (b) Tabor, C. W. and Tabor, H. Ann. Rev. Biochem., 

1984,53,749-790. (c) Pegg, A. E. Biochem. J. 1986,2?4,249-262. (d) Behr, J. P. Act. Chem. Res., 1993, 

26,274278. 

(a) Delcros, J. -G.; Sturkenboom, M. C. J. M.; Basu, H. S., Shafer, R. H., Szollosi, J.; Feuerstein, B. G. 

and Marton, L.. J. Biochem J., 1993, 291,269-274. (b) Hashimoto, H.; Nelson, M. G. and Switzer, C. J. 

Org. Chem., 1993,58, 4194-4195. (c) Igarashi, K.; Sakamoto, I.; Goto, N.; Kashiwagi, K.; Honma, R. 

and Hirose, S., Arch. B&hem. Biophys., 1982,219,438-443 (d) Feurstein, B. G.; Pattabiraman, N. and 

Marton, L. J.; NucleicAcidsRes. 1990,18,1271-1281. (e) Zakrzewska, K. and Pullman;B., Biopolymers, 

1986,25,375-392. (f) Behe, M. and Felsenfeld, G., Proc. Natl. Acad. Sci., U. S. A., 1981,78,1619-1623. 

(g) Jain, S.; Zen, G. and Sundaralingam, M., Biochemistry 1989,28,2360-2364. 

(a) Xiao, L; Swank, R. A. and Matthews, H. R. NucleicAcids Res., 1991, 29, 3701-3708. (b) Schmid, 

N. and Behr, J. -P. Biochemistry, 1991,30,4357-4361. 

(a) Uhlman, E. and Peyman, A. Chem. Rev. 1990,90,544-574. (b) Bischofberger, N. and Shea, R. G. in 

NucleicAcidTargetedDrugDesign, Ed. C. L,. Propst andT. J. Perun, Marcel Dekker, NY, 1992, ~571-612. 

(a) Singh, D.; Vaijayanti Kumar and Ganesh, K N. NucleicAcidsRes., 1990,18,3339-3345. (b) Prakash, 

T. P. and Ganesh, K. N. BioA4ed. Chem. Letr., 1993,3,689-692. (c) Barawkar, D. A. and Ganesh, K N. 

ibid, 1993,3,347-352. 

(a) Sinha, N. D.; Biemat, J.; McManus, J. and Koster, H. Nucleic Acidr Res, 1984,12,4539-4557. (b) 

Beaucage, S. L. and Iyer, R. P. Tetrahedron, 1992,&j, 2223-2311; Tetrahedron, 1993,49, 1925-1963; 

Tetrahedron, 1993,49,6123-6194. 

(a) Zhou, X. -X. and Chattopadhyaya, J., Tetrahedron, 1986,42,5149-5156. 

(b) MacMillan, A. M. and Verdine, G. L Tetrahedron, 1991,47,2603-2616. 

General procedure (3 and 5): 1 (0.33 g, 0.5 mmol) in dry pyridine (1.5 ml was treated with either 
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