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SYNTHESIS OF POLYAMINOOLIGONUCLEOTIDES AND THEIR 
COMBINATORIAL LIBRARIES 

Wojciech T. Markiewicz*, Przemyslaw Godzina and Maria Markiewicz 

Institute of Bioorganic Chemistry, Polish Academy of Sciences, Noskowskiego 12, 
PL-61704 Poznaii, Poland 

ABSTRACT: A synthesis of phosphoramidites of 2’-deoxyadenosine and 2’- 
deoxyguanosine carrying a protected spermine moiety at N-6 and N-2 positions 
respectively is described. An approach to analyse properties of 
polyaminooligonucleotides using their synthetic combinatorial libraries is described and 
discussed. A synthesis of a polyaminooligonucleotide combinatorial library was carried 
out and the analysis of the library clearly showed that the presence of spermine moieties 
in oligodeoxyribonucleotides increases stability of their complexes. 

Studies on oligonucleotides carrying polyamine residues of different structure at 
various positions of oligonucleotide chains were recently reported as modifications that 
ease forming stable duplex and/or triplex structure with natural DNA’”. Thus, both 5’- 
and 3’-end modifications with natural polyamines were prepared and their analysis 
confirmed that formation of a triplex with double stranded DNA was easier than with 
unmodified oligodeoxynucleotides4~5. Polyamine moieties were attached either via an 
appropriate linker to a 5 ’ -  or 2’-hydroxyl function of a sugar moiety or directly to a 
heterocyclic base residue4-14. 

RESULTS AND DISCUSSION 

We undertook systematic studies of polyaminooligonucleotides as a promising 
class of oligonucleotide analogues which might be useful in antisense and antigene 
therapy. We decided to start with polyaminooligonucleotides carrying polyamine 
moieties at nucleobase residues. An attachment of a substituent either at exo-N-positions 
of nucleobases or at C-5 of uracil moiety should not disturb Watson-Crick base pairing. 
In our approach we rely on using phosphoramidites of deoxynucleosides carrying 
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protected polyamine moieties rather than on applying polyaminonucleobase precursors 
e.g. “tethered” oligonucleotides. This approach gives a possibility to use different 
polyamine modifications in a same oligonucleotide chain. It should also allow for a better 
control of a purity of a final product. The latter condition is of a special importance for us 
as we intend to use synthetic polyaminooligonucleotide combinatorial libraries of 
(SOCL) approach to find oligonucleotides with desired propertiesI3-l5. 

Thus, we undertook a synthesis of 3’-phosphoramidites of 2’-deoxynucleosides 
carrying a protected polyamine moiety at pyrimidine or purine residues. Recently, we 
described a new method of synthesis of a phosphoramidite of 2’-deoxycytydine carrying a 
protected spermine moiety at N-4 positi~n’~. We reported also a synthesis of a 
polyaminooligonucleotide combinatorial library (SOCL) which contained such modified 
deoxycytidine units”. The analysis of the above library clearly showed that the presence 
of spermine moieties in oligodeoxyribonucleotides increases stability of their duplexes 
and that the combinatorial approach can be very useful in studies of this class of 
corn pound^'^. In this communication syntheses of 3’-phosphoramidites of 
deoxyadenosine and deoxyguanosine carrying spermine residues at N-6 and N-2 positions 
respectively are presented. 

6-( 1,2,4-triazol-4-yl)purine 2’-deoxyribonucleoside“7 (1) was prepared from 
deoxyadenosine as described and then converted into its 5’-O-dimethoxytrityl derivative 
(2). Then, 2 was reacted with putrescine in pyridine at 70 “C to give 6-N-(5-azapentane- 
1-yl) derivative 3 as a main product. 3 was transformed into trifluoroacetyl derivative 4 
when reacted with trifluoroacetic anhydride in pyridine. Its structure was confirmed by 
‘H and I9F NMR spectra. Then, 2 was reacted with spermine as above and resulted 5 was 
trifluoroacetylated as before to give 6 in 70% overall yield after chromatographic 
purification. NMR spectra of 6 confirm that a polyamine chain is attached to a purine 
residue through a terminal amino group. Then, the standard phosphitylation procedure 
with bis(N,N-diisopropylamino)(2-cyanoetoxy)phosphine and tetrazole gave a 
phosphoramidite 7. 

Introduction of N-2-polyamine deoxyguanosine units into oligonucleotides was 
reported However, all reports are based on a use of 0-6-(p- 
nitrophenylethyl)-2-fluorodeoxyinosine units as tethers which were converted into N-2- 
polyamine deoxyguanosine units during a final deprotection of oligonucleotide synthesis. 
Thus, 0-6-(p-nitrophenylethyl) deoxyguanosine (8) was obtained from trimethylsilyl pro- 
tected deoxyguanosine (hexamethyldisalazane/DMF) and p-nitrophenylethanol’*. 8 was 
converted into O-6-(p-nitrophenylethyl)-2-fluorodeoxyinosine (9) as described8,’2318-21 
using hydrogen fluoride in pyridine and t-butylnitrite at low temperatures (-50 to -25 “C). 
However, we could not achieve high yields. Additionally, a by-product, 0-6-(p- 
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N-N "> 

OH 4 R = T F A  

R 
1 R = R = H  I 
2 R = D M T , R = H  NHx HN w N - 

I 
R 

5 R = R = H  
6 R = H , R ' = T F A  
7 R = P(III), R = TFA 

D h I T O G A  

ox 

8 R = R = H , X = N H ,  
9 R = R = H , X = F  

12 X = NH(CH,),NH, 
13 X = NH(CH,),NHTFA 

OR' 11 R = D M T , R = H , X = F  15 X = F  

DMT = 4,4'-dimethoxytrityl; TFA = trifluoroacetyl; P(II1) = -P(OCH,CH,CN)N( LPr), 
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nitrophenylethylxanthine (lo), was isolated, presumably as a product of depurination of a 
hydrolysed intermediate diazonium salt produced from 8. Then, 9 was transformed into 
dimethoxytrityl derivative 11 and reacted overnight with putrescine in pyridine at 70 “C 

to give 12 (characterised as its TFA derivative 13). However, when 8 was treated with 
putrescine a formation of 4-(3,8-diazaoctyl)nitrobenzene (14) resulting presumably from 
addition of 4-nitrostyrene to putrescine was observed. We are aware of a formation of 
impurities of a similar structure that could contaminate polyaminodeoxyguanosine 
phosphoramidites. Therefore, we decided to perform a polyamine substitution reaction on 
0-6-unprotected 2-fluorodeoxyinosine derivative 15 obtained after DBU treatment of 11. 
Thus, treatment of 15 in pyridine with spermine (2 days, 70°C) gave desired 16. Its 
trifluoroacetylation gave 17 which was then phosphitylated to produce the desired 
phosphoramidite 18. 

EXPERIMENTAL 
All the solvents used in the reactions were purified and dried as described in earlier 

published papers. Spermine (Fluka) and trifluoroacetic anhydride (Merck) were used directly. ‘H 
NMR spectra were recorded on a Varian Unity 300 NMR spectrometer operating at 299.9 MHz 
using tetramethylsilane (TMS) as an internal standard. ”P and I9F NMR spectra were recorded 
on the same apparatus operating at 121.4 or 282,2 MHz respectively using either 85% 
ortophosphoric acid or trifluoroacetic acid as external standards. Mass spectra were determined 
on AMD Interactra (Germany) Spectrometer Model 402. 
6-(1,2,4-triazol-4-yl)purine 2’-deoxyribonucleoside (1) 
H NMR (DMSO-d6): 6 (ppm) 9.65 (s, 2H, H-3, H-5 from triazole), 9.02 (s, lH, H-8), 8.94 (s, 

S’), 4.51-4.45 (sextet, I€€, J 1.8 &, H-37, 3.95-3.91 (q, lH, J 3.3 Hz, H-4’), 3.69-3.52 (m, 2H, 
H-5’, H-5”),2.85-2.76 (m, lH, H-2’),2.46-2.38 (m., lH, H-2”). 
13C NMR (DMSO-ddD20): 6 (ppm) 153.28 (C-4), 151.99 (C-2), 146.00 (C-8), 142.69 (C-6), 
141.03 (2C of triazole), 122.67 (C-5), 88.09 (C-4’), 84.27 (C-l’), 70.42 (C-37, 61.31 (C-57, 
39.49 (C-2’). 
5’-O-Dimethoxytrityl-6-( 1,2,4-triazol-4-yl)purine 2’-deoxyribonucleoside (2) 
H NMR (DMSO-d6): 6 (ppm) 9.65 (s, 2H, H-3, H-5 of triazole), 8.91 (s, lH, H-8), 8.84 (s, lH, 

H-2), 6.69-7.31 (m, 13H, DMT arom.), 6.56 (t, lH, J 6.6 Hz, H-l’), 5.46 (d, IH, 5-45 Hz, OH- 
37, 4.49-4.57 (quintet, lH, J 5.1 Hz, H-37, 4.05-4.1- (quintet, lH, J 3.6 Hz, H-4’), 3.68 (d, 6H, 
11.4 Hz, 2xOCH3 of DMT), 3.14-3.27- (m, 2H, H-5’, H-S’), 2.95-3.03- (m, IH, H-2’), 2.4-2.46- 
(m., IH, H-2”). 
5’-O-Dimethoxytrityl-6-N-(5-azapentane-l-y1)-2’-deoxyadenosine (3) 
‘H NMR (DMSO-db): 6 (ppm) 8.22 (s, lH, H-8), 8.14 (s, lH, H-2), 7.84 (s, IH, NH), 6.77-7.34 
(m, 13H, DMT arom.), 6.36 (t, lH, J 6.6 Hz, H-l’), 5.38 (m, lH, OH-3’), 4.47 (m, lH, H-3’), 
3.95-3.99 (q, lH, J 4.2 Hz, H-4’), 3.71 (d, 6H, J 1.8 Hz, 2xOCH3 of DMT), 3.33-3.44 (m, 6H, H- 
1,-4 aliph. CHI, NH2), 3.15-3.17 (d, 2H, J 4.8 Hz, H-5’, H-S”), 2.85-2.92 (m, IH, H-27, 2.49- 
2.56 (m, lH, H-2”), 1.54-1.64 (quintet, 2H, J 7.2 Hz, H-2 aliph. CH2), 1.32-1.42 (quintet, 2H, J 
7.2 Hz, H-3 aliph. CH2). 
5’-O-Dimethoxytrityl-6-N-[ (N-trifluoroacetyl)-5-azapentane-l-yl]-Z’-deo~adenosine (4) 
H NMR (DMSO-d6): 6 (ppm) 9.41 (t, lH, J 5.7 Hz, NH-5), 8.24 (s, lH, H-8), 8.15 (s, lH, H-2), 

7.85 (s, lH, NH), 6.77-7.27 (m, 13H, DMT arom.), 6.37 (t, lH, J 6.3 Hz, H-1’), 5.38 (m, lH, 

I 

lH, H-2), 6.54 (t, IH, J 6.3 Hz, H-l’), 5.43 (d, lH, J 4.5 Hz, OH-3’), 5.03 (t, lH, J 5.4 Hz, OH- 

I 

1 

OH-3’), 4.86 (s, lH, H-3’), 3.96-4.01 (9, IH, J 4.2 Hz, H-4’), 3.72 (d, 6H, J 1.5 Hz, 2xOCHl of 
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DMT), 3.16-3.48 (m, 6H, H-1,-4 aliph. CH2, H-5’, H-532.84-2.92 (m, IH, H-2’), 2.32-2.36 (m, 
lH, H-Y), 1.56 (m, 4H, H-2,-3 aliph. CH2). I9F NMR (DMSO-ds): 6 (ppm) 1.784 (s, CF3). 
S’-O-Dimethoxytrityl-6-N-[ tris(N,N’,N~’-trifluoroacetyl)-4,9,13-t~azatridecane-l-yl]-2’- 
deoxyadenosine (6) 
‘H NMR (DMSO-dd: 6 (ppm) 9.45-9.53 (m, IH, NH-13 aliph.), 8.25 (t, IH, J 2.4 Hz, H-8), 8.16 
(s, IH, H-2), 7.89 (d, IH, J 21.3 Hz, C(6)-NH), 6.77-7.27 (rn, 13H, DMT arom.), 6.37 (t, IH, J 
6,O Hz, H-l’), 5.37 (d, IH, J 4.5 Hz, OH-3’), 4.48 (m, IH, H-37, 3.98 (q, lH, J 4.2 Hz, H-47, 
3.72 (t, 6H, J 1.5 Hz, 2xOCH3 of DMT), 3.16-3.47 (m, 14H, H-1,-3,-5,-8,-10,-12 aliph. CH2, H- 
5’, H-5’7, 2.83-2.92 (m, lH, H-27, 1.74-1.93 (m, 4H, H-6,-7 aliph. CH2), 1.53 (s, 4H, H-2,-ll 
aliph. CH2). 
6-O-p-nitrophenylethyl-2-fluoro-2’-deoxyinosine (9) 
’H NMR (DMsO-dd): 6 (ppm) 8.57 (s, 1 H, H-8), 8.17-8.2 (d, 2H, J 8.7 Hz, 2xC-H arom. of p- 
NPE), 7.63-7.66 (d, 2H, J 8.7 Hz, 2xC-H arom. ofp-NPE), 6.31 (t, IH, J 6.9 Hz, H-l’), 5.35 (d, 
1H J 4.2 Hz, OH-3’), 4.94 (t, IH, J 5.7 Hz, OH-5’), 4.83 (t, 2H, J 6.3 Hz, CH2 aliph. ofp-NPE), 
4.37-4.43 (m, IH, H-37, 3.84-3.88 (4, IH, J 3.3 Hz, H-47, 3.47-3.64 (m, 2H, H-S’, H-57, 3.31 
(t, 2H, J 6.6 Hz, CHI aliph. ofp-NPE), 2.62-2.71 (m, IH, H-2’), 2.28-2.35 (m, IH, H-2”). 
19F NMR (DMSO-ds): 6 (ppm) 25.231 (s, C(2)-F). 
O-6-@-nitrophenylethyl)xanthine (10) 
decomp. t. 225 OC; EI MS m/z (% rel. intens.): M’ 301.0 (4.2), 152.0 (100); calc. for C13HIINS04 
301.08. 
5’-O-Dimethoxytrityl-2-fluoro-2’-deoxyinosine (1 1) 
‘H NMR (DMSO-d6): 6 (ppm) 8.58 (d, IH, J 3.9 Hz, NH), 7.98 (s, lH, H-8), 6.78-7.36 (m, 13H, 
DMT arom.), 6.24 (t, IH, J 6.3 Hz, H-l’), 5.36 (s, IH, OH-3’), 4.38 (d, IH, J 3.9 Hz, H-37, 3.91- 
3.96 (4, IH, J 5.7 Hz, H-4’), 3.72 (d, 6H, J 0.6 Hz, 2xOCH3 DMT), 3.11-3.22 (m, 2H, H-5’, H- 
5”),2.65-2.74 (m, lH, H-27, 2.25-2.33 (m, IH, H-2”). 
19F NMR (DMSO-db): 6 (ppm) 24.754 (m, C(2)-F). 
4-(3,8-diazaoctyl)nitrobenzene (1 4) 
‘H NMR (DMSO-d6): 6 (ppm) 8.14 (d, 2H, J 9.0 Hz, 2xC-H arom. ofp-NPE), 7.5 (d, 2H, J 8.7 
Hz, 2xC-H arom. ofp-NPE), 2.72-2.88 (m, 4H ,CH2 aliph. ofp-NPE), 1.28-1.44 (m., 8H, CH2 of 
putrescine residue). 
5’-O-Dimethoxytrityl-2-N-[ tris(N,N’,N’’-trifluoroacetyl)-4,9,13-triazatridecane-l-yI~-2’- 
deoxyguanosine (17) 
‘H NMR (DMSO-d6): 6 (ppm) 10.72-10.75 (dd, IH, J 11.4 Hz, NH-I), 9.47-9.54 (d, IH, J 23 Hz, 
NH-13 aliph.), 7.8 (s, lH, H-8), 6.78-7.35 (m, 13H, DMT arom.), 6.58 (t, IH, C(2)-NH), 6.19 (t, 
IH, J 6.3 Hz, H-l’), 5.34 (d, lH, J 4.8 Hz, OH-3’), 4.35-4.44 (sextet, lH, J 5.4 Hz, H-37, 3.91- 
3.95 (quintet, IH, J 3.3 Hz, H-47, 3.72 ( d, 6H, J 1.2 Hz, 2xOCH3 DMT), 3.16-3.35 (m, 14H, H- 
1,-3,-5,-8,-10,-12 aliph. CHI, H-5’, H-5’7, 2.69-2.74 (m, IH, H-27, 2.24-2.28 (m, IH, H-2’7, 
1.73-1.84 (m, 4H, H-6,-7 aliph. CH2), 1.51 (s, 4H, H-2,-11 aliph. CH2). 

ACKNOWLEDGEMENTS 

The authors thank for financial support the State Committee for Scientific Research 
of the Republic of Poland (Grant No. 6 P04B 002 13). 

REFERENCES 

1 .  

2. 

Barawkar, D. A.; Kumar, V. A.; Ganesh, K. N. Biochem. Biophys. Res. Commun., 1994, 

Barawkar, D. A.; Rajeev, K. G.; Kumar, V. A,; Ganesh, K. N. Nucleic Acids Research, 
205, 1665- 1670. 

1996,24, 1229-1237. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1454 MARKIEWICZ, GODZINA, AND MARKIEWICZ 

3. Ganesh, K. N.; Rajeev, K. G.; Pallan, P. S.; Rana, V. S.; Barawkar, D. A.; Kumar, V. A. 
Nucleosides 13 Nucleotides, 1997,16, 127 1 - 1278. 

4. Tung, C. H.; Breslauer, K. J.; Stein, S. Nucleic Acids Research, 1993,21, 5489-5494. 
5.  Sund, C.; Puri, N.; Chattopadhyaya, J. B. Tetrahedron, 1996,52, 12275-12290. 
6 .  Prakash, T. P.; Barawkar, D. A.; Kumar, V.; Ganesh, K.N. Bioorg. Med. Chem. Letters, 

7. Nara, H.; Ono, A.; Matsuda, A. Bioconjugate Chem., 1995,6,54-61. 
8.  Schmid, N.; Behr, J. P. Tetrahedron Letters, 1995, 36, 1447-1450. 
9. Bigey, P.; Pratviel, G.; Meunier, B. J.  Chem. SOC., Chem. Comm., 1995, 1 8 1 - 1 82. 
10. Manoharan, M.; Tivel, K. L.; Andrade, L. K.; Mohan, V.; Condon, T. P.; Bennett, C. F.; 

Cook, P. D. Nucleosides & Nucleotides, 1995,14,969-973. 
1 1 .  Olivas, W. M.; Maher, L. J. Biochemistry, 1995,34278-284. 
12. Diaz, A. R.; Eritja, R.; Garcia, R. G. Nucleosides & Nucleotides, 1997,16,2035-2051. 
13. Markiewicz, M.; Astriab, A.; Markiewicz, W. T. Collect. Czech. Chem. Commun., 1996, 

spec. issue, 120-121. 
14. Markiewicz, W. T.; Markiewicz, M.; Astriab, A.; Godzina, P. Collect. Czech. Chem. 

Commun., 1996, spec. issue, 3 15-3 18. 
15. Markiewicz, W. T.; Godzina, P.; Markiewicz, M.; Astriab, A. Nucleosides & Nucleotides, 

16. Samanto, V.; Miles, R. W.; Robins, M. J. J.  Am. Chem. SOC., 1994,116,9331-9332. 
17. Miles, R. W.; Samanto, V.; Robins, M. J .  J.  Am. Chem. SOC., 1995, 117, 5951-5957. 
18. Lee, H.; Hinz, M.; Stezowski, J. J.; Harvey, R. G. Tetrahedron Letters, 1990 3Z, 6773-6776. 
19. Harris, C. M.; Harris, C. M.; Zhou, L.; Strand, E. A.; Harris, T. M. J.  Am. Chem. Soc., 1991, 

20. Zaj&c, B.; Lakshman, M. K.; Sayer, J. M.; Jerina, D. M. Tetrahedron Letters, 1992, 33, 

21. Lee, H.; Luna, E.; Hinz, M.; Stezowski, J. J.; Kiselyov, A. S.; Harvey, R. G. J. Org. Chem., 

1994,4,1733-1738. 

1998,17 (9-1 l), 000-000. 

113,4328-4329. 

3409-34 12. 

1995, 60,5604-5613. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


